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Introduction

The enthusiastic reception of the first five volumes of The Encyclopedia of Elec-
trovic Circudts prompled the authors to produce this volume—the sixth in the pop-
ular series.

Taken together, the six volumes contain approximately 6000 circuits—by far the
largest and breadest collection of practical electronic circuits available anywhere.

As in the other volumes, the 1000+ circuits presented here are arranged alpha-
hetically, by category. All circuits in this volume, as well as those from the previous
five volumes, are included in the index, which now has approximately 6000 entries.

We express sincere appreciation to the many electronic industry sources and
publishers who graciously allowed us to utilize some of their materials, Their coop-
eration is gratefully acknowledged.

Once again, it gives us great pleasure to extend our sincerest thanks to Loretfa
Gonsalves-Battiste, a fine lady whose skill at the computer and willingness 1o work
long and hard made on-time delivery of the manuscript for this book possible.

Rudolf F. Graf & Williamn Sheels
September 1995
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AGC and ALC Circuits

Thc sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

AGC Audio Preamp

3:MHz Low-Noise AGC System
IF AGC Network

Audio Leveler



AGC AUDIO PREAMP
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asT Fig. 1-1

The circuit uses an easily obtained 741 op amp set for an internal gain of about 200. A portion of
the op amp’s output signal is rectified by the 1N4148 diodes, then filtercd and fed to the gate of the
‘FET input shunting circuit. As the output rises, more and more-input shunting takes place. That is,
more of the input signal is-bypassed, effectively keeping the output level constant.

The circuit offers a 100:1 limiting action. The input level can change over a 100:1 ratio with little
or no effect on the output level. The output level itself can be set {rom less than unity all the way up
to nearly the gain of the amplifier, making the circuit usable in other applications as well.

3-MHz LOW-NOISE AGC SYSTEM

a3 R4
2B4kQ  3T74KD
+5V O=hAA—4 AD590 S00uA
vy % ACCOUPLING TEMP (at 300K}
+373mV 8kHz TO CLURRENT
A HIGH-PASS *
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INPUT ’——|1 ¥ i, / .L
A1HI AICM c2
AILO M1 | ATOP 01uF 1ppn [~11
L3= 14 ‘ 2N3904
GAT1 f t VPQS o5V
4 X pIE BEC C1 [+
GATZ REF VNEG e c3 A2 &
Gt e e 7] |2 LEh,
AzLD [ =] acop f T 1% 1-
= " & O ) OUTPUT
= AZ — ’ +1.28V
AZHI AZCM 32MHz
L pry 10 LOW-PASS
caLo f :|9 C2Ht
ADG00
ANALOG DIALOG Fig. 1-2

The AD600 dual voltage-controlled amplifier in this circuit provides a 3-MHz AGC system with
80-dB range.




TF AGC NETWORK

ELECTRONIC DESIGN Fig. 1-3

A simple [F' AGC circuit that features wide dynamic range and excellent linearity can be achieved
with two chips: TI's TLO26C voltage-controlled amplifier 1C and Linear Technology’s L.T1014 (or any
other similar basic quad op amp).

AUDIO LEVELER

+8-15V
] b L] 1IC2 |2 +8V
78L05
C4 3 ]
10uF 2
e
22uF —
ol
+ 5| IC1
—“)m c2 F——{nEsS?? MAREN A
100k 0F 6 g 68K TISK
AYA'A' Y *
c3 It 7
10uf 7 1o THiowf
H KR
= o8 & ouTPU SP
Rily] 10pF T T
* SEE TEXT = - -
1984 EXPERIMENTERS HANDBOOK Fig. 1-4

A low power programmable compandor chip, the Signetics NE577 IC is used. Incoming audio is
compressed, rectified and conditioned so that the input signal level always remains about the noise
level. The compressor is an ALC circuit that outputs a constant level and the expander part of the 1C
is not used.
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Air-Flow Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Hot-Wire Anemometer
Electronic Anemometer
Air Flow Detector



HOT-WIRE ANEMOMETER

| «——— Filament thermostat — | ¢———— S(\IF“-Z) compulation ———+—5>

Lof 2

pry

6V

At 3 Filamant vy
flow -C 42182

Notes: =
— All transistors = 1/7 CA3081
- All op amps = 1/4 LMGG484

ELECTRONIC DESIGN Fig. 2-1

An anemometer can be realized by utilizing the inherent transconductance match of transistors
in the array, instead of passive series resistances, to control filament current. As a result, as Al serves
the collector current of Q4 and thereby the voltage across-R1, it simultaneously adjusts the filament
(a 2182-type incandescent lamp denuded of its glass envelope) voltage, V,. The ratio.of the filament
to R1 current is stably maintained by the identical temperature and operating points of Q1 through
Q4. The.nel result is that, Al drives the lilament temperature to the value that causes filament resis-
tance to equal R1/3 = 33 €. This is about double the cold resistance of the filament and therefore, as-
suming tungsten wire with a 0.0045/degree coefficient of resistance, represents a filament operating
temperature of around 230°C. This is hot cnough that moderate changes in ambient temperature are
unirportant, factors in filament power demand, but not so hot as to cause the filament to burn.

Rail-to-rail input amplifier A2 continuously serves the collector current of Q5 to W/R,, making
the 1V, of LQ5 a logarithmic function of V. A3 multiplies this log by 4 and applies the product of Q7.
Q7 does the antilog function so that its collector current is proportional to the fourth power of V.
Thus, by King’s law, it's proportional to air speed in the vicinity of the filament. This current is offset
and scaled by A4 to produce a voltage output that, thanks to the rail-lo-rail cutput capability of the
LMC6484, can range from 0.01 Lo 4.99 V, Full-scale air speed can be adjusted, using R7, to any value
in the range of 1 to 10 meters/s.




ELECTRONIC ANEMOMETER

PROGESSOR BOARD MONITOR
F—m— e T e AF e ———
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POPULAR ELECTRONICS

A motor used as a generator is used as a transducer to generale a de voltage that is proportional
to wind speed. K1 prevents the transducer voltages from being applied to the circuit if no de power
is present. ULA through U1D is a de amplifier, integrator, and buffer. This circuit drives the meter M1.

The processor board is mounted in a housing along with the genecrator M1.

AIR FLOW DETECTOR

+15V
[
R1 & \ A2 +15V
$ > OUTPUT
1.2K: £ 18K HIGH
2 WITH
u2 AIR FLOW
LM335
- > ! RS
a';?z 3 T 1MEG
R4 ,

RIF POINT-2 U3
Rl "_@ LM335

* SELF HEATING IS USED TO DETECT AIR FLOW

POPULAR ELECTRONICS

Fig. 2-3

The sclf heating of a semiconductor that is cooled by airflow is used as a sensing method.
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Alarm and Security Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figurc number in the box of each circuit correlates to the entry in the Sources section.

Burglar Alarm Circuit

Auto Security System Transmitter
Home Security System

Auto Security System Receiver
Flashing Brake Light for Motorcycles
Car Alarm Decoy

Motoreycle Alarm

Simple Bike Horn

Door Ajar Indicator

Motoreyele Burglar Alarm

Horn Circuit for Motorcycle Use



BURGLAR ALARM CIRCUIT

This alarm circuit is built around a single
4081 (CMOS) quad AND gate. It offers an exit
and entry delay (around automalically reset
two minutes after tripping, provided that the
trip inpul. is not, left high).

The arming switch must go high to arm or
low to disarm. After arming, Ul-a begins to
charge C1 via R6. Around 20 seconds later {af-
ter the exit delay), C1 has a sufficient charge
to produce a high at the pin-5 input of Ul-h.
Also, when the circuit is armed, Q1 is turned

+V -

ﬁ,?( EE 1%!.5( on to indicate arming, and one input of Ul-d is
AW + brought high,

[ After the exit delay times out, if the trip in-

Ut Re 2 put opens, it causes an output on gate Ul-b.

va 4081 T4 IMEG T Transistor Q1 is turned on, lighting the trip indi-

Mg ¢ cator (LED3), C2 instantly charges, and the out-

10K gy . rl;«:“! put of Ul-c goes high. At that point, C3 begins
N JoK charging Lo provide the entry delay.

8 h A10 & After 20 seconds, C3 has sufficicnt charge

200K 3 to produce a high at pin 13 of 111-d. That forces

Ul-d’s outpul high, tuning Q3 and Q4 on, which

activates the alarm indicator (LEDZ) and

sounder {BZ1), respectively. If disarmed aflor a

Lrip pulse, but before the 20-second, entry delay
time out, pin 12 of Ul-d goes low, so the gate's
output does not go high and the alarm does not
sound.

Components C2 and R10 hold 1J1-¢ on for
around 2 minules and 20 seconds to provide
the two-minute alarm. Alter C2% charge drops
below half of the supply voltage, Ul-¢'s cutput
goes low, awaiting another trip pulse to set it
off again.

POPULAR ELECTRONICS Fig. 3-1




AUTO SECURITY SYSTEM TRANSMITTER
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POPULAR ELECTRONICS Fig. 3-2

This transmitter operates at 49 MHz and uses an M145026 programmable digital encoder to gen-
erate a unique digital code, depending on the pesitions of S2 and 83, to control ignition and lights or
horn. Q1 is the oscillator, Q2 the power amplifier. The antenna is a 36-inch whip or wire antenna.
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HOME SECURITY SYSTEM
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TRANSFORMER U1
Y A1
(T 879 K N30 6
B 444 Q—b +5V
L 4
D5 F\N
ota k| TN 4 0 ZXIN a2
1K
WA
+12v +5V =
SOURCE SOURCE
o]
i1 w o
7805 -
44
Ja-6
*—0J4-3 = B1
12V LEAD-ACID
OS5, 5 AW RECHARGEABLE
-—0 449 0——of1-——|
0 M-10 O0—
POPULAR ELECTRONICS Fig. 3-3

At the heart of the main-control unit is U16, Zilog’s Z8-8-bit microcontroller, which receives its program instruction from U17,
a 27064 8K x 8 EPROM. The home security system in its most basic form, features eight individual protection zones, adjustable
entry and exit delays, a panic switch (for mergency situations), automatic system reset, support for an auto-dialer {which, in
case of emergency, dials pre-programmed telephone numbers), it’s X-10 compatible (allowing it to control house lights and ap-
pliances}, has a backup battery (to keep the system en-line during a power failure}, and there is also an optional zone-status panel
that is used to individually show the condition of each protectiori zone.

This system’s power supply provides 12 Vde for the sirens and digital keypad, and 5 Vde for the on-board electronics, while
also providing a constant 12-V output that's used to charge the backup-battery.




AUTO SECURITY SYSTEM RECEIVER
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POPULAR ELECTRONICS

Fig. 3-4

This receiver is a superheterodyne type tuned 1o 49 MHz. U2 is a mixer, followed by a 10.7-MHz
filter and two-stage IF (U3, U4) and detector. The encoded received RF pulse signal from the an-
tenna produces detected pulse from the MCU1330F. These pulses are amplified by U5 and fed to de-
coder IC U6, and MC1450278. Two channels are available at the-output, which drives K1 and X2

12



FLASHING BRAKE LIGHT FOR MOTORCYCLES

BRAKE SWITCH

12V ——— T o +12V
St
16 BRAKE
5 LIGHT
IDI ;J'[
M
°1‘ 1Ng14
) a1
= 4 IRF511

e »—e
2]

1914

10

w4 >
D3

U1
4017 =

- >
D4

POPULAR ELECTRONICS Fig. 3-5

When brake-light switch S1 is closed, power is applicd to Ul and U2. Two inverters of U2, a 4049
hex inverling buffer, are connected in a low-frequency oscillator circuit that feeds clock pulses into
Ul, a 4017 decade counter/divider. Outputs 0, 2, 4, 6, and'8 of Ul arc coupled to the gate of Q1
through a 1N914 diode, As the 4017 counts down, il turns the brake light on and off four times and
then leaves it on until the brake switch is released. The on/off rate can be set by potentiometer R2;
for best results, the on/off rate should be set so that it is rapid.

13



CAR ALARM DECOY
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POPULAR ELECTRONICS Fig. 3-6
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POPULAR ELECTRONICS Fig. 3-7

A dual timer is used to generate a long pulse, which gates a second timer, producing a square
wave (nonsymmetrical) and controls the on/off time of the horn. Siren operation can be selected
with a jumper. In this case, the output of @1 will be continuously on and not eycled. Sensor 81 is a
row of adjacent circuit board traces with a stainlesssteel ball bearing laying on them. Any movement
causes momerttary shorting and opening of the circuit, triggering Ul-a.

14



SIMPLE BIKE HORN

—0510—5 +12V

The horn circuit uses only one gate of a 4093
quad 2Z-input NAND Schmitt trigger, Ul, con-
nected in a siinple, low-frequency, square-wave
oscillator circuit. The oscillator's cutput,-at pin 3,
drives the gate of Q1. The drain of that FET
drives a small horn speaker.

Potentiometer R1 can be adjusted to set the
horm'’s cutput frequency. Some horn speakers are

Wiy frequency sensitive, so play with the oscillator’s
T‘“ !
:

frequency control for the best or loudest sound.

POPULAR ELECTRONICS Fig. 3-8
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POPULAR ELECTRONICS Fig. 3-9

This simple scunder (A} makes a good door annunciator. If the buzzer is replaced with the cir-
cuil in B, the annunciator can be made more pleasant to the ear.

15



MOTORCYCLE BURGLAR ALARM
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POPULAR ELECTRONICS Fig. 3-10

A BBEIC is connected in a one-shot timer cir-
cuit that turns on a FET transistor and cither a
siren or the bike's horn for a preset time period.
Switch S1 is used as an on/off switch.

Closing either of two switches, S2 and 53,
will trigger the IC. When either switch closcs, pin
2 of U1 goes low. That triggers the [C to produce
a positive output at pin 3 and sounds the alarm
for the time period set by R3. The mercury
swilch, 83, is the swilch-that activates the alarm
should anyone move your bike. Switch S2 can be
used as a panic switch.

HORN CIRCUT FOR MOTORCYCLE USE

POPULAR ELECTRONICS

Fig. 3-11

Gates Ul-a and Ul-b of the 4093 quad 2-
input NAND Schmitt trigger are connected in
variable, low-frequency, square-wave oscillator
circuits. The output of gate Ul-a is connected to
one of the inputs of gate Ul-b. The square-wave
output of gate Ul-a modulates oscillator U1-b,
producing a two-tone output. A really interesting
sound can be produced by carefully adjusting po-
tentiometers R1 and R2.
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4

Amateur Circuits

The sources of the following eircuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

1.2-kW 144-MHz Amplifier Power Supply
1.2-kW 144-MHz Amplifier Control Circuitry
1.2-kW 144-MHz Linear Amplifier
Four-Stage 76-Meter SSB Superhet Receiver
Improved CW Transmitter Keying Circuit
One-Chip AFSK Generator

Programmable CW Identifier

Audible SWR Detector Adapter

Audio Breakout Box

One-Watt CW Transmitter

PTT Control from Receiver Audio
Transceiver Memory Backup

80-Meter SSB Receiver

CW Audio Filter

RF Line Sampler/Coupler

Battery Pack and Reverse Polarity Protection
Simple Identifier

Transmit Keyer Interface Circuits

Mabile Radio On-Alarm Timer

17



1.2-kW 144-MHz AMPLIFIER POWER SUPPLY

25
py mw
1TV
i
|
240 ¥ |
I WiE 9 : n
: —L g 3 3200 v
| A 240 ¥ ‘]E
I _-.g to
f Figure 2
|
I D_‘
| Kt
I 470
' 7
/2
/L\
oy AN J
25 v
25w to
240 v Figure 2
Ui A 250
" BB
120 v +12 Vae
126 ¥
T i 22k B
1l
K2A g
—_—
[ +
47 uF
az KENY
2 b5 2-SECOND TMER
120 v
CAAA 06
T3 —
"YYY‘\_.# _L {412 v
t
+ 470 uF Except aa Indicaled, decimeal valuas of iy

Figura 2
35 capacitance ara in micraforads { uf ); K
others are in picoforads {pF ); -
resialohces ard in ohimd; k=1,000

Schematic diagram of the high-voltage power supply recommended for use with the nower amplifiar.

01-D4—Strings of 4 each, 1000-PiY, 3-A (1-mA meter movement used with series  T1—High-valtage power transformer,
diodes, 1N5408 or squivalent resistors shown in drawing) 240-V primary, 2250-V, 1.2-A secondary
K1—DPST relay, 120-V ac coil, 240-V-ac, MCT1—Cougling tan, Torin TA-300 or {Avatar AV-538 or eguivalent)
20-A contacts (Midiand Ross equivalent T2—§&tepdown transformer, Jameco
187-321200 or equivatent} G1-—2N22224 or equivalant 112125, 240-V to 120-V, 100 VA
K2—8PDT miniature relay, 12-V dc coil Q2—MPF102 or eguivalens T3—Power transformer, Jameco 104379,
{Radio Shack 275-248 or equivaient) 51—20-A hydraulic/magretic circuit 120-V primary; 16.4 ¥, 1-A secondary
M1—High-veltage meler, 5 kV dc full scale breaker (Potter ang Brumfield {haif usad)

WE8X2Q12-20 or equivalent)

QsT Fig. 4-1

A schematic diagram of the high-voltage power supply recommended for use with the power
transformer. This power supply can also be used for other equipment with similar requirements.
CAUTION: hazardous high voltages.
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1.2-kW 144-MHz AMPLIFIER CONTROL CIRCUITRY

Keying Jack

KETING
INHIBIT
{10 Seconds)

NC

51
PREHEAT

*

DSz
.

READY

+12 ¥

g

Figure 2

T
I

FILAMENT OELAY

(4 Seconds)
{ B
Ne 7
to Figure 2
I SN
9 K2A
4 GRID
K2 OVERCURRENT +12 ¥ from
D4 } HY Por Supply
* {Figure B)
KEYING 12w
RELAY t NORMAL = bS5
WC 390 L Reg - n

ouT N |

GND +

Cs3 c3 o= A0 BV 120 ¥
= RESET ﬂ[o_” BV
ta LQ_LC
Figure 412 v 1
B 5 77 .
[ra K4 Sel Grig
Quercurrent-Trip to Grig Current

Excepl o5 indicoted, decimal
valuas of capackaonce are

in microforads { uF }; athars
ore in picoforads {pF);
rasistances gre in ochms;
lo=1,000, W=1,000,000.
NC=not connected,

QsT

o5 Meter (Figurs 2)

15
1w

Fig. 4-2

Schematic diagram of the armplifier-control circuits,
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QsT

Grid
Current

to Control
Board

(Figura 4)

1.2-kW 144-MHz LINEAR AMPLIFIER

RFC1

ct

oAb

o8 EW
-O0—0

+

c3

r«i(—— Lz

A
fal
c2

Cathode
Curcent

to Fiqure 4

C1-C4—100 pF, 5 kV, type 850

C5—1000 pF, 5 kv

C8—Anode-tuning capacitor; see text and
Figure 5 for details

C7—0utput-loading capacitor; see text
and Figure 7 far details

C8-C10—1000-pF silver mica. 500 V

C11—30-pF air variable

C12—0.01 uF, 1 kV

D1—1000 PIV, 3-A diode, 1N5408 or
eguiv

D2--8.2-V, 50-W Zener diode, ECG
S5249A

J1—Chassis-mount BNC connector

J2—Type-N connector fitted to output
coupling assemoly (see Figure 7)

L1, L2—Plate lines; see text and Figure 6
for details

L3—5 t no. 14, 'z-inch diameter, close
wound

L4—3t no. 14, ¥-inch diameter,
‘Ja-inch spacing

AFC1—7t no.14, *A-ingh diameter,
1% inch long

Schematic diagram of the 2-meter amplifier.

c4

E£xcept o5 indicated, decimal values of
capocitance are in micrafarads { wf):
others ore in piceforods { pf );
resistances ore in ohms; k=1,000

34

o -(/C T

o

FILAMENT BLOWER

AFC2, AFC3—t0t no. 12,

*/e-inch diameter, 2 inches long
T1—Filament transtermer. Primary. 120 V;
secondary: 6.3 V, 25 A, center tapped

Available from Avatar Magnetics
{Ronald C. Williams, WOJVF, 240
Tamara Trail, Indianapaolis, IN 46217,
317-783-1211); part number AV-539

M1—Grid milliammeter, 200 mA dc full
scale

M2—Cathode ammaeter, 2 A de full scale

MOT1—140 free-air cfm, 120-V ac blower,
Dayton 4C442 or equivalent.

Sources for some of the “hard to get parts”

include:

Fair Radio Sates, 1016 E Eureka, Lima.

OH 45802, tel 419-227-6573

Surplus Sales of Nebraska, 1502 Jones

Street, Omaha, NE 68102, tel 402-

346-4750.

120 v

Fig. 4-3
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FOUR-STAGE 75-METER SSB SUPERHET RECEIVER

Prod Det/BFC

Mixer Qz Audo Amp
o 40673 Lu3B6
4 v PP N21 1 uF
i svep 07 Y 2 16 Ld 10 uF
37 to 40 MH2 B SHzn 9.000 Mhz G2 T2 . e 6V
. [++] o . 1M i c15i ¥ 42
. cs w0 6 \ F LY L B}; u
5;19 ‘ ", o ] PEAK J_ w R3 G s R6 10 k VT B-0
ANT k 1t = co b 22 & R 0.05 AF GA PHONES
E 0,
FEAK{ ,5’ 6.8 h 100 % c2p
7 F L4 Loz
17 A ee L3 FS RS
50 £2 3 50 100
150 82 c8 Lok
0.01
(RIS J
P tn 01
c?
o1
/—1:7 cle 4
10 v p=p ¥2 (LSH) 470 uF
= Ll
9.0015 MMz v
Oscillalor _
INgT4 o L "
3 Q3 22 T
02 NPFI02
5.0 to 53 MHz 2N4416 re 5
T A
Ly a0
100
|={ .
2 30 NPG €26 gll . +12 ¥ (30 maA)
- L Jces A1g - or
Tﬁ:,':,; ?{ Teze st L3 3 220 k 7 04w Except o5 indicated, decimal +9 V (10 mA)
100 CAL volues of copacitance ore
NPD 627 A in microferads (uf); others G2 Gt
are in picoforads (pF): @
rasistances are in ohma; ¢ o
5.0 MHz osc freq = 4.0 MHz RX freq /77 k=1000. M=1000 000. Ogs S
5.3 MHz 03¢ freq = 3.7 MHz RX freq fioly = Poiystyrene o
= 1, oz
NC = No Connection 63
Bottom View
ast Fig. 44

A simple superhet receiver for SSB reception in the 75-meter amateur band is shown. Y1 acts as a crystal filter.




IMPROVED CW TRANSMITTER KEYING CIRCUIT

-Lzrv a1 TO AMPS
o3} Ri
1 B
1U/L\
+ c2
I\ 1u
KEY
a) %
{) +12v N —AAN—)
. [ o] A5V N
12v é R7 REG tl cs R10
| RE 10K 10 T 10 1720

A4 7 100U/ 25V +12v KEYED
11 C4 & ms |
10K [
P2 10u/ 26V n RY
TIP 41
47 1-3v
o2 STANDBY B ma}

{0 KEYED OUTPUT VOLTAGE

1

&

D47y FILM 1K % T {us26v
— ) GND
1N4148 Ui l

w

| 9 Y VFO spoT
OFF-3ET

co40t1B

73 AMATEUR RADIC TODAY Flg. 4-5

Typical (A) QRP keying circuit; (B) Improved QRP keying circuit with CMOS T/R keying control.
Op amp U2b is a basic inverting amplifier with a gain of one. The capacitor C5 across the feedback
resistor R11 makes it an integrator. The RC time constant of R11 and C5 determine the ramp time.
The values shown will produce a 5-ms ramp. Use a good-quality capacitor for C5, such as a mylar or
polypropylene type. A power transistor is placed inside the feedback Joop so that the circuit can sup-
ply several hundred milliamperes of current. Control P2 sets the stand-by output veltage as seen at
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IMPROVED CW TRANSMITTER KEYING CIRCUIT (Cont.)

the emitler of Q1. U2a buffers the voltage from P2. This isclates the pot from the input of the inte-
grator. With the key up, adjust the pot until you just start to see an output from your transmitter,
then back it off a little. Typically, this will be hetween 2-and 4 V. Your output signal will now have the
proper 5-ms leading and falling edges and there will be no delay between key closure and the start of
the outpuf signal.

You must supply the op amp and colleclor of @2 with at least 15 V to produce a full 12-V output
on the emitler,

Parts list
R1,R4, R12 1kQUW Cl 0.01 uF disk
R2 47kQ AW c2 0.001 pF disk
R3, R8, R11 100kQ C3,C4 10 p¥, 25 'V electrolytic
R6,R7 22kQ Ch 0.047 uF poly-film type
RS 47 C6 1 uF, 25 V electrolytic
R10 10 Q C7 Skipped
Pl 100 kQ or 500 kQ trimpot  C8 100 uF, 26 V electrolytic
P2 10 kQ trimpot D1, D2 1N4148 diode
D3,D4, D5 1N4001 1-A diede
Q1 2N3904 NPN
Q2 Tip 41-te-220 NPN
U1 4(11B CMOS NAND gates
Uz LM358 dual op amp
ONE-CHIP AFSK GENERATOR
10uF 51k 51k
50 k
4 O AFSK
— L_ _ /%7 O output
/
+10 Vdc XR

o o1 w2206

1”9; WF T -
"

XR-2208
based
AFSK unit 50 k 50 K

L— O TTL level

/77

73 AMATEUR RADIO TODAY

O input

Fig. 4-6

Built around an XR2206 IC, this circuit will generate AFSK signals in the 1000- to 3000-Hz range.
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PROGRAMMABLE CW IDENTIFIER

S1 Control Settings

WrM 5 75 10
511 off  off off
S1-2 off  off on
81-3 oft  on  off

TIMER QFF 5 Min 10 Min

S1-4 off  off
S1-5 off  on
51-6—051 onfolf
§1-7—3Speaker onfoff

PC-Board Connactions

i3 15 8 20 25
off  on on  on en
on  off off on on
on aft on off an

Continuous
on on
off an

R2
10kl x 5 SIF
uz
D1 78LeS 1]
+ N 2N3508
N ouT
De | SND Play/Program
N 2 ) Q y
E T {0
u -
R2
B MTABI010 Inagan
AN ‘§spa  woRpS e FTT
2dsct  mrecRlt
3 H3
ne = RAZ
ne i1 raz 2
/_)_,—5 TEST  RAl |22
& seevgy Rao |23
el drao  osor |2
IR N AL & fran L) e _T_CZ’ R4 BS a3
Fl I ot 13 9 braz MCvpg 20 Iﬂ 180 180 2M22224 _
o Oy 12 D G 2 ne K
2l N It 1lras v b1
5 5 10 \ 12] RE5 17
5| s ~| ( ne f GND
o — | \\ 1Y ras %}
27 e 18 N L. e Red Yellow
~ 19 ne
N Y
s \\\ Lm
.
o] v
- L.2s
-1 Excep! oz indicated, dacimal values of
<1 ne 8—34-0 ta AT Keyboord capacilance are in microfarods [ wF };
an 4 others are in picofarods (pF J;
f 'O resistances are in chms; k=1,000
5
e
/—}—}_- R1 47kfx 7 r

ID—A momentary ground on this terminal causes the IDer o play ils message; same
as pressing the PLAY/PROGRAM pushbutton.
PTT—An open-collector output which goes to ground 250 ms before the CW output
@ccurs. This output is used to place radio in transmit mede and is monitored by the

red LED.

KEY—An open-callector output that goes to ground during CW kaying. This output
is monitored by the speaker and the yellow LED.

Fig. 4-7

The identifier uses an MTA81010 microchip, containing a 1024-bit serial EEPROM and a micro-

controller. It runs from a 9-V battery. A standard AT-type keyboard is used to program the desired
message. Speed varies [rom 5 to 25 wpm.

24



QsT

AUDIBLE SWR DETECTOR ADAPTER

Fwh

Except as indicated; decimal values of

uza
capacitance ara in microfarads (uF);
1 4
P /2 745629 others are in picofarads (pF);
25k 12 ext resistances are in-ohms; k = 1,000,
LMU::EBN 1ur
5 SN v T
b 13
ex2
Mg —
2EN
14 Kz
g 2RNG
- 270 % +5 v
1 10
fu:,t < are v u3a
. 1/2 LM3!
SENSITIVITY RGA s’ =an
5k
x o1 NVOLUME to 8 1o 372-0
47V Headphones
G4 W J
77 4 J 7
(&3
RFF
2 o
1 1/2 7415629
uta v vee iﬁ ﬁﬁ
10x1
[RYELT 2
T ez oo
il o 77
—-i 1RNG ZZR; « u3g
5}52 < 3 [P ki /2 LM3ISEN.
SENSITIVITY
(8)
U4 %
7805
Re
+7 1o ¢ W J 45V
+18 V SND + l
100 uF ca B cs 7 100 uF c7
= T o1 oV Tﬂ-l
aNo |
() FHeal Sink

Fig. 4-8

This SWR detector audio adapler is designed specifically for blind or vision-impaired amateurs,

but anvone can use it. Instead of using a meter (or meiers) Lo indicate antenna systern forward and
reflected voltages, this adapter generates two lones with frequencies that are proportional to the re-
spective voltages. The tones arc fed to a pair of stereo headphones (the miniaturc types are ideal} so
that one ear hears the forward-voltage tone and the other ear hears the reflected-voltage tone. Thus,
tuning up a transmitter is simply a matter of tuning for the highest-pitched tone in the left ear and

the lowest-pitched tone in the right ear.
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26

AUDIO BREAKOUT BOX

to L 12V

Power l
Supply
+12 ¥
UTA % Qut 1
Audlo TLOBS [Vh J2
I GAIN - 5
c
3 (o ):+ 1 o FIS
100 uF R4k 100 uF
T 100 k 18 v
+
+12 ¥ TI
RS
100 k
ute ut 2
o4 G 3
3 ¥
Ré*x 100 uF
100 uf WOk 1BV
16V
R8
100 k
i
wvy T
+12 ¥ ;
Out 3
o7 )
Ik ry
’ R1z % 100 uF
100 uF 100k 15 v
16 v
16 ¥ ca
+12 ¥ T
R13
100 uiD Out #
ciz
c10 =
3 +
R16 % 100 uF
100 uf w0k T
8Y & R4
100 k
1 uF 4
on
vzv LY T
c13
+
G5 oo 100 WF "o o7
) ot v
LS Qut
100 uf J8
18 v

Except as Indicated. decimal values of
capacitance are in microforads { uF );
athers are in picaforads { pF ):
resistances gre in ohma; k=1,000
NC=Not Connected.

3,4,57,1011,12

IC pins not shown ars unused. P iy
¥=See text.

Fig. 4-9



AUDIO BREAKOUT BOX {Cont.)

In many radio shacks, one receiver audio-output line feeds a multitude of add-ons, such as one
or more TNXs, SSTV moderns, PC plug-in boards, and, perhaps, speakers. Having to manually plug
the audio source from one accessory to another is inconvenient, if not frustrating as well. Overload-
ing the sources by connecting the loads in parallel isn't satisfactory, either.

The audio breakout box takes the audio output from a receiver (or other audio source) and ap-
plies it to the inpuls of four identical, independent, low-level AF buffer/amplifiers and one high-level
(1-W output) AF channel. Each low-level output channel can provide up to 20 dB of gain that's in-
dependently adjustable.

ONE-WATT CW TRANSMITTER

50 Ohm
Antenna

+9 to 13V

Qz cs u
10 u_‘F_ 2N3I906

c2

01 ufF  VNIOKM ce ¢7

Output Filter
ferrite
Bead *
Place small ferrite
R3 on gate lead of Q3

QsT Fig. 4-10

C6,C7 L1

820 pF disc ceramic (160 meters)
470 pF disc ceramic (80 meters)
220 pF disc ceramic (40 meters)
i50 pF disc ceramic (30 meters)
100 pF disc ceramic (20 meters)
82 pF disc ceramic (17 meters)

33 turns, #30, T37-2 (160 meters)
23 turns, #30, T37-2 (80 meters)
17 turns, #26, T37-2 (40 meters)
14 turns, #26, T37-2 (30 meters)
12 turns, #26, T37-2 (20 meters)
10 turns, #26, T37-2 (17 meters)
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PTT CONTROL FROM RECEIVER AUDIO

A = LM3I24

1“:1 R20
47K
R3
€1
2.2K K Q2
2Nz222
= c2z
TX) 100pF e
Avdio 4

Out

73 AMATEUR RADIO TODAY

Fig. 4-11

This system will key a lransmitter or other device that can he keyed by a relay closure. Audio is
amplified, limited, and is rectified and drives relay driver Q2 and LED indicator. The transmitter au-
dio outpui was used to feed a keyed transmitter and can be deleted or ignered where this feature is

TRANSCEIVER MEMORY BACKUP

unnecessary.
+ > —> »
Rl
470
172w
o]
h 4 ml400|
13.8Y INPUT
FROM CAR OR oz FoweR 1o
POWER SUPPLY ING GO
Bl
Lt
*
= 10 VOLTS
¥ (8 NICADS)
- % ] LY
e . r
73 AMATEUR RADIO TODAY Fig. 4-12

Although designed for a Kenwood TR7730,
this idea might be adapted-to other transceivers.
This circuit will retain the frequencies in memory
while moving the rig from car to house and vice
versa. When connected to an external power
source, battery Bl is charged through R1 and D1.
D1 prevents Bl from discharging when connected
to an external supply that is turned off. When ex-
ternal power is removed, D2 provides a current
path to the TR-7730 to retain the memory’s con-
tents. However, the TR-7730 power switch should
be turned off before external power is removed
because Bl will not provide power for normal op-
eration.
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80-METER SSB RECEIVER

Turie Control +1zv -
5K
Linear Tapar =
In A
1M4001
100K
) 1 rseos s
1000 100: EL 1004 F
; = v’ " 35V
MY¥203 100pF | N(i
}—-ﬂ B 7 6 &
| .0 L
- i T LM386 -
- i ‘ 20|19 18 17 Iﬁl_‘ 15 23 Tos
ost. : =

L

Ant p— T X MC3335P
3 I3 QSC.
— i 1 2] 3 5

T1 = T2 = Mouser 42F126
X1 - X4 = 5185 MHz HC 49U Holder =

4.7uF . .

| 5k Audio Gain
|H Linear Taper

axisl lead

47pF HMouser PN: 332-1052 a)
4 - 40pF 47pF | |
J:_ 7 1uF

18

MC3335P

omit Change
VA (9 volt Reg) C -From 100sF NFO Lo 47pF NPD b)
< 10 F Cop

A 100K
vt MV209 VYaricap Dicde

73 AMATEUR RADIO TODAY Fig. 4-13

This circuit uses an MC3335P IF chip and features a 3-pole crystal filtcer made from micro-

processor erystals. Tuning is done either with a varactor diode or air-variable capacitor, as shown.
Values are for 80 meters.

CW AUDIO FILTER

245H B3TH

3z A47H
1. 52 57GI
5.80

g4
uE 189H

A““"’ n Audio Qut

Ill—l

73 AMATEUR RADIO TODAY Fig. 4-14

A high-performance passive filter. The center frequency is 700 Hz; -3-dB bandwidth is 200 Hz.
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RF LINE SAMPLER/COUPLER

#18 wire passed
through toroid

RF Infout RF Infout
@ ?
bod l P =10 W max.
T1 = 0.375"
Freq, range = 2 to 30 MHz dia. core ' ~20-dB Tap

Ferroxcube ? autput

4C4 material 1
514} =
4 W

Toroid = 10 Turns
#28 enamel =
WILLIAM SHEETS Fig. 4-15

Suitable for RF line sampling, this coupler is useful where an indirect measurement of line cur-
rent is needed. A 10:1 turn ratio yields a secondary current about s (ideally) of the line current. A
51-£} resistor terminates the secondary. Insertion loss in the main line is negligible, < 0.1 dB. For
higher power levels, use proportionately larger core for T1.

BATTERY PACK AND REVERSE POLARITY PROTECTION

s F1
+ 1A
o 1 o o—
N |
5.
External + Internai
Power or — 12-V o1 ?utput .to
Battery T Gel-Cal) IN5400 I ransceiver
Charger 7 A-h Battery -
N4
e, I
asT Fig. 4-16

Schematic diagram and parts list for the reverse-polarity protection circuit (optional).
D1 1IN5400 silicon diode
F1 1-A fast-acting fuse
51 SPST rocker switch
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SIMPLE IDENTIFIER

] +3.5 to

B v
uz
7AL06
= R
=g Key Indicator

N ouT
l GND P4
o /—J_] o u
0.1 pF Q1 pF PICI6S4 ™
RC/P 1k0
18
3 RA Xy Out
RTCC
Rag
14 at
PDIF, SOIC, . Voo —9- 2N3904
CERDIP Window s
oset 3
- RAZ []e 18 ':] YR p—— ¥s3 10 kid
5

- —m RA3 2 piciscs4 1‘._’ RAC ~a—a- )
——= RTEC 3 PICIECEE 16l 0801 -4 Re
—= TR [+ 15[ oscz/clkaut —— 100 Q1

P
— vwgs 5 1417] vpp - SPEED
- RE0 []6 13] RB7 -

ot
- rm1 [ 12{7] RBE -—= ::22pr
«— Rz {8 1] R8BS =
~ = RE3 [J9 107] RE+ = »=

. IC pins rot shown ars unuzed.
QsT Fig. 4-17

This identifier uses a PIC 16C54 microcontrolier which must be programmed for your desired
identifier.

TRANSMIT KEYER INTERFACE CIRCUITS

Driving the input lines
+5
TTL or 5-voit . I
CMOS gats M”h:‘gﬁf
to MSG, TONE (closed = 1) to MSG, TONE
or SPD lines or SPD lines
10k to
100k
Connecting the keying output .6
rszz'r.l.ly
To xmitter key I To xmitter key
cannection ( connecion
From KEY FrrilthEY
output outpul
haase,
e
73 AMATEUR RADIO TODAY Fig. 4-18

These circuits are for use with Morse keyers and identifiers. They can be used to interface vari-
ous devices with the identifier circuitry.
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MOBILE RADIO ON-ALARM TIMER

K1
+ Voltage Fuse Hormally Open

—o e Mobtle
From Auto Battary L_m N 03]
AN quip
D2 D2 white A |
13.8Y AN4148 TN4148 =2}
o 1 » e 5

“"Het" When w _L c4 [}
Ignition ) R1 R 3
og:. ion 15 nt Ra I § Toggle Bypass Sat
(] = S1B 82
A Toggls T
’ 14 Bypass | On Normally Opan
4 o 1 ©
LED 1 : g
Green L —
- 13.8¥
0—:|:_ K 26 7 -48
T [
L NE555
- 15
L [
c3
.t 1
“RE Time Delay 4
1M 2.5 Win.
2.2M 4.5 Min, Piezo
5M 12 Min,
10Mm 25 Min.
73 AMATEUR RADIO TODAY Fig. 4-19

This system will prevent you from aceidentally leaving your mobile radio on, draining the battery.
LED!I will light when the vehicle’s ignition is on, or while the car is running. Switch S1 in the ON po-
sition will close relay K1, completing the power circuit to the equipment. If the ignition switch is shut
off, and switch S1 is still in the ON position, an alarm (piezo) will begin to beep and LED2 will flash.
Returning S1 to the center position will shut everything off, If equipment operation is desired after
shutting off the vehicle, you ean place switch S1 in the AUTO position and momentarily press S2, a
normally open push-button switch. Depressing this switch begins a timing cycle. The length of time
that the Mobile-ON alarm/fimer operates before shutting everything off can be “progranuned” by se-
lecting R6. The approximate time delays are provided in the chart with the schematic. Or, you could
change the value of C6. These components control the holding time of relay K1, LED3 will light while
the circuit is in AUTO status. Incidentally, you can also cancel the time delay at any time during the
delay period by simply switching it off,

32



5

Amateur Television (ATV) Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

5-W ATV Transmitler [or 440 MHz

B-W ATV Transceiver

Mini ATV Transmitter

Dummy Load and Video Detector for Transmnitter Tests
Mast-Mounted ATV Preamp

Three-Channel 902- to 928-MHz ATV Transmutter

ATY Downconverter for 902 to 928 MHz
Three-Channel 420- to 460-MHz ATV Transmitter

ATV Downconverter for 420 to 450 MHz
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5-W ATV TRANSMITTER FOR 440 MHz

cia

15

1pF L 20pF 1pF o
J—p oy
aé c1
2-10pF
M
i i)
= ciz
2-18pF
R19 =
4700 Rl g
1 o
BEEY
'} A3z SOUND DISABLE
Pk (OPTIONAL) [TOTPA—f————————— —— — — — i e e =
RF POWER AMPLIFIER 1
o-—mni : £20 L L9 " L1 112" 1 fIF GUT (50
_ . | o 3pF ot u aa allLN K o Tgﬂrm#a
1 - 4 RF662 3] ELAY
R K +0pF L IF 1
100K | ayaces T | £.50F |
= AUDIO [ AUDID ’ I ‘cno -«
aaN AMP | -7PF f
: | oo e | |
iy 3K 4 2-10pF 1orF |
1t 1 |
R2B |
wf  Pes 2 628 1
u 220k 47K 1 4.7pF |
| |
£ = I ¥ |
ps 00000 1 Thagp] e e e e e ———— — e e e —  — — — ——— — -
w2z
ol
ca -
"
Foa | oo e, 3
nos & 407 i
K d i
-+ LINEARITY
R24 £
w § ‘g
i
) =
VIDED | 00 KN e o4
T W st = Aoz SEE TEX
g " Firiaid i
wa¥ IDEQ VIDES o j_. If:mv
AMP . WPUT

ELECTRONICS NOW

Fig. 5-1

The circuit will produce typically 6 W RF output on synch tips. A crystal oscillator drives a doubler to produce a 220-MHz output.
Ancther doubler produces 440 MHz to drive the power amplifier. A high-level series modulator provides the video modulation capa-
bility. A sound subcarrier is generated using a VCO circuit and combined with the video information. A complete kit of parts, includ-
ing the PC hoard, is available from North Country Radio, P.O.Box 53, Wykagyl Station, New Rochelle, NY 10804-00563A.




5-W ATV TRANSCEIVER

ANTENRA Az A40 PS
RELAY 120-450MHz 70K 2906 P4 2V
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ces a7
LINE 7 AT0uF 0
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ouTeuT R (- SEE PARTS LIST)
ELECTRONICS NOW Fig. 5-2

For the transmitter schematic (part of this transceiver), see entry entitled “5-W ATV Transmit-
ter for 440 MHz, Fig. 5-1.” The downconverter portion is shown here.

This transmitter contains both a video and sound section. Five to six watts PEP on synch tips of
NTSC video are produced. Three channels are available. Channel switching is via PIN diodes. Power
supply voltage is 12 to 14 Vde. The receiver function is provided with a downconverter circuit and is
tunable. A relay is used for T-R switching. A complete kit of parts, including PC board, is available
from North Country Radio, P.O.Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A.
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MINI ATV TRANSMITTER
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Fig. 5-3
This low-power NTSC video and sound transmitter is useful for amateur radio, video handie-talkie, R/C and surveillance pur-
poses. A crystal oscillator-multiplier RF power amplifier. Video modulation is via a three-transistor series modulator. The sound
subcarrier is generated with a VCO circuit and is combined with the video information. The outputis 0.4 to 1.2 W with supply volt-
ages of 9 to 14 volts. A complete kit of parts, including PC board, is available from North Country Radio, P.O. Box 53, Wykagyl Sta-




DUMMY LOAD AND VIDEO DETECTOR FOR TRANSMITTER TESTS

. 1kQ
Input 5 pF chip oW Output
Max. input (E j/? To scope
+16 dBm = = 1 MO /20 pF
HP 5082 BW 75 MHz

100 MHz 10 1.3 GHz

"WILLIAM SHEETS

T 1000
chip resistors

2835

Fig. 5-4

This circuit is useful as a video modulation monitor for testing low-power video transmitters. For
higher power inputs, use a suitable attenuator between the detector and the source. The detector
should he conneected to scope with as short a cable as possible Lo preserve video bandwidth.

MAST-MOUNTED ATV PREAMP
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73 AMATEUR RADIO TODAY
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Fig. 5-5

This simple ATV preamp covers the 427- to 439-MHz ATV frequencies and can be mast mounted

and dc powered through the feedline.
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THREE-CHANNEL 902- TO 928-MHz ATV TRANSMITTER
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This transmitter is for ATV applicatlions in the 902- to 928-MHz band. It has three crystal-con-
trolled channels, and will accept standard NTSC video input. It alsc has a 4,5-MHz sound subcarrier.
Because this is an AM transmitter, audio can be transmitted as AM on the RF carrier, Simply use the
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Fig. 5-6
video input. Bandwidth of audio can be restricted to 20.kHz by placing a capacitor with & value of
about 0.002 pF across R34. The output is 1.5 to 2 watts PEP into a 50-€2 load. A complete kit of parts

including PC hoard, is available from North Country Radin, PO. Box 53, Wykagyl Station, New
Rochelle, NY 10804-00563A.
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ATV DOWNCONVERTER FOR 902 TO 928 MHz
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This downconverter converts ATV signals in the 902- to 928-MHz range to a 61.25- or 67.25-MHz [F
output frequency (CH 3 or CH 4) 10 cnable reception of these signals on a standard VHF TV receiver or
manitor. It features a low-noise RF amp [eeding a Schottky diode double-balanced mixer, a tunable LO
and one IF precamp stage. The RE amplifier is a low-noise dual-gate GASFET that is followed by a sec-
ond RF stage using an MMIC. Five tuned circuits are used in the RF amplifier. This feeds a packaged
Schottky diode mixer assembly for better dynaric range and reduced susceptibility to intermodulation
and strong signal areas. The on-board local oscillator (1.0) is voltage tuned and if desired can be set up
for remote tuning. All necessary circuitry for remote tuning is on board for coax de and IF feed. This en-
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Fig. 5-7

ables the downconverter to be mast mounted to get around feedline losses generally associated with this
frequency range. No separate de feed is necessary because the coax (RG5Y/U recommended) carries de
power, tuning voltage, and IF signal. A dc block is used at the receiver for the purpose of separaling dc
voltage supply and the tuning voltage. This allows a cable run of several hundred feet, if needed.

By using this downconverter and transmitter, a physically small 915-MHz ATV station or even a
video HT can be constructed because both units are each 2,50 x 4.00 inches x 1.00 high, and can be
stacked together. A complete kit of parts, including PC board is availablc from North Country Radio,
P.O. Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A.
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THREE-CHANNEL 420- TO 450-MHz ATV TRANSMITTER

D1-D3
MPN3404
1
Fraq. 2 2k L o ce st
selostor W\’TD‘— 2.2 33 Multiplier
=] NPO  NPO
. | .
R2 l c3 l ] 1 co
Fo 2:2k0 b2 18 L2 L3 R8 2-10
NPO 31T 31/zT 100 L pF
X2 o =
I = Qz
A3 = MPS3866
cz C4
F3 22k & NPO 0.01 c7 Ay
56 pF I ne S6PF og =
X3 = 1 1 A NPO ;
T R4 = = = 100 kid
= 1k il
F
Common = RF exciter section

Sound ﬁ

subcarrier
switch J
can be used
it J removed
R29
680 £}

C40

caz _T_+ :Lcsa D6

R26
50V cas 100 kQ 106F T T o IN757
1uF  Roy =
= 50¥ 1ok MV 2112 | as
| MPF102 I
be 037 035 y
Q4 c38 2 18 68 c42*
2N3505  0.0022 L13 (NPO) 22pF .
R3330 rF I Toroid
C36
kO I i = 120 Rad R20
4.50r 1 k€Y Video gain
= = 5.5 MHz (NPO) g
Linearit
NTSC or PAL nearty
L video in R22 =
Audic in IVPP 75 0 82 0
(NEC synch}) >_J_
Audio gain - -
5mv-1V
RMS — *C42 1 to 3.3 pF can be used to vary subcarrier level.

RUDOLF F. GRAF AND WILLIAM SHEETS

This transmitter is a 2-watl PEP output device for 420- to 450-MHz amateur TV operation. It has
three crystal-controlled channels and will accept standard NTSC video input. It also has a 4.5-MHz
sound subcarrier capability. Because this fransmitter has AM modulation, audio can be transmitted in
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Fig. 5-8

AM form on the RF carrier by applying audio to the video input. Bandwidth of audio can be restricted
to 20 kHz by placing a 0.002-uF capacitor across R34. A complete kit of parts, including PC boardis
available from North Country Radio, PO, Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A.
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ATV DOWNCONVERTER FOR 420 TO 450 MHz

! RF AMP - — i MIXER ——— IF AMP
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This ATV downeonverter converts the 420- to 450-MHz ATV band, which is several channels be-
low the lower limit of the [THF band, to channel 3 or 4 for viewing on virtually any TV. The down-
converter has a low-noise preamplifier stage and a double-balanced passive mixer for good
performance and a wide dynamic range. That is necessary with today’s crowded UHF bands. The
converter draws about 27 milliamperes from a 13.2-volt dc source, so il can be used in portable and
mobile applications. An extra IF stage gives an overall gain of about 25 dB. A block diagram of the
downconverter is also shown. A complete kit of parts, including PC board, is available from North
Country Radio, PO. Box 53, Wykagyl Station, New Rochelle, NY 10804-0053A.
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ATV DOWNCONVERTER FOR 420 TO 450 MHz {Cont.)
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6

Amplifier Circuits

The sources of the following cireuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section,

Operational Transconductance Amplifier with Booster
VCR Head Amplifier Tester

Lowpass Amplifier

Highpass Amplifier

ISD 100CA Record/Playback Circuit

Remaote Amplifier

Programmable Gain Amplifier

Programmable Input Amplifier

Remotely Powered Sensor Amplificr

Tuned Amplifier

Difference Amplifier with Wide Input Common-Mode Range
Bandpass Amplifier

High-Side Current-Sensing Amplifier

High-Input Impedance ac Amplifier

-MOSFET Push-Pull Amplifier

Low-Voltage Microphone Preamp

Basic Logarithmic Amplifier Using Op Amp

Crystal Tuned Amplifier
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OPERATIONAL TRANSCONDUCTANCE AMPLIFIER WITH BOOSTER

1/4 DPA4D
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ELECTRONIC DESIGN Fig. 6-1

Implementing a bidirectional precision current amplifier in an operational transconductance am-
plifier {OTA) can boost the OTAs outpul current. To accomplish this task, two diodes and a comple-
mentary stage are added to this otherwise simple design.

47



VCR HEAD AMPLIFIER TESTER

e
A

S MECHANICAL
ALIGNMENT PROBLEMS

i \

— =\
N

L WORN OR BAD HEADS,

e ROTARY TRANSFORMER OPEN/SHORT

\ | [N PROBLEMS IN PREAMPS OR HEAD SWITCHERS.
R !

Vi : ]
i i
f

IMPROPER WAVEFORMS. Waveforms a-d are caused by mechanical misalignment
of the tape guides. The waveforms in e and f indicate proper alignment, but show that
there's a problem with either the video heads, pre-amps, or head switcher.
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This amplifier enables you to use a signal from a working VOR to test the head amplifiers of a sus-
pected defective VCR. The circuit is basically a video amplificr.
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LOWPASS AMPLIFIER
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HIGHPASS AMPLIFIER
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ISD 1000A RECORD/PLAYBACK CIRCUIT
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ELECTRONICS NOW Fig. 6-5

This circuit uses the Information Storage Devices [SD1000A chip (Radio Shack P/N 276-1325).

REMOTE AMPLIFIER
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PROGRAMMABLE GAIN AMPLIFIER

Digital control inputs

A B c D

L

R2

R3

\

R4

4 RS

11

Output
o)

Rs

AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW-COST IC PROJECTS

Fig. 6-7

The gain of this amplifier is % /R, where E, = effective value of resistance selected by the digi-
tal R1 inputs.

IC1
IC2
R1
R2
R3
R4
R5
R6

op amp

CD4066 quad bilateral switch

1-kQ, %4-W 5% resistor
10-k€Q, %-W 5% resistor
4.7-kS, M-W 5% resistor
2.2-kQ), 44-W 5% resistor
1-kQ, %-W 5% resistor
2.2-kQ, i-W 5% resistor
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PROGRAMMABLE INPUT AMPLIFIER
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AMPLIFIERS, WAVEFORM GENERATORS & OTHER LOW-COST IC PROJECTS Fig. 6-8
This amplifier has eight inputs selectable digitally.
IC1 CD4051 SPS8T bilateral switch R1 10-kQ, 4-W 5% resistor
1C2  op amp to suit application RZ  22-kQ, ¥%-W 5% resistor
Cl1  0.1-pF capacitor R3  18-kQ, 4-W 5% resistor
Sl SPST switch
REMOTELY POWERED SENSCR AMPLIFIER
+5V
o TWISTED PAR
X X=X
z ':\r
- M‘%'_
MAYH0E
3 V
R2
5000
% A
s = =
MAXIM * Fig. 6-9

For remote sensor applications, this circuit enables use of a single twisted pair.
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TUNED AMPLIFIER
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GAIN 1d8)

1
HIGH CORNER FREQUENCY = FH =
e NG () -40)

015 AFUNCTION OF PARASITICS OF LiAND G M 10M 100M
FREQUENCY (r2)

&

Figure A Tuned Amplifier Figure B Tuned Amplifier Gain vs. Frequency
MAXIM Fig. 6-10

This eircuit is a tuned amplifier circuit, tuned to the resonant frequency of the LC transconduc-
tance network:

. 1
Fom—
ZE\/LLC-t

The impedance of the transconductance network is a minimum at the resonant frequency, pro-
viding maximum amplifier gain at that frcquency. The @ of the amplifier is a function of the parasitic
components associated with the LC network. The graph is the frequency response of the circuit, with
L, =293 uH and €, = 9.9 pF.

DIFFERENCE AMPLIFIER WITH WIDE INPUT COMMON-MODE RANGE

VREF

Fq &
Tk

GAIN = 1. ¥y = Vaer FOR ViyipiF = 0
+10¥ COMMON-MUDE RANGE
BANDW!IDTH = 3MHz

LINEAR TECHNOLOGY Fig. 6-11
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BANDPASS AMPLIFIER

18
12
6
Vout 0 \‘-
=) -6 l"
=
£ /[
LOW CORNER FREGUENCY = ! N Rt 2 hcurt
=Tt 1 (2m3 (Ryp (S -24 / Loy = 1005
BOLE FREQUENCY = Fp = Ci = 20nF
Y < o0 4 =20
PASSBAND GAIN=K[%!'-] -3, e
J 1 10k 100K ™ 10M 100M
FREQUENCY {Hz)
Figure A Bandpass Ampiifier Figure B8
MAXIM Fig. 6-12

The circuit A is a bandpass amplifier, with the low corner frequency set by the impedance of the
transconductance network. The high corner frequency is set by the impedance of the RC network at
the amplificr output. The passband gain is (k) x (R, /E,). Figure B is a plot of the circuit in Figure A,
with B, = 100 Q, C, = 20 nF, R, = 25 Q, and C, = 395 pF.

HIGH-SIDE CURRENT-SENSING AMPLIFIER

CHANGE SENSE RESISTOR

Q.05 # TO CHANGE SENSITIATY To
v VWA ’ MEASURED
0.1uF CIRCLIT
3, =
LIc1152 : A VY
Wt
L 3
p: our
100k 1¥/100mA
W LOAD CURRENT IN
MEASURED CIRCUIT
< 0uF
3 I
GND * GND
LINEAR TECHNOLOGY Fig. 6-13
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HIGH INPUT IMPEDANCE ac AMPLIFIER

p OUTRUT

X1=
TRANSDUCER

! R4
2 510 182k
x & 1%

%
A2 R2 + R3 + R4
l Rin m(”n_a)' AT
=

NATIONAL SEMICONDUCTOR Fig. 6-14

This figure shows an op amp used as an ac amplifier, It is unusual in that de¢ bootstrapping is used
to obtain high input resistance without requiring high-value resistors. In theory, this increases the
output offset because the op amp offset voltage is multiplied by the resistance boost.,

But when conventional resistor values are used, it is practical to include R5 to eliminate bias-
current error. This gives less output olfset than if a single, large resistor were used. C1 ig included to
reduce noise.

MOSFET PUSH-PULL AMPLIFIER

+15V

i

$100kQ
VMP-1

1N914 1IN914

IMi01a$ 5k INOM
i aa o
100 ) VMP-1
10 k2 R 2=200
<10 ki) L
- oL -
b
—-15V
MCGRAW-HILL Fig. 6-15

This amplifier can be used for audio or as a driver for inverter service.
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LOW-VOLTAGE MICROPHONE PREAMP

Zoyr -~ 6800
85 kHZ

Ay S 1k
fy ~ 100 Hz
Iz ~ 5 kHz
R ~ 500
*max gain tim
NATIONAL SEMICONDUCTOR Fig. 6-16

A microphone amplifier is shown. The refer-
ence, with a 500-kHz unity-gain -bandwidth, is
used as a preamplifier with a gain of 100, Ifs out-
put is fed through a gain-control potentiometer
to the op amp, which is connected for a gain of
10. The combination gives a 60-dB gain with a 10-
kHz bandwidth, unloaded, and 5 kHz loaded at
500 Q. Input impedance is 10 kQ.

Potentially, using the reference as a preampli-
fier in this fashion can cause excess noisc. How-
ever, because the refcrence voltage is low, the
noise contribution, which adds root-mean-square,
is likewise low. The input noise voltage in this con-
nection is 440-500 nV Hz, about cqual to that of the
op amp.

BASIC LOGARITHMIC AMPLIFIER USING OP AMP

See

text

RV (NPN)

10k
ViN O———Wr S Y 6
5| 741 ——olog Viy
GND @ ~ A 5
iy »

10k

ELECTRONICS NOW!

Fig. 6-17

This logarithmic amplifier uses a single op amp. The current. in the feedback loop of the op amp
is equal to the current flow at the input of the op amp.
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CRYSTAL TUNED AMPLIFIER

CENTERFREQUENCY =F¢ = CRYSTAL FREGUENCY

Crysial Tuned Amplifier

40 T T T T T
RESPONSE OF FIGUAE 16 CIRCWT
30 CRYSTAL FREQUENCY = 2SMHz -
RL=2500
20
10
T o
=
A0
20 /
.‘D‘
' FREQUENCY [MHZ) 00

Crystal Tuned Amplifier Gain vs. Frequency

MAXIM

Fig. 6-18
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7
A/D Converter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

High-Speed A/D Converter System
A/D Converter for PCs
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HIGH-SPEED A/D CONVERTER SYSTEM

ENCODE O 9| T4ACTO4 r—_L
10 % 500 % 10pF
ENCODEA  ENCODE B
Ia— +Vs 5,822, sy
v ETR A TR S o1ur
ANALOG 3240 REF 8 n
IN A O—"WW—4 6 RZ1
0.5V ! A2 A, ou, s |22 z —
1 3kn b 7 o
F 18 . .
-2y Vit ! 15 . Bjoa
014F 2okn i 14 . T Kt
A 6 +YREF & | 13 %
43 ! L 2 ™~
A 20kS2 0. 1HF Vagr 5 | 12 .
: D, (MsB) |1 .
1:3k82 Sl
3 AD9058 " Az T
1 (LEAD)  Dog (LSB) |- .
.ANALOG 3241 | .
INB o—AA—t X » o
+0.5V A | 21 o Ale
N6 | 2 T
33 * 2
1 f . [
-r- COMP | M .
0.1uF 0y (M5B} |2 'y
6 g 7,20, v S— A
RZ1, RZ2 = 2,0001) $IP (8-PKG) .39
01pE 1N400Y
4,19, 2%25. 27, 42
ANALOG DEVICES Fig. 7-1

The AD8001 is well suited for driving high-speed analog-to-digital converters, such as the ADS058.
The AD9058 is a dual 8-bit 50 Msps ADC. In the circuit shown, there are two AD8001s driving the in-
puts of the ADI05{8 which are configured for 0- to +2-V ranges. Bipolar input signals are buffered,
amplified (~2x), and offset (by +1.0 V) into the proper input range of the ADG, Using the AD9058's
internal +2-V reference connected to both ADCs (as shown) reduces the number of external com-
ponents required to create a complete data acquisition system. The 20-Q resistors in series with ADC
input are used to help the AD8001 drive the 10-pF ADC input capacitance. The two AD8001s only
add 100 mW to the power consumption while not limiting the performance of the circuit.
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A/D CONVERTER FOR PCs
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T L 1 T
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POPULAR ELECTRONICS Fig. 7-2

An ADCO804 A/D converter converts analog data to digital. This is fed to a 74165 8-bit shift reg-
ister and converted to serial data, U3 provides a baud-rate clock. U4A and U4B are used to generate
start and stop bits needed at beginning and end of each dala word.
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8

Antenna Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Remote Tuned Active HF Antenna

Miniature Broadband Antenna (3 to 30 MHz)
FM Auto Radio Diversity Antenna

Tunable FM Antenna Booster

Matchbox Antenna Tuner

Antenna Tuner

Active Antenna for TJHF Scanners
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REMOTE TUNED ACTIVE HF ANTENNA

J2
To Ref
Ant : é Ja
SW-1a
. J3 -001 ‘To Revr
To Active :
Ant H
{SW-1b

+
12V

10K

+ Variabla Vaolts
To Varactor

p R T

PC board pattern and parts placement diagram.

BS170P
Ant.
ot 85170

8] 2 Ta Recyr
Coupler J310
MPF102
= 220 0
G
5
™ =
3]
(508 lexi} I 1
+ Varkable SGD 0Gs GS0
Velts es17o BS170R MPF102
Jato
Hottom Yiew
73 AMATEUR RADIO TODAY Fig. 8-1

An MV1662/S varactor diode tunes this active antenna/preamplifier. R1 varies gate bias on the

B5170 FET. T1 is a 3:1 toroidal winding suitable for the frequencies of interest.
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MINIATURE BROADBAND ANTENNA (3 TO 30 MHz)

C J
L A0 200 pF ~L
20k 100k 5% 120k 5%
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Dot
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1 1
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————————————————————————— il
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0.05 uF v
Receiver Antenna
m
1mH
4V @18 mA |-i
105uF —
ELECTRONIC DESIGN Fig. 8-2

A short dipole antenna and impedance converter combined Logether can be rotated to null out
an interfering signal. The converter supplies a tremendous current gain so that the voltage appear-
ing at the dipole’s output eventually drives a 76-0 load.
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FM AUTO RADIO DIVERSITY ANTENNA

—
= o7 ;: C6 = 05 == G4 A0zt C23A
oo Rt T 001 w1 Re oo Toor o011
AAvAr A'A'Av ARk
A23 i R27
2 AR s[> B
B , y
3 5 103t
1G3-a
e Tt vaar
A2d & R8¢ | R33 Rz &
18 ¥ 1ek¥ | 100K irres cor ==
+12v 8H0pF
4 RS A
B 1.8 G
b 1.8 10uF
WA My 033
L3 16y, me
R19 - [

5 100 L ) Lo E4
AT~ Pt c3 14 3
P -n-. - LN

g A1 i LED3 (% 390pF | AL e
10K (PILOT) c2 9 C1 4
+ W 033 LM1goes  LORE-
+ LEDT SR | m=Ci2
f?zusF e (D Fix | Tao Lud T Rof 2
: RO
-—1—0 CLR Q 8 \@ R18 4 3.3¢ il MON HL'G—
ek ez — LK s ¢ 1 L
Eln 7acT4 . AERE 8 A ol P
_ 20K ¥
Adpn G Y (FREQUENCY == 068 THRSH s
LED? SEn
~ | {ANT 1)
+ cirsR
A = bpss | gA3 S
1508 £8 ¥ ask > K Mo R CLR
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ELECTRONICS NOW

A second antenna, inslalled on your vehicle as far away from the original equipment antenna as
practical, provides the second M signal. The figure is a simplified block diagram of the diversity system.

The cables from both antennas are connected to the electronic antenna switch. The 19-kHz pi-
lot signal from the receiver’s audio cutput is passed through a high-gain bandpass active filter, which
attenuates audio programming that is much stronger than the pilot signal. After amplification, the pi-
lot subcarrier becomes the reference frequency for a phase-locked loop (PLL) circuit. The output of
the PLL locks to the 19-kHz pilot signal and functions as a subcarricr detector. When the reference
frequency becomes noisy, the PLL will lose “lock™ ard trigger the flip-flop, whose output switches the
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FM AUTO RADIO DIVERSITY ANTENNA (Cont.)

state of the electronic antenna switch. This action switches the altcrnate antenna into the system
while disabling the original antenna.

Tf that second antenna is positioned for better reception, the received signal will clear, and the
PLL-will again lock to the subcarrier and hold the switch in that state until the pilot signal drops out
again. If the second antenna does not restore the pilot signal reception after a 0.1-second delay, the
primary antenna is switched back on.

When the radio is receiving AM, the absence of the 19-kHz subcarrier will also reactivate the pri-
mary antenna that is tuned to the receiver for the best AM reception.

TUNABLE FM ANTENNA BOOSTER

ANT{
(NOTE 1) 2R R 3 P4
r2.2K 220K € 22K 5 OUTPUT
A1 WA, F {NOTE 3)
290K ca cd K3°P o

FyYYy ‘
L aas - TP2 5p(F ?F m) az .
TP \Ih, L1 7Bt
ai (NOTE 2) ce v
F

2N3004| C1 + 4.5-6 L1 e
4.5-650F . - * (NOTE 2)I
10uf 30pF st
- 7
NOTES: 1.1 ELEMENT OF INPUT RABBIT EARS, =

2. SEE TEXT FOR WINDING INSTRUCTIONS
3. TO ANTENNA OF FM RECEIVER
4. VOLTAGES AT TEST POINTS: TP1=0.68V, TP2a3 85V, TP3=0.68V.

ELECTRONICS NOW Fig. 8-4

This two-transistor amplifier circuit with tunable tank circuits boosts the distanl FM signals.
Coils L1 and L2 are 1% turns #20 AWG bail tinned wire wound around a %" diameter mandrel.
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MATCHBOX ANTENNA TUNER

Gy Ca )
g ~ ‘
I Unbaionced
/I; [’]I ;g ; Outputs
lrput P SO "_,t—__‘) Balanced
! 7 | | Output
j |~
: E ;‘[ *i 4+ l) Ground
\ - /‘;7L< 3
| J A~ ; g |
| ) L
I “—[ * l } Balanced
P ? Output
QsT Fig. 8-5

C1 is a split stalor capacitor and C2 is a dual differential capacitor. The top unbalanced output
connection is used for high-impedance unbalanced loads, and the other is used for low-impedance
unbalanced loads. In the latter case, the unused balanced load connection is grounded.

ANTENNA TUNER

Input 15 uH

FZ d

500 pF 500 pf
LT T

Unbalonced
Cutputs

|1

TA A
AA

?é S00pF

l] Groung
77

QsT Fig. 8-6

This is a circuit diagram of the Collins Model 180S-1 antenna tuner. Three unbalanced configu-
rations are available, two of which form an L-network and the other is a n-network. The tuning-range
is impressive.
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ACTIVE ANTENNA FOR UHF SCANNERS

i )
»* Weather
Coaxial i I 0.01 uF E/ proof
feed " L case
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3y % 3 I o
| 3 turns #22 |
! 1/a" dia. X */4" long I Up to 50 0.001
I : RG/8U coax wF
| £ + 1 E To
i [ | rovr
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12" or side i 1 = =
WILLIAM SHEETS Fig. 8-7

This active antenma is a ¥-wave dipole mounted in a 12" x 12" x 12" 90° corner reflector. A built-
in active preamp 1C1, fed de through the RF coaxial line, provides 15 dB gain at 900 MHz to offset ca-
ble losses. This provides superior reception for scanners covering the 800- to 1000-MHz range.
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9

Attenuator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Switchable Power Attenuator
Variable Voltage Attenuator
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SWITCHABLE POWER ATTENUATOR

XCVR K1Al |K2A ANT

Attenuator

+12v}—Tj

#Leuoi

77

asT Fig. 9-1

Schematic diagram of a switchable power attenuator that can be used to reduce the power aut-
put of transmitters that don’t have ALC lines.

Values for 10 and 20 dB:
10dB: R =R,=91Q
R, =75 Q nearest standard values

20dB: R =R, =62Q
R, = 240 & nearest standard values

Note: R1 must handle the largest share of the input power, and R2 somewhat less. This depends
on attenuation selected.
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VARIABLE VOLTAGE ATTENUATOR

10
- RF AMPLIFIER
RF D3 OR MiXER
. BANDPASS pt a1
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b = R2 C3 [V +12VDC
4700 A Rz = \
- RF 10K
BANDPASS ot 4 MW
FILTER NO.2 D2
<1 PIN Lo
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ATTENUATOR
" POPULAR ELECTRONICS Fig. 9-2

The front-end of this circuit is a bank of selectable bandpass filters. The output of the filter banks
are shunted to ground via capacitor (C1) and PIN diode (D1). The PIN diode acts like an electroni-
cally variable resistor. The resistance across the diode’s terminals is a function of the applied bias
voltage. This voltage, hence the degree of attenuation of the RF signal, is proportional to the setting
of potentiometer R1. The series resistor {R2) is used to limit the current when the diode is forward

biased. This step is necessary because the diode has a very low resistance when a certain rather low
potential is exceeded.
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10
Audio Signal Ampilifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuil correlates to the entry in the Sources section,

Vacuum Tube Audio Amplifier

Micropower Linear Amplilier

NB FM Audio Amplifier

Two-Transistor Audio Ampilifier

Personal Stereo Audio Amp

Transistor RIAA Preamp for Magnetic Phone Cartridges
Dynamic Microphone Preamp

Balanced Microphone Preamplificr

RIAA Line Amplifier/Driver

Single-Ended HI-Z Microphone Preamp

Low-Level Audio Amplifier

Simple 20-dB Gain Audio Amplifier

High-Gain Dynamic Microphone Preamplifier

FET Phono Cartridge Prcamp

Simple High-Gain Audio Amplifier

RIAA Preamplifier

Basic Complementary Class-AB Single-Supply Amplifier
High-Impedance Microphone Input Circuit
Elcetronic-Ear Low-Noise Audio Amplilier {for Parabolic Dish Mikes)
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VACUUM TUBE AUDIO AMPLIFIER
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ELECTRONICS NOW Fig. 10
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VACUUM TUBE AUDIO AMPLIFIER (Cont.)

This schematic is for a tubehead amplifier. The output from transformer T1 is positive half-
wave ac rectified by D1 and filtered by C1, C2, and R1 for a +15-V supply. A —15-V supply is avail-
able from D2, C3, C4, and R3. The plate supply for the 12AX7 tubes is produced by a voltage multi-
-plier.

Some listeners prefer the sound of a vacuum tube audio systerm. Although this is rather subjec-
tive and a personal preference, this circuit can be used to simulate the “tube sound” preferred by
these listeners.

MICROPOWER LINEAR AMPLIFIER

+ 15V

-

RZ
{SEE TEXT}

A1 D
1g | 1OMEG 12
OSCILLOSCOPE
PROBE
pomm——— e oo
INPUT ! I OUTPUT

I Ry ‘E 40 1

) 1OMEG 3 T 15pF |

(VORI N I d
ELECTRONICS NOW Fig. 10-2

This circuit, based on the inverter in the CD4007UB CMOS linear amplifier, shows a method
for reducing drain currcnt.

73



NB FM AUDIO AMPLIFIER

10 k)

1 k) Deviation

e sel
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WILLIAM SHEETS Fig. 10-3

This audio system amplifies, limits, and filters an audio voice signal for use with an FM modu-
lator or VCO. It has pre-emphasis of 6-dB/octave 300-3000 Hz. Almost any suitable op amp can be
used.

TWO-TRANSISTOR AUDIO AMPLIFIER

4 » +9V

il Primary of any transistor
iradio output transformer

il
470 uF
(70U 1 azor

54-02
2N3706 f/\ phonas
= NC
J1
= N See text
AVAVAY. 47 (& 470 pF
100 k(2
WILLIAM SHEETS Fig. 10-4

This is a general-purpose audio amplifier for driving a pair of stereo earphones in monaural
mode. Two can be used for stereo. In this case, ground the center top of the earphone (sleave of
J1).
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PERSONAL STEREO AUDIO AMP
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POPULAR ELECTRONICS Fig. 10-5

You can make your personal stereo do double duty as a small room stereo by adding this 2-watt
amplifier.
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TRANSISTOR RIAA PREAMP FOR MAGNETIC PHONE CARTRIDGES

L > +18 YV
10
100 k(2
kQ
10 pF J 2N3904
:6 4 27 ki) 270 k() I\A
Input - Eﬂ 2N3565
. 10 uF
R, " { +{ o Output
\ [N 2, =10 k)
560 pF L
= 270 0) | £ ir
[N [
L 0.0022 pF 0.012 uF 1 1* 100 pF
A, = To suit ks, Tiov
cartridge used
RIAA Time Constants
NV = 3180 ps
330k 318 ps
75 ps
WILLIAM SHEETS Fig. 10-6

This two-transistor circuit has around 40 dB (midband) gain at 1 kHz. A magnetic cartridge is
used as a source,

DYNAMIC MICROPHONE PREAMP

O

WILLIAM SHEETS Fig. 10-7

This preamplifier provides 40- to 43-dB gain when used with a low-impedance (<1 k€2) dynam-
ic microphone.
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PERSONAL STEREO AUDIO AMP
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ca I3
100 co
16WVDC | A
c3 N
A
R17
- 1 14 ] 1Q
14 4 2 13
L | A7 & 3 12_ & Ri6
RE $ {10k A Ut ;1_" 100K & RIS
1MEG4 ULNZ274B £ IMEG
5 10
— ¢ ; 2
c2 7 8 *CB
o 01
' RY &
c1 5.6K 4 < Ri8 14
Q02 56K 1MEG
P I( AAA C10 A+ 1’—'—|
RS + 4.7 ‘t c7
, 1MEG ¢ —I 16WVDC ) 002
ARA Ak C5 e ) AAA
v ry oy hhdd
R3 R4 47 A12 R13
1MEG 150K 16WVDC 1MEG b Ah 150K
VOLUME 112 WATT VOLUME 3 BB0K oo waTT
CONTROL CONTROL Y 2 WATT | .
aad
R2 & A1 R10
680K @ agoK 390K
-4
v2 WATT Y o watt 12 WATT
AAA
Ty
o} ° o—
—— 1= — =
LEFT RIGHT
INPUT INPUT

POPULAR ELECTRONICS

Fig. 10-5

You can make your personal sterec do double duty as a small room stereo by adding this 2-watt

amplifier.
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BALANCED MICROPHONE PREAMPLIFIER

?+V(91015 V)

<]
R3 {see text)
1k 2
3 —A—— Ouiput
A R7
R4 NE5532 4.7 k
1k
3 > P
2 ¥ (see toxt)

Channel 1
R13
{see text)

XLR L Th | o —VEto15V)

10k 10k 3 ¥ (see text)

s
)
Vo
o)
€O
A
W
e

Channel 2

ELECTRONICS NOW Fig. 10-8

A balanced input for microphones can solve hum and noise pickup problems. R6 and R13
should equal R5 and R12, respectively. Typical values would be 10 kQ to 22 kQ.

RIAA LINE AMPLIFIER/DRIVER

FROM RIAA
PREAMPLIFIER +15¥
* san
AD848 iy
p LINE
- 15V CUTPUTS
10k
. 20002 W 1 son ‘ Two Op amps by Apalog [?evic:es are used in
ok $ g this audio line amplifier, which is suitable for
1 - . . .
I._k interfacing with an RIAA prearplifier.
M?..F6
ANALOG DEVICES Fig. 10-9
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SINGLE-ENDED HI-Z MICROPHONE PREAMP

!

-V

DYNAMIC OR CRYSTAL
MICROPHONE

Z = 6000

VIAS

A7, 639k

Vg = 45V
+i C5

1004F

R1

221k =y
1%

cz
100LF

25v
+

R5 ca
470 Vour
i +
100uF
25¥

Ut = 1/2 SSM2135,
ADBz2, ADB2D

arkiy

ANALOG DEVICES

Fig. 10-10

This low noise circuit works on a +5-V supply. Gain range is 20 to 40 dB and bandwidth is 20
kHz with the ADS820. THD is (.05% with 1 V RMS into a 2-kQ load. Noise output with the input

shorted is less than 200 uV.

LOW-LEVEL AUDIO AMPLIFIER

3
12
—)}——o0ut
g1 $A! R4
n FaK 4.7k
iN o———'(-—-<
a -V
ZN3906
> i 2 <R3
¥ 15K
T Xm  $rx
POPULAR ELECTRONICS Fig. 10-11

SIMPLE 20-dB GAIN AUDIO AMPLIFIER

1 MG

G1uF ookn

LM741, LM324,
LM1458, etc.

Any op amp

WILLIAM SHEETS Fig. 10-12
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HIGH-GAIN DYNAMIC MICROPHONE PREAMPLIFIER

>

>+12V
10pF

1l
16VI

1 uF
0.47 uF 2N3904 iRL =10k0
+
Dynamic O ) 2N3565 —=
microphone o
Z=1ki} =

1
3V I 680 (1
WILLIAM SHEETS Flg. 10-13

This microphone preamplifier is capable of about 70 dB or more gain at audio frequencies. Its
gain is approximately equal to the product of the hy, of both transistors times the ratio of the load

resistance to the input resistance of the preamp. As an approximation, these resistances are usually
similar in value (=2 to 5 kQ) for most applications, so this ratio can be taken as unity.

FET PHONO CARTRIDGE PREAMP

100
| +* NN N—0+6 to 18 Vde
IR
10 wF 0.1
25v T wF [
10 pF
o MPF102 16V
From + ( 0 To transistor
hi-z audio amp
cartridge 10 MG 2.2 i
kG =

— — Voitage gain ~ 0.5X
WILLIAM SHEETS Fig. 10-14

A high-Z phono cartridge can be matched to a low-Z amplifier with this circuit. The FET pro-
vides a current gain of over 1000x and a voltage gain of about 0 5x.
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SIMPLE HIGH-GAIN AUDIO AMPLIFIER

* » > +6 V
10 47
I~ o.sl 10 K kO 10 wF
Qutput
mA k(Y
i T { O R
(5 ki, etc.)
A 1 pF
AN =0 F
) tnput 1 .
+ = Transistors gan be most
&g R any NPN small
signal 2N3904, efc.
Source
- (microphone, etc.)
100 k
WILLIAM SHEETS Fig. 10-15

This amplifier has a very high gain in the audio range and is approximately the product of the
current gains of the three transistors multiplied by the ratio of & to (B + Eg). By is approximately
to:

By + 1) (26)
I

EQ1

RIAA PREAMPLIFIER

10
LINE
AMPLIFIER

+15¥
INPUT VOLUME
ADJUST

X1
MM- ip 100k 100k 0 &7ufF
"T 1o E
3 MmN
o 4’
1180
_ 15y [' C.47.F
‘MM = MOVING MAGNET g
"TMC = MOVYING COIL
ANALOG DEVICES Fig. 10-16

This preamp for RIAA phone use uses two op amps by Analog Devices. A switch selects com-
pensation for moving magnet, or moving coil pickups.
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BASIC COMPLEMENTARY CLASS-AB SINGLE-SUPPLY AMPLIFIER

+ ' g > +V
I
470|.LF1'5 'LR( te)
| | A, (see note
BV k() ._:_. L
© alk \C A
input /i [Xcl < 1—6‘ at lowest audio frequency
l_ 500
- 470 pF Load
6V { A
+ (
BN
15 \J_ Note
k2 = A, _canbe also
returned to Ve
L (Reverse capacitor C)
WILLIAM SHEETS Fig. 10-17
HIGH-IMPEDANCE MICROPHONE INPUT CIRCUIT
» » /\/\/\,—> +12V
—Ti 47 wF
29 T 16V
k(2 =
High Z ino } = 2N3565
0.22 pF
100
k(2
1 +I { OLlo-Z out
10 pF 10 pF
22 16V % 18V
k(2
Fig. 10-18

WILLIAM SHEETS

This input circuit will enable use of a high-impedance microphone where a low-impedance

microphone would be needed.
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41

I

R3 RS
R1 4. IMGQ 2204

10k WWH aLm
- c2 R2
Mike ATRE 1000 p
| { 2

3.3k
ey N

C3 R4 \
1 47uF 3.3k IC1b 5

ELECTRONIC-EAR LOW-NGISE AUDIO AMPLIFIER (FOR PAROBOLIC DISH MIKES)

:I— C6
~ 220pF
DI

IN34A

Cs
AT7pF

B0
irs]

/ ’
+¥ ; .

.Onk
E———{I
L Headphone amp —J
F C; r From C5 of -
rom C5 g amp circuit
amp cucutt
o—W\— <
4.7pF
R1 Ti
1391 n
R3 _T_.
27k =
MCGRAW-HILL

Use this circuit with a paraholic reflector microphone for eavesdropping on distant sounds.

L

A

To tape circuit
or headphone amp

Fower supply

deconpling/filiering
+¥
Cl 2
1000nF -WpF

Fig. 10-19




11

Audio Power Amplifier Circuits

The'sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Audio Power Armplifier, 1.5 W, 12V

Parallel Power Op Amps

10-Watt Audio Amplifier

Fower Bridge Amplifier with Single-Ended Output
Line-Operated Audio Amplifier

Basic Complementary Class-AB Power Amplifier
Simple Vacuum Tube Amplifier

Power Supply for Vacuum Tube Amplifier

16-W Bridge Amplifier

RFI-Proof Audio Power Amplifier

Basic Quasi-Complementary Power Amplifier with Split Power Supplies
-RIAA Phono Amplifier

Basic Quasi-Complementary Power Amplifier Circuit
Phone Amp

80-Watt IC Audio Amplifier

Basic Complementary Power Amplifier Circuit
General-Purpose AF Amplifier

Bridge Connection of Two Power Op Amps

90-V 10-A High-Power Amplifier

Mini-Megaphone
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AUDIO POWER AMPLIFIER, 1.5 W, 12V

Input

10 uF

1]

2.2
k)

WILLIAM SHEETS

| £
+1\
470 pF ':l:‘
> 12V
2N3904
TIP31A
Po=15W
470 uF
10 16V
+6V 3 _ o
11 8-0
speaker
10 47 i P
O —
. 2N3906
+53V 0.1
" TIP31A T -F
Tw
o—3 E—< 2N3904 il
4.7 k2 =
* AVAVAY
—= 470 uF 15 k2
I L gV 100 kD
+1 L

Fig. 11-1

Although ICs have largely replaced circuits such as this, this circuit still finds use where the flexibil-

ity of a discrete device design is desirable. Parts are easy to obtain and the problem of IC cbsoles-
cence is eliminated. The TIP31A can be heatsinked to a small metal heatsink, if desired.

Rig <82 e
10k@ S0k 10p

NATIONAL SEMICONDUCTOR

PARALLEL POWER OP AMPS

ouT The power amplifiers, A2 and A3, are wired

as [ollowers and connected in parallel with the
outputs coupled through equalization resistors.

A
Vi

Fig. 11-2
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10-WATT AUDIO AMPLIFIER

+12 ¥ In
to preamp M ¥ * > +24 V
if required L 0.01 _Ti 2200
T WF 470 3';':\,
= - 0 =
470 uF
+L
L
470
TIP41A*
Bias 2N3055°
"7+ INADO2
250 Q) (3) 0 0.33 2200 pF
. 35I v
+l 4-0)
speaker
1pF i
35 V+ MJEZ055 =
(E—- =1 N304 o
k() F
= = 0.33 T
Q =
[ A VAWAYEE | 1 L
22 k() - -
22 ——100 uF *Heatsinked to
ki1 I 16V same metal mass
WILLIAM SHEETS Fig. 11-3

This circuit is a general-purpose 10-W audio amplifier for moderate-power PA or modulator use
in an AM lransmitter. With higher voltages and a change in bias resistors, up to 30 W can be obtained.

POWER BRIDGE AMPLIFIER WITH SINGLE-ENDED OUTPUT .

=l —

¢IN—J

Bridge amplifier with a single-ended output
uses floating supply. Either input can be
grounded.

NATIONAL SEMICONCHICTOR Fig. 114
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LINE-OPERATED AUDIO AMPLIFIER

+98Voe

a1

1 | BIAS 20mA

0.05 uF

vIN

o 1.3 Vor

(31

— ——
- -

NATIONAL SEMICONDUCTOR Fig. 11-5

An audio amplifier which operates off a +98-Vdc power supply (the rectified line voltage) is of-
ten used in consumer products. The external high-voltage transislor, Q1, is biased and contrelled by
the LM3900. The magnitude of the de biasing voltage, which appears across the emitter resistor of
21 is controlled by the resistor. The resistor is placed from the (=) input to ground.

BASIC COMPLEMENTARY CLASS-AB POWER AMPLIFIER

+V

c
Bias
500 {2
Signal Llfg;-dz
c
C =~ 50 uF -V
WILLIAM SHEETS Fig. 11-6
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SIMPLE VACUUM TUBE AMPLIFIER

> A2
L > 470 T2*
R4
INPUT & < R ?}? -Q" OQUTPUT
[S' < 250 ﬁ%

20RS5
“SEE TEXT
i
3 43 4
R 3
- +120VDC +82VDC
FILAMENT -PLATE/SCREEN
POPULAR ELECTRONICS Fig. 11-7

Using a pair of 60 FX5 tubes, direct operation from 120 Vae is possible. However, the use of a
power supply with an isolation transformer is recommended. R1 is adjusted for equal voltages at pin
1 of V1 and V2. The power output is aboul 2 to 3 watts.

POWER SUPPLY FOR VACUUM TUBE AMPLIFIER

+120vDC

BR1 FILAMENT
T T2 4A 400 PIV

n il

*SEE TEXT

POPULAR ELECTRONICS Fig. 11-8

The power supply for the amplifier uses two low-voltage transformers connected back-to-back.
The full-wave bridge rectilier, BR1 provides dc for the filaments, plates, and screens.
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16-W BRIDGE AMPLIFIER

SIGNAL
INPUT

Vs
144

L
Y

100k

NATIONAL SEMICONDUCTOR Fig. 11-9
This circuit delivers 16 W RMS audio into a 4-Q load (R, ). The ICs are LM383s.
RFI-PROOF AUDIO POWER AMPLIFIER
+12V
i Ferrite
bead
470 pF F"i' 100 pf
0.01 pF = 100 uF  Forrite
10 k)
{ . 15V bead
. S LM 380 ' — Spkr
put 7 ,I_
470 pF T + 12
I = 10 470 PFT 270 100 ©
- 18V = =
0.1 MFT )
WILLIAM SHEETS Fig. 11-10

This 1-watt audio amplifier was used in an 'M repeater and proved to be immune to strong RF
signal pickup. It functioned well in very strong RF fields.
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BASIC QUASI-COMPLEMENTARY POWER AMPLIFIER WITH SPLIT POWER SUPPLIES

NPN

Bias
diodes

Ar

AVAAY
. PNP A §
<

NPN

Input

W

L O +V,

OV,

i
|GAIN| = E

WILLIAM SHEETS

Fig. 11-11

This is the basic circuit used in many audio power output stages where split supplies are used.
This amplifier is inherently de coupled and has high open leop gain and good de stability if the feed-

back network is properly designed.

RIAA PHONO AMPLIFIER

+1BY

220 pF

NATIONAL SEMICONDUCTOR
R, + 150 kQ

Mid-band gain = ——
150 kQ

Fig. 11-12
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BASIC QUASI-COMPLEMENTARY POWER AMPLIFIER CIRCUIT

+V

Bias
diodes .
Re X < Afo
iz r
MR T
R, . PNP R Oui|put
% 3] @N NPN =
Input A A
O . * * L _T_ » GND
WILLIAM SHEETS Fig. 11-13

PHONO AMP

NATIONAL SEMICONDUCTOR Fig. 11-14

The figure shows the LM380 with a voltage-divider volume control and high-frequency roll-off
tone control.
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1000p

B0-WATT IC AUDIO AMPLIFIER
F
0.1pF

1000pF

0.1pF

NATIONAL SEMICONDUCTOR

T 10uF
24k =
Fig. 11-15
This audio power amp will deliver 80 W of audio into an 8-£2 load. The LM3875 IC devices should
be suitably heatsinked. Note that the amplifier is a bridged circuit, with both speaker leads “hot.”
BASIC COMPLEMENTARY POWER AMPLIFIER CIRCUIT
. > + V),
R
NPN
Bias
diodes Ae
« Qutput
Ae
Ae
C1 PNP
input © ) I+ }\N*jil
% Ry = =
WILLIAM SHEETS Fig. 11-16
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GENERAL-PURPOSE AF AMPLIFIER

+12 ¥V f i .
J2 &
R1
100 &
]
100 pF )
16V
Al
T 2
|
©
R2
100 k
Except oe indicoted, decimal values of Supply Voitage: 12 to 14 V
7 capacltance are i microfarads ( uF}; Input impedanca: 50 k{Q (nominal)
others ore in picofarads (pF ); Output impedance {LS [speaker] terminal): 8 0
resistances are in ohms; k=1,000, M=1,000,000, Output impedance (LINE terminal): 560 ¢
IC Ping not ahown are unused. Gain: Up to 70 dB, continuously varicble
ng=Not connected. Bondwidth: 16 Hz to 30 kHz, minimum
#=See text.

*k=Hacot sink {(see taxt).

asT Fig. 11-17

Schematic of the general-purpose AF amplifier. All resistors are 4-W, 5% -tolerance carbon-com-
position or metal-film units. Equivalent parts can be substituted. General-purpose IC replacements

are shown in parentheses,

BRIDGE CONNECTION OF TWO POWER OP AMPS

These bridge connections provide differen-
tial outputs that approach twice the total supply
voltage, Diode bridge clamps outpul Lo the sup-
plies.

NATIONAL SEMICONDUCTOR Fig. 11-18
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90-V 10-A HIGH-POWER AMPLIFIER
—ply—y +— v*=100v

out
R13 L
13 du
R2 R3 ]
xS TE100p
0.1% J0.1%
INAAA— -]
Rt LM1Z
LY ra 2 o 3
o1x LRS R4
10k 2 1k 750 1 s
1% ‘b 0.1% a3 00224
MJ4502 L
02
104
g V™= =100V
NATIONAL SEMICONDUCTOR -Fig. 11-19

This amplifier can drive £90 V at 10 A, morc than twice the output swing of the LM12. The IC
provides current. and power limiting for the discrete transistors.

MINI-MEGAPHONE

The Mini-Megaphone is comprised of an elec-
tret microphone (MIC1), and LM386 low-voltage
audio-power amplifier (Ul), a horn speaker
(SPKR1), and a few other components.

o -
VOLUME  °SEE TEXT

POPULAR ELECTRONICS Fig. 11-20
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12

Automotive Circuits

The sources of the following circuits arc contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates Lo the entry in the Sources section.

Electronic Auto Stethoscope

Automotive Electrical Monitor

Car Alternator Monitor (Idiot Light)
Cigarette Lighter 9-V Adapter

Motorcycle Turn-Signal System

Tachometer Signal-Conditioning Circuit
Smart Turn Signal for Autos and Motorcycles
Turn-Signal Alarm

High-Power Audio Amp for Automotive Installation
High-Power 12-V IC Auto Amplifier
Capacitor Discharge Ignition System

Car Audio Power Supply

Motorcyele Headlight Monitor

Headlight-Off Indicator

Auto Battery Isolator Circuit

Automotive HI-Z Test Light

94



ELECTRONIC AUTO STETHOSCOPE

-

P
ro =
* 51 < R1 < A3 C11 =
- b 0.1
27K > 18K
| B1 cr.lt ) )
: 1% 47
- R g ‘fl.(:z
< R4 &
T 27K < "‘ 10 1k S
=
Cce
1
it
PR 1Y
c7 _]_ A7 € vy
033 10K & - Ri2
50K
ca b TCNE
o33 T ¥ R11 9
15K c10
1._ A'A‘AY 220
T R0
50K
RY ¢
k3 [VOLUME i

POPULAR ELECTRONICS

Fig. 12-1

The heart of the Stethoscope is the NES532 audio op amp, UL, That component directly drives

low impedances and. allows the use of headphones without adding ancther amplifier.
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AUTOMOTIVE ELECTRICAL MONITOR

TABLE 1—AUTOMOTIVE ELECTRICAL FAULTS

Conditicn Normal Voltage Possible Fault
Vebicle at rest 12.6 voits <12.4 volts: bad cetl or
severely undercharged battery
Cranking >89 volts <8 volts: Weak battery
1dling »>12.8 valts <12.8 voits: Not charging;
bad alternator or wiring
Running >13.4 volts «13.4 volis: defective altarnator
minimum load or voltage regulator
Running <15.2 voits >15.2 volts: Qvercharging;
minimum load defective regulator
Running >13.4 volts <13.4 voits: alternator
maximym load defective or belt sligping
12V INPUT K‘ﬂ_-
—A— D1 c2
i 4 1Ngooa o
"
R1 4
< WEAK
100K 4 BATTERY
c3a
A
i in
- GREEN
R2 BATTERY ED
453K 3 \\
s 4 > s
3s7Q & NOT
. CHARGING
e 10 L)
Rt & & A7 / {/V
48T Y P 220K 47002
M .
d 1t e i
A5 & / R11 YA
1§ 4700 RED
INSUFFICIENT
CHARGING
* b 13 AAM “\\
R6 € M2 LEDE
953K ¥ [ - 4700 RED
OVERCHARGING

POPULAR ELECTRONICS

The automotive electrical diagnostic system is built around a Maxim MAX8214ACPE five-stage
voltage comparator, which contains a built-in 1.25-volt precision reference, and on-board logic that

allows the outputs of two of the comparatars Lo be inverted.
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CAR ALTERNATOR MONITOR (IDIOT LIGHT)
3300

oV

[ T
)

2N3906

— MC1458 or

any dual
op amp IC
1 k2
LED
Indicator
(red)
10 kO -
50 k(1
Max.
set
WILLIAM SHEETS Fig. 12-3

A window comparator is used to detect a too-low or a too-high system voltage. The minimum
and maximum settings are set with two 50-k{2 pots, as desired.

CIGARETTE LIGHTER 9-V ADAPTER

N Plug

220
IN40O7 1w TIP41A +9-V output

12 1014 - o 100 mA
V input _24 _L+ m
: T 470 pF
+
? IN757 T1 nF
WILLIAM SHEETS Fig. 12-4

A simple way to provide +9 V at 100 mA from a 12-V auto source. Applications include small ra-
dios, cassettes, ete.
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MOTORCYCLE TURN-SIGNAL SYSTEM

(TO RIGHT
MOTORCYCLE TURN
BATTERY) LIGHT @
r'_A_\

LEFT
TURN

POPULAR ELECTRONICS Fig. 12-5

Tired of making hand signals? Build this simple turn-signal system and keep your hands on the
handlebars.

TACHOMETER SIGNAL-CONDITIONING CIRCUIT

+5 V-
R1 R2 1 5 14
1.2k 10k 3 4
From To
points -J & J countar
py [IC1-a IC1-b
330 () 4 4093 1/2 4093
Chassis _
ground 1

ELECTRONICS NOW Fig. 12-6

This circuit, for use with auto tachometers, cleans up the ragged distribution waveform before it
is sent to pulse counter circuits.
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SMART TURN SIGNAL FOR AUTOS AND MOTORCYCLES

+12¥

Ri0 & R &

POPULAR ELECTRONICS Fig. 12-7

Momentarily pressing S1 starts the left on-time timer and produces a positive output at pin 3 of
Ul. Power for the on/off signal timer, U3, is supplied through D1.

Also, a positive bias is supplied from Ul’s output to the base of Q3, turning it on and turning Q4
off. Unclamped @1 turns the left twrn-signat lamp on and off at that same low-frequency rate. Be-
cause U2 is not activated, its output at pin 3 is low, keeping Q5 off. With Q5 turned off, Q6 is on,
clamping the gate of Q2 to ground and keeping it from responding and supplying an output for the
right turn-signal larap. The left turn signal continues to operate until the Ul timer circuit times out;
the right turn signal operates in a similar manner, with UZ setting its operating time.

Potentiometer R10 sets the running time for the left turn signal and R11 sets that for the right
turn signal.
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TURN SIGNAL ALARM

+ -
To flasher . R2 ; :::414001
relay 4.7k
—~ AR 4
. v
AP
c1
500/16 V 9
1 8
] 2 7 R1
LED 1
R4 ¢ 3 },051 5 470 k
10k % . 5 s
R3 + ca
47k
47 uF § RS c4 +l 3
10k 0.01 T Tsamsv

-+ Piezoelectric

. /;\f/-/ buzzer
\_/
PB1
Ré
100 Q
M A
MPS3702
RADIO-ELECTRONICS Fig. 12-8

This circuit can be used to tell the driver of a vehicle when his or her turn signal has been left on
for too long. The circuit consists of IC1, a 555 timer; transistor @1, and MP33702 PNP preamp/driver;
PB1, a piezoelcctric buzzer; along with an assortrent of resistors, capacitors, and diodes. The 555 is
connected in the monostable mode, requiring only a momentary negative pulse at pin 2 to trigger the
timing cycle.

Power for the circuit is picked off the flasher relay and applied to IC1, pin 8, provided by an ini-
tially discharged capacitor, C2. After the initial triggering, the voltage across C2 rises as it becomes
charged through R4, a 10-kQ resistor. This prevents subsequent interference with the delay function
causcd by false triggering.

Capacitor C3 and resistor R1 determine the delay. With the component values shown, a delay of
about one minute will be provided hefore the intermittent tweet sound generated by the circuit be-
gins. If higher values are used for C2 and R1, a longer delay time will result. The light-emitting diode,
LEDI, provides a voltage drop to assure complete transistor blocking during the off periods of the
flasher. Alternatively, two diodes in series can be used.
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HIGH-POWER AUDIO AMP FOR AUTOMOTIVE INSTALLATION

[
D3
RB 1NAT3TA Cs
1HA735A ® " 'y s 1
75 s d 08
o] A20 IRFI 40| =
i w50
e wh—
| o7 Fi
o 4 AMPS
1NATASA oo, FFEE4C
15¢ 21 4 +47v
e 2050 1500pF
= 74
™
. A8
M eup 24 RIS 1.5K
WPUT THT 205K 205K 4 m*;‘v‘. OU%I”
.
¥ R4 1000 -
512 = i
- Rl 4
K 3 R23
104 2,50 _and
€3 F2
8
G - MP38540 4 AMPS
T MPS805S
RS £
51KF -
RIS &
_ R11 1 06
1% siad K unn t
759 ‘
RADIO-ELECTRONICS Fig. 12-8

Two of these audio amplifiers can be used 10 make a stereo amplifier 200 W per channel. IRF640
and IRF3640 power MOSIFETs are used to drive the output load, which might be 4 or 8 Q2. Response
is 12 Hz to 45 kHz (-3 dB}, THD <0.1%. Power is supplied by a switching-type power supply, which
is external to the amplifier (47 V). About 600 W total power (peak) is needed.

HIGH-POWER 12-V IC AUTO AMPLIFIER

LM 383 (Heatsinked)

Qutput
= 5 W with
4.} Speaker

41080

334 Speaker

10~

0.2" pF

= *Place close
to pins 3 and 4

WILLIAM SHEETS Fig. 12-10
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CAPACITOR DISCHARGE IGNITION SYSTEM

R63

Standard ignition o——20 o= -
shorting plug Igmltfon start (s Wire
Ignition run Ballas $ that
I (2] [31 [41 [5] [%]) oo™ went
L5 L] TTr— Plug oa CD ignition p—  — ]lo
F ~ plus
P — | | of
“lr Red E] E Red coil
Purple
o L1 2] [2ffume
I Wcﬂow E E Yellow
Black Black
4] [4]
| Green Green
R132 Whll El E Wh !
ite te
5] [6
4
D3*

Qs*

c3

Distribution

AAA

R3

MCGRAW-HILL

AN

*Do not operate in {ree air inside air tight chassis.

This ignition systern charges a capacitor (C2} to 350 V and discharges it through the ignition coil.

Fig. 12-11



CAPACITOR DISCHARGE IGNITION SYSTEM (Cont)

A Parts list
Q1 —2N3055

Q2-2N3053

QI—-2N324)

Q4—2N3241

Q5—RCA 40657

DI—-1N3192

D2—1IN3195

D3—1N1763A

Dd—12Vv, Vi W

€1—=0.25 pF, 200 V

C2—1 uF, 400 v

C3—1 puF, 25V

C4—0.25 uf, 25 V

F=5A

L1—10 gH, 100 Turns of No. 28 Wire Wound on a
2-W Resistor (100 Ohms or More}

Ri—1000 chms, Va W

R2—35 ohms, 5 W

R3~22,000 ohms, V2 W

R4—1000 ohms, 12 W

R5—18,000 ohms, /2 W

R6—15,000 ohms, Va2 W - =

R7—8200 chms, Y2 W . . .

R8—0.39 megohm, /2 W Details of inverter transformer

R9—220 ohms, I W

R10—1000 ohms, Va W

R11--48 chms, Va2 W

R12—4700 ochms, Va W

R13—27.000 ohms, Va W

CAR AUDIO POWER SUPPLY

GROUND

‘DEPENDS ON NE1

fﬂlﬂ CHASSIS

POPULAR ELECTRONICS Fig. 12-12

This supply has a variable output voltage feature and a dual voltage switch, 82, Q1 should be ad-
equately heatsinked,

103



MOTORCYCLE HEADLIGHT MONITOR

(TC
MOTORCYCLE
BATTERY}

. 4700

HEADLIGHT
SWITCH

HEADLIGHT
LED1

POPULAR ELECTRONICS Fig. 12-13

The headlight on most newer bikes is keyed
on with the ignition switch to guarantee that you
are never underway without your headlight, be-
ing on. However, many older bikes have a fac-
tory headlighl switch, and a growing number of
the newer hikes are owner-modified in the same
way.

A simple headlight monitor circuit consists
of just an LED and a current-limiting resistor
wired across the headlight switch, as showr.
When the ignition.is on and the headlight switch
is off, the LED will glow.

HEADLIGHT-OFF INDICATOR

(TO
MOTORCYCLE
BATTERY)
HEADLIGHT
.
HEADLIGHT
SWITCH
- o o
A1 -
47K Rz
100K
-p—M—?—-K——-qn
c
g
8 |7 ] T
u
565 2
3 1
ED1
- Y A3
/. 3300 ¥
Y BZ!

POPULAR ELECTRONICS Fig. 12-14

Increasing the value of £, or C, will lower the
oscillator’s frequency and decreasing one of those
values will increase the {requency. The 1Cs output
at pin 3 drives the LED through R3 and sends
power Lo the piezo scunder. Use a bright LED s0
that you will be able to see il in the daylime,

AUTO BATTERY ISOLATCR CIRCUIT

To main From
electrical alternator
systemn T To
(starter, efc) it accessories
Hat- &
+ +
= Main AlUX =
l battery  battery I
ELECTRONICS NOW Fig. 12-15

The diodes ensure that current can flow in
bath batteries from the alternator, but the main
battery can’t feed the accessory system, nor vice
versa.

AUTOMOTIVE HI-Z TEST LIGHT

CASE

n

B1 _l+
1.6V
L e

1.8V
PROBE L
1OMEG $
Gt
R ViZz
2MEG OR BS170

POPULAR ELECTRONICS Fig. 12-16

This test light has a high-input impedance
and draws ondy 1 mA at 12 V. Q1 switches deto a
hattery and lamp circuit.
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13
Battery Charger Circuits

The sources of Lhe following circuits are contained in the Sources section, which beging on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Smart Battery Charger
Rechargeable LED Flashlight
Battery Charger Controller
Single-Cell Lithium Battery Charger
Battery-Charging Current Limiter
Three-Cell Lithiurn Charger

NiCad Battery Charger

‘Backup Battery Monitor/Charger/Alarm
NiCad Charger/Zapper

2- to 5-Cell Lithiurn Battery Charger
Lead-Acid Trickle Charger

NiCad Battery Charger
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SMART BATTERY CHARGER

A2 ”
AN o
D4
ADJ 1N4004
Ds
¥ inaras
c4
1
< R0 <
47MEG ¢
C3 =
6 14 18 10
U3¢
5 .
4 CD4011B
: 7iy4 CD4011B
3 >
Ra cs
470K 1
114 CD40I1B
* 1 Q3
18] uad [ a =
X Bs170
12 1 o | U3a
|, D3 ¥4 CD4011B
1N4T38 ; =
51V ([Y' *SEE TEXT

ELECTRONICS NOW Fig. 13-1

This charger will work with NiCad or the new rechargeable alkaline batteries. The Smartcharger
is comprised mainly of four chips—an AN78L06 5-V, 100-mA regulator (U1), an LM317T 1-A ad-
Justable-voltage regulator {UZ), a CD4011BE quad 2-input NAND gate (U3), and an LN393N dual-
vollage comparator (U4). The value and rating of R2 is selected as described in the text. R2 is
selected for a 1.2-V drop across it at the charging current (3 Q for 400 mA, 6 Q for 200 mA}).

106



RECHARGEABLE LED FLASHLIGHT

COAXIAL
JACK
H 11
12.6 LM7805 |
VAC
INPUT cl2
fgnw
1
D1 81 i N.O
1 o—+—N.
Fiinuichly S GRS M & W -
m R2 N.C
AW " FF
+—MVr SEE TEX O
N G I
Ci LED 1K ON
A/ (SEE TEXT) {SEE TEXT)

ELECTRONICS NOW Fig. 13-2

This flashlight is useful for applications where night vision and/or darkness adaptation must be
maintained. It uses an HLMP8150 T4 LED with a wavelength of 637 nm. This schemalic is for the
flashlight module. When the battery pack consisting of the four NiCad cells is fully charged (and
there is no voltage at J1), 4.8 Vdc flows through trimmer potentiometer R2, the normally closed con-
tact of relay RY1, and push-on/push-off power switch Al. Trimmer R2 limits the current flowing
through LED1. Switch S1 can turn LED1 on and off when the battery is not being charged.

BATTERY CHARGER CONTROLLER

To £ 120
charger L ‘L_|-€= Vac

’ v ' > Bat (+)

10k 270 kD é

IN4007

INS14B

IN914B 100 kit
62V -
Sat Bat (—)
IN754 < [ >
= = ook
WILLIAM SHEETS Fig. 13-3

When the battery voltage is low, the TL081 comparator produces a high output, turning on the
2N3569 relay driver. As the battery voltage approaches the sct point, the relay driver is cut off, open-
ing the 120-Vac supply.
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SINGLE-CELL LITHIUM BATTERY CHARGER

1N4061
» in Dut
LP2951
+ regulator 339 9F T %
e Feedback +
Sto-10-V de Shutdown  GND +
input 806 k Lion ——
1% eell
hd I
Voitage
ELECTRONIC DESIGN Fig. 13-4

An LP2851 regulator was chosen for this single lithium cell-charging circuit for its built-in cur-
rent-limiting capability. In addition, the regulator’s output voltage is extremely stable, which is a pre-
requisite for lithium battery charging. This figure details an example circuit designed to recharge a
single cell. The required output set voltage was specified as 4.200 V (x0.025 V) with a maximum
charging current of about 1580 mA.

An LP2951 regulator was selected for two reasons. One is that its built-in current limiter holds
the maximum current to 160 mA (typical). The other is because the output voltage can be very ac-
curately sct to 4.200 V, thanks to the regulator’s stable internal bandgap reference.

The 1.23-V reference appears between the feedback pin and ground, which causes a precise
current to flow in the output resistive-divider string. The amount of current flowing in these resis-
tors determines (sets) the charger output voltage thal appears across the battery terminals. Large-
value resistors keep the battery drain below 2 pA when the dc input is removed (a customer
requirement). A trimming potentiometer sets the output to 4.200 V. It must be adjusted when the
batlery isn't connected to the charger output. A blocking diode is required at the LP2951’s output to
prevent current from flowing out of the battery and back into the output when the de-input source
is removed. Because the diode is in series with the output, the minimum input-output voltage dif-
ferential required for this circuit to operate is about 1.5 V.,

BATTERY-CHARGING CURRENT LIMITER

-~
w—— D)
R1* Ry
s]] LEDA
TNs002 | o o
T LM317 o e
v ADJ 100 TO
W BATTERY
= o
*SEE TEXT
POPULAR ELECTRONICS Fig. 13-5

This circuit uses an LM317 as a current regulator to limit charging current to a lead-acid battery.
R2 should produce a 1.2-V drop at the desired limiting value of charging current.
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THREE-CELL LITHIUM CHARGER

02
Ry p-FET  16A
2k ‘P—n’\N\«—" @10y
1
2R3304 n
. Compensation
G 1 IM3420-12.5 4
13-10-16-V de ] ATnf ' Three-cell —
input with 1K914 out L =
cuitent GND
limiting 02
1NO14
+
Gy :E
N
R
38k
ELECTRONIC DESIGN Fig. 13-6

This 3-A, three-cell charging circuit for lithium batteries includes a built-in on/off switch made
up of @3, R4, and D3. When a dc input is present, D3 turns on @3, which allows current to flow
through the LM3411 and Q1. If dc voltage is removed, Q3 turns off, cutting battery drain to zero.

NICAD BATTERY CHARGER
ViN__o -
BV TC 12V T ..
J 1 13[ LA e —— (2;'2’:.|F v
o Y PWRVW] MBRS130LT3
LBy SW . 2
sin of wrores | ‘i’
FAST CHARGE = DV vV =B PGND * OALE 553D226X002502W
TRICKLE CHARGE » 2V | 5 1 *~ DALE 5930107X0016E7W
I Cr SGND = Ut 2 thAszsuom-om-w,
— 2700F p 0 CHARGER b T £ L1 SELECTION
e e SHUTOOWN (=TT o T‘°°PF _ MANUFACTURER | PART NO.
NzzzIL S Vg 3 —I—ESB'TF COILCRAFT D03316-104
1 g oy GOILTRONICS | CTX100-4P
'J T cense senser B SUMIDA CO105-101
3300pF 1000pF ’ Shsense' & o1
= : IL £ o0 & | MeRs10T3 vy
'f‘ 4NiCd
o] 1A FAST CHARGE
OTATRICKLE CHARGE
LINEAR TECHNOLOGY Fig. 13-7

The LTC1265 is conligured as a battery charger for a four-NiCad stack. It has the capability of
performing a fast charge of 1 A, a trickle charge of 100 mA, or the charger can be shut off. In shut-off,
diode D1 serves two purposes. First, it prevents the LTC1265 circuitry from drawing battery current
and second, it eliminatcs “back powering” the ITC1265, which avoids a potential latch condition at
power up.
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BACKUP BATTERY MONITCR/CHARGER/ALARM

e O,
T 208 ®}m BaTTERY
—0
| ol _ g?)oiﬂ _E{zf’\ . "_-g} 10 XCVR
——:" P QB L ‘Mz * —g:::’ HOM
3 ol _ - JLg_ll | pa
3 L @ —(® +6v
$haw
. +] c2
0 |eT LTH] F
fu @ﬁns
g:mns:n V . 5 l:m @D/Da
N : 10
L= urvac l ! -
*20k 1% MULTIPLIER Al?
INTERMAL TO M3 GROUND 10k
|
73 AMATEUR RADIO TODAY Fig. 13-8
Battery Condition
Meter Calibration
Lead-Acid Battery Lead Calcium Battery
Color Voltage Color Voltage
Red 11.6 and below Red 11.6 and below
Yellow 11.6to 12.0 Yellow 11.6to 12.0
Green 12.0t0 13.8 Green 12.0to 135
Red 13.8 and higher Red 13.5 and higher

Charging voltage is constant at the normal full-charge level, so the charging current drops as full
charge is approached, and full charge is maintained with a trickle current. The charging voltage tan
be adjusted between approximately 10 and 15 Vde to accommaodate lead-acid (13.8 V) or lead-cal-
cium (13.2 V. 13.5 V maximum) deep-cycle storage batteries.

A separate connection is provided so that an external charger can be used when greater than 3
A is needed to charge a partially discharged battery. Intcrnal circuitry will maintain the charging volt-
age to the battery at the nominal full-charge voltage level, regardless of the voltage supplied by the
external charger, which will be 2 V or more greafer than that applied by the regulator to the storage
battery. Warning: do not fast-charge deep-cycle storage batteries!

A pair of meters calibrated to indicate 20 Vde and 20 Adc full-scale monitor voltage and current
when battery power is used.

‘A separate, suppressed zcro, expanded-scale meter calibrated over the range of about 10 to 15
Vdc allows immediate and constant indication of the state of charge of the station’s backup battery.
This meter scale is calibrated in bands of red, yellow, and green, as explained in the table. The nar-
row yellow segment. is based on the assumption that solid-state transceivers might not operate prop-
erly helow +12 Vdc, The internal power supply is uscd Lo calibrate this meter. A DMM should be uscd
for greatest accuracy.
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BACKUP BATTERY MONITOR/CHARGER/ALARM (Cont.)

An alarm circuit is included to indicate when the battery has been discharged by 60 percent to
the 11.6-Vdc level. When-battery voltage is above 11.6 V, the green LED will be illuminated; when

voltage falls to 11.6 V, the green LED goes out and the red LED lights. A piezo audible alarm sounds
at this low-voltage level unless silenced by the toggle switch controlling it.

A pair of fixed three-terminal regulators are included to provide +9 and +6 Vdc.

NICAD CHARGER/ZAPPER

12v AC/DC N[ LM our
[ -1 317 L o o
= L L
1N40OO1 300
8.0V _ ouT IN
78L08

} wn

wt

[=]

AL
[~}

T Jono T ggo
P

100K RS IN914

1~ e ——
RE o NTES5426
100k \ 10k 3
A F AN . L5k 150
R10 € 2 A - _ % NTE181
LED

Ula VA s vV
77

220k 1N914'*
b "CHARGING"
R13 & " € Pdo LED
7 {GREEN!}
il AP 4 ¢ _5@
T AL o 560
ot { 7

RESET
! N3s0s L. parTERY
ntp voLr 21 = ;o BEED
v—o— 3 T zaPe
METER 3 i

The NiCad charger/zapper has a built-in charger and zapper circuit to clear shorted NiCads. This
circuit delivers a high-current pulse Lo trim out internal shorts.

73 AMATEUR RADIO TODAY Fig. 13-9
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2- TO 5-CELL LITHIUM BATTERY CHARGER

& F‘L .
02
zﬁfé Schottiy
A
, ot
Voliage
‘ R éﬁun i L
DG input 3 L1 Ubatiary
» AN um+ 2 1o Beells —_‘.—
; 2H3904 S G -
1 § ' 24f
2 Cument I.MRJEA-S T w02k, 1%
[ limiter Hi .
(G T
gy NS o ” '
1FET
ELECTRONIC DESIGN Fig. 13-10

A more generally applicable circuit-design concept for recharging lithium battcries could easily
accommodate different cell types and varicus numbers of cells. Thal’s because both the charger out-
put-voltage set point and current limil, or maximum charging current, can be adjusted by simply
changing a resistor.

LEAD-ACID TRICKLE CHARGER

el
Ll
03
b4
Naopy 14002
M
out {9 D7 D5
7805 1N4D0Z  1N4002
!l Il
G - o
DB ! DB
1N4002 | 1N4002
f ue o
01 =T 808 P i

z

S Y
23
rl
LE
l_
g8
e
h

>
<

e |

+

£O—4
]

- o)

T0
(NVERTER
POPULAR ELECTRONICS Fig. 13-11
This lead-acid battery trickle charger can be used as a stand-alone circuit (for alarm systems and
such) or combined with the circuit in the figure to create an emergency lighting sysiermn.

PL1
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€Ll

NICAD BATTERY CHARGER

"7 v
To Timer

=1 To Timer
Qutlet
Polarized FPlugs

Reguired Bridge
Rectitier In

@_ oo Tt + ]-Regulalor
LM3IITT
swr c1 _I_ ......... ;
Adj

117 VAC .01
500V l 13:0
i 50V
Cc2
A
PL1 —i
Gree% SlartH \ SOVT
Relay
F PL2 L
1+ Amp Red 1N4002
O O e
—_ + ! {* = sea text)
73 AMATEUR RADIQ TODAY Fig. 13-12

This circuit has a current regulator and uses an external timer to control the charging rate.




14

Battery Monitor Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of cach circuit correlates to the entry in the Sources section.

Battery Monitor

Ballery Butler

Undervoltage Indicator for Single Cell

Battery Charger Probe

Low-Batlery Circuit

Battery Charge Indicator

Battery Status Indicator

Lithium Memory Backup Replacement
Battery-Caondition Indicator for 12-V Batteries
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BATTERY-MONITOR

2V O *—o
Ry l l Rg
16.94 13.0k
1N4143 Red 322k
s | :4 > + & 1
| - 2/
GND ] LT LM339 X
From CR? .
12-¢ 1NA148 LM324 ) L
lead-atid 1k Ry 2 Ry N Green 322k
hattery 10kS 2900k
l Red = battery fault
@ Ao - 1] Green = battary 0K
ELECTRONIC DESIGN Fig. 14-1

Ome typical application for the detector involves monitoring a lead-acid battery. It indicates a
fault when the battery voltage is outside an 11- to 14-V window. Because the circuit is powered by
the battery, the input and reference were switched to keep the comparator inputs within its com-
mon-mode range,

The circuit’s reference is 5.0 V. The resistor values in divider, R1/R2 were selected to produce 5.5
V at the inverting input when the battery voltage is 14.0 V. Divider R3/R4 is set to produce 4.5 V at
the noninverting input when the battery voltage is equal to 11.0 V.

When the battery voltage is within the window, the noninverting input is more positive than the
inverting input which is clamped at 4.5 V hy CRZ, the noninverting input continues below that, the
comparator’s output goes low, and the LED turns on. When the battery voltage rises above 14 V, the
noninverting input is clamped at 5.5 V by CRL, the inverting input continues above that, the com-
parator output again goes low, and the LED turns on. Resistors R5 and R6 show that hysteresis might
be added to this circuit in a conventional manner.

If an op amp, such as an LM324 is used as the comparator, two LEDs can be implemented. The
green LED will turn on when the battery voltage is within the window, and the red LED turns on
when the batiery voltage is outside the window.
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BATTERY BUTLER
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ELECTRONICS HOBBYIST HANDBOOK
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BATTERY BUTLER (Cont.)

The battery buller solves the common problems associated with the maintenance and operation
of NiCad batteries. The battery butler, by initially discharging a NiCad battery Lo a preset point, re-
duces the possibility of the “mecmory” elfect oceurring. Once discharged, a battery is then usually
charged at 26% and reduce the internal cell pressure increase by 40% or more. Once the battery is
fully-charged, a trickle charge is provided to maintain the battery in a fully charged stale. The bat-
tery buller circuit can be hypassed, and the existing fast-charger used, if necded,

UNDERVOLTAGE INDICATOR FOR SINGLE CELL

flashes about 1.2V
rate Increasas with
voitage

NATIONAL SEMICONDUCTOR Fig. 14-3

When operating with a single cell, it is necessary to incorporate switching circuitry to develop
sufficient voltage to drive the LED. A circuit that accomplishes this is drawn in the figure shown, Ba-
sically, il is a voltage-controlled asymmetrical multivibrator with a minimum operating threshold
given by:

B R, (B +R)
TH Rl (HS +R4) REF

Above this threshold, the flash frequency increases with voltage. This is a far morc noticeable in-
dication of a deteriorating battery than merely dimming the LED. In addition, the indicator can be
made visible with considerably less power drain. With the values shown, the flash rate is 1.4 sec -1
at 1.2 V with 300-pA drain and 5.5 sec —1 at 1.55 V with 800-pA drain. Equivalent visibility for con-
tinuous operation would require more than 5-mA drain.
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BATTERY CHARGER PROBE

GREEN
’:/ ED?t

L TO NEGATIVE
BATTERY CHARGER CLAMP

POPULAR ELECTRONICS Fig. 14-4

This battery-charger probe can keep you from damaging batteries or yourself by testing to see if
the charger is already on and/or connected improperly.

To use the probe, the positive cable clamp is first connected to the positive battery terminal.
Then, the test plate is touched to the negative terminal of the battery, If the battery is connected
properly, current will pass from the test plate through R1, LED1, D1, the negative charger, and into
the positive side of the batteries. If LED1 (the green LED) lights, you can clamp on the negative lead
and turn on the charger.

If the terminals are reversed, current will flow in the opposite direction, causing LED2 to light,
warning you of danger. When the cable is reversed, D1 protects LED1 from excessive reverse volt-
age. If that happens, immediately turn the powcer off, and right-the cable connections. Finally, if the
ballery charger is on, both LEDs will light because chargers actually produce pulsating de and rely
on the battery to act as a filter.

LOW-BATTERY CIRCUIT

—

73

20Vt 55V — PRI PFO > LOWBAIT

MAXIM Fig. 14-5

A Maxim MAX691A series IC allows low-battery detection.
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BATTERY CHARGE INDICATOR

r ™y

——AM———0)
Reunrent
LIMIT
{IN CHARGER)

0 LT

grﬁ\cﬂuﬁyﬁ NICKEL-CADMIUM

VOLTAGE BATTERIES

5
L .I_ © j

RADIQO-ELECTRONICS F.l-g. 14-6

Whern a battery is charging, a voltage drop across Rqp, . causes Q1 to conduct, and lights LEDI1.

Beover should be chosen as follows:
0.65
B (ohms) = ——"————
SERSE ! aree (AMPS)
BATTERY STATUS INDICATOR
+
Y1r = 8V
LED dims balow 7V
NATIONAL SEMICONDUCTOR Fig. 14-7

In battery-powered circuitry, there are some advantages Lo having an indicator to show when the
battery voltage is high enough for proper circuit operation. This is especially true for instruments
that can produce erronecus data,

The battery status indicator is designed for a 9-V source, It begins dimming noticeably below 7
V and it extinguishes at 6 V. If the warning of incipient battery failure is not desired, R3 can be re-
moved and the value of B, is halved.
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LITHIUM MEMORY BACKUP BATTERY REPLACEMENT

Circuit

QsT Fig. 14-8

Physically very small high-capacitance capacitors are available for memory backup. Here, 2 0.1-
F (100,000 uF) capacitor and two diodes replace the lithium battery. The lithium battery can be re-
tained as well, providing double backup.

BATTERY-CONDITION INDICATOR FOR 12-V BATTERIES

/oo
R1 R2
68062 1.2K
D1
Voltage 10V llg%’
Input
LED1 LED2
N
McGRAW-HILL Fig. 14-9

A simple batlery condition indicator. Choose the Zener diodes to provide a “window” for over/un-
der voltage indication.
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15

Bridge Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Single-Supply Bridge Amplifier

Wheatstone Bridge
Bridge Amplifier with Low Noise Compensation
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SINGLE-SUPPLY BRIDGE AMPLIFIER

3V 3v -DESIRED R, NEAREST 1% R,
GAIN () ()
ooV 1 NC NG
2 50.00k 49.9k
Ra INA118 Vg 5 12.50k 12.4K
Ref 10 5.556k 5.62k
" 20 2.632k 2,61k
2V av = 50 1.02k 1.02k
- 100 505.1 511
1506 200 2513 249
R, 500 100.2 100
1060 50.05 49.9
— 2000 25.01 249
5000 10.00 10
10000 5.001 4.99

NOTE: (1) R, required to create proper common-made voltage,
only for low voltage operation — see text.

BURR-BROWN Fig. 15-1

The INA118 can be used on single-power supplies of +2.7 to +36 V. The figure shown is a basic
single-supply circuit. The output Ref terminal is connected to ground. Zero differential input voltage
will demand an output voltage of 0 V (ground). Actual output voltage swing is limited to approxi-
mately 35 mV above ground, when the load is referred to ground as shown. The typical performance
curve “Output Voltage vs. Qutput Current” shows how the output voltage swing varies with output
current.

With single-supply operation, +V,; and -7, must both be 1.1 V above ground for linear opera-
tien. You cannot, for instance, connect the inverting input to ground and measure a voltage con-
nected to the noninverting input.

To illustrate the issues affecting low-voltage operation, consider the circuit in the figure. It shows
the INA118, operatling from a single 3-V supply. A resistor in series with the low side of the bridge en-
sures that the bridge output voltage is within the common-mode range of the amplifier's inputs.
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WHEATSTONE BRIDGE

i ANy ——O
J1
4
HEADPHONES 160 ® 4 100K x1KT o5
10K
RS
IMEG
T

POPULAR ELECTRONICS Fig. 15-2

This circuit can be used to measure resistances. R7 is calibrated and fitted with an indicator dial,
then:

R, B R,
= or B = — X (&, through R,)
(R, through R} R, R,

A frequency of 1 kHz for the audio oscillator is usually used.

BRIDGE AMPLIFIER WITH LOW NOISE COMPENSATION

+V A10 AAA -
| .v.v‘v L A3 Ao +V Rg** ==
e TIMEG a7 L 5000
AAA, .5 e
<& R1 ‘v‘v‘v 3
3 R4
IMEG LM108 OUTPLT
grs L oor
< 1MEG
o b 1 ‘ * 100pF
‘b
1K 4 *REDUCES FEED THROUGH OF
?3 POWER SUPPLY NOISE By 20 dB
AND MAKES SUPPLY BYPASSING
Lare) UNNECESSARY.
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MODE REJECTICN
***GAIN ADJUSY

POPULAR ELECTRONICS Fig. 15-3
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16

Buffer Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Unity-Gain ADC Buffer

HI-Z Micrephone Buffer Amplifier
Wideband Generai-Purpose Buffer
ADC Buffer

Single-Supply ac Buffer Amplifier
Analog Noninverting Switched Buffer
Voltage Follower

Simple Bidirectional Buffer Design
Buffer for A/D Converters
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UNITY-GAIN ADC BUFFER

HIGH
(4) %0 8ITS

(5)R€  aparen

GAIN
andusT () GE MIDOLE
BITS
REF IN
Low 12)
AEF OUT BT

OFFSEY
ADJUST

ANALOG DEVICES Fig. 16-1

This buffer is suitable for ADCs of 12 bits with conversion times of 5 ps or greater. The wide
bandwidth of the AD845 ensures a low output impedance at higher frequencies in the voltage fol-
lower (buffer) configuration.

HI-Z MICROPHONE BUFFER AMPLIFIER

15V
Hj_

10 wF

Lo-Z output
Hi-Z 2.0
mike M 330 Q

Voltage gain = 0.5x

MPF 103

WILLIAM SHEETS Fig. 16-2

A low impedance output from a high-Z microphone can be obtained with this circuit. No voltage
gain is obtained, but a power gain is obtained because the output impedance is much lower (300 €),
with —6-dB voltage gain.
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WIDEBAND GENERAL-PURPOSE BUFFER

LY Ae
{OPTIONAL) 1kQ
~ AMA— 7 AW

_Joutrpur

inPut | )

ANALOG DEVICES Fig. 16-3
This circuit has unity gain and response up to 70 MHz. U1 is an Analog Devices ADS17.

ADC BUFFER

RG1 RFB1
5620 SB2CY

'
ATy ATa p——
86,62 € 7541 AD773
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u2
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To u-uz 1o Jle L cs

™ 0.1y4F “T* tooprrsy

K& dez _Lca L s
‘I‘ LF T onyF “T* 100pF/25Y

Q
-5V
o

ANALOG DEVICES Fig. 16-4

Useful for driving high-speed, 10-bil ADCs, this circuit was developed to drive an. 18-MSPS 10-
bit ADS. It works from +5-V supplies.
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SINGLE-SUPPLY ac BUFFER AMPLIFIER

Vep =120V
Q

This buffer might be used with a single sup-
ply without special considerations. The input is
dc biased to mid-operating point and is ac cou-
pled. Its input impedance is approximately 500
kQ at low frequencies. Note that for de loads ref-
erenced to ground, this quiescent current is in-
creased by the load current set at the input dec
bias voltage.

NATIONAL SEMICONDUCTOR Fig. 16-5

ANALOG NONINVERTING SWITCHED BUFFER

10V Vint ot o
10V Ving o—+t—o* =
. o Vour
£10V iy O—p—0"" o + } . . ,
Here is noninverting solution.
10V Vg OOV Om
Rown =
10082
ANALOG DEVICES Fig. 16-6
VOLTAGE FOLLOWER
INPUT
op Amp Recoam::ded
LM101, LM10B, LM741, LF 51 LHO002
LHDO22, LHODA42, LHO052
LF155, LF158, LF157, LHOO24, LHO032 LHO033 Rm.li
LHOO024, LHOO32 LHOO83 s
NATIONAL SEMICONDUCTOR Fig. 16-7
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SIMPLE BIDIRECTIONAL BUFFER DESIGN
¥

H IC-14
7405241

Ly -
L4 F TASH

ELECTRONIC DESIGN Fig. 16-8

This circuit shown in the figure uses two 74L5241s. When both input/output lines are high, IC-
1A and IC-2B turn on, and C1 and €2 are charged to high voltage. Meanwhile, IC-1B and IC-2A are
off 1o prevent a logic “1” latch,

BUFFER FOR A/D CONVERTERS

Veo
—te ‘ 3.
0.1uF 1uF
T =
Vg L »>
1/2 LT1366 P—I CS/SHON Voo (REF) —‘
CHO CLK =» TOpP
LTC1288
. CH Doyt
-[" GND On >
Vi - aNES s KO
172 LT1366

LINEAR TECHNOLOGY Fig. 16-9

This circuil uses an LT1366 driving an LTC1288 two-channel micropower A/D. The LTC1288 can
accommodate voltage references and input signals cqual to the supply rails. The sampling nature of
this A/D} eliminates the need for an external sample-and-hold, but might, call for a drive amplifier be-
cause of the A/D’s 12-ps settling requirement. The LT1366' rail-to-rail operation and low-input off-
set voltage make it well suited for low-power, low-frequency A/D applications. In addition, the
Op-amp’s output settles Lo 1% in response to a 3-mA load step through 100 pF in less than 1.5 LS.

128



17

Clock Circuits

The sources of the following eircuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Set Time Windows within a Ciock
Low-Frequency Clock
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SET TIME WINDOWS WITHIN A CLOCK

3V

58
vatiable
l)l) ueg ' pulse
> output

{clock U1B

signal)

ELECTRONIC DESIGN Fig. 17-1

At times, it is necessary to produce pulses of adjustable width and whose start times miglit vary
with reference to a master clock. The input signal is inverted and buffered by UlA, while ULB and
U1C reinvert the signal to produce square, buffered renditions of the input signal. Potentiometers R3
and R4 set references for the comnparators.

The input polarity of U2A keeps its oulpul transistor turned on until the voltage at the nonin-
verting input exceeds the reference set by R4 (the rising cdge adjustment). When this reference
voltage is exceeded, the output transistor is turned off and the output signal is pulled up via R6.
Meanwhile, the input polarity of UZB keeps its output transistor turned off until the voltage at the in-
verting input exceeds the reference set by R3 (the falling edge adjustment). When this reference
voltage is surpassed, the output transistor of U2B is turned on, pulling the output signal low through
the wired-OR configuration of U2. The output of U2 is then double-inverted and buffered by ULD and
UIE. What results is a pulse whose starl time (rising edge) can be adjusted by R4, and whose stop
time (falling edge) can be adjusted by R3.

The output of the comparators is pulled up to the input waveform through resistor R6 to ULC.
This prevents the comparators from switching during the low cycle of the input waveform, regard-
less of the positions of R3 and R4. This has the effect of “locking out” changes during the low period
of the input signal, and would probably require additional logic if it were done strictly in the digital
domain.

The circuit, with the component values shown, works well between about 50 and 150 kHz.
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LOW-FREQUENCY CLOCK

2200 50k
+
»—0 TS » o
300 uF 300 uF
1 8 1 8
. 0003
2 7 P 2 7
3| 3909 s 3| 3909 |&
— /0 — -0
4 5 4 5
B1 | B1
I----1k; 1l----1k;
{See text) (See text)
ELECTRONICS NOW Fig. 17-2

The LM3080 is an LED flasher IC that is designed to oscillate at low frequencies. The clock out-
put of the first circuit can be changed by changing the value of the capacitor, and the second circuit
lets you adjust the frequency with the trimmer. Bl can be one or two alkaline 1.5-V cells. The
LM3909 can supply up to 45-mA pulses at greater than 2 V.
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18

Computer-Related Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

R5-422 to RS-232 Converter

Printer Port

PC Password Protector

Key Wireless RTS with Data
Microprocessor Supervisory Circuit
Computer-Powered RS-232

+12-V Flash Memory Programuming Supply
EEPROM Programming Doubler Circuit
Monitor Power Saver for Computers
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RS-422 TO RS-232 CONVERTER
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ELECTRONIC DESIGN Fig. 18-1

The circuit supplies two LEDs for visual indication of line activity and terminating resistors when needed. The 220-£2 resis-
tors and 5-V zeners at the R5-422 line inputs supply circuit protection.

Switch SW7 allows the circuit monitor both transmitted and received signals when tee-connected into an RS-232 line, One
function of this optional feature is the ability to test a software-locking device that connects to the COMI port on an IBM PC.




PRINTER PORT

REGISTOR SELECTION CODES Ve 10V

Selected PC
Data resl prinier E 5Y30K
ax00 Ay | 1o L
oxot R 1] 1 4
ox02 R 4 2 L3
0X03 Ry E SK 5
oxos As 3 P
0X05 Rs 4 : gbaF
0X06 Ry 5 §11 1{‘\/\mi b
oxo? s . iy R0k 15] 10011 14] 3] u
0Xo8 Rq : IINH A cl: 1] :un 7
1 n IC1  CD4047 55
0x09 Pao 11:_ 812'Ol00I00|15»]__
0X0A R N ] viﬂ O [ TH
oxoB Riz . | 1] % LA H15
9x0C Ria '5 ) 3 : VL -
0X0D Rie — lout © 2>
OX0E . B = OAY = 0A2 - LA TZS L o
OXOF Rie (A T4) = =
ELECTRONIC DESIGN Flg. 18-2

A 16-step programmable current generator can be modified so that it's controllable by a printer
port. This is done by switching the resistor connected between the output of the generator's OAL op
amp and the input of OAZ2. The CMOS single 16-chaninel analog multiplexer (IC1) chooses one resis-
tor at a time, in accordance with the code sent by the printer port through four of its eight data-out-
put lines (pins 2 to 9). In addition, one control line (pin 1) is used to enable the operation. As a result,
16 outputs can be selected by a 4-bit word (the table shows the relationship between data word and
selected resistor).

The following must be fulfilled in order for the circnit to work as a truc current generator:

R,xR,~R xR =0

The smaller the resistors’ tolerance (especially R1 through R16), the greater the output resis-
tance of the generator.
Because'the OAZ is connected as a repeater, the current 1, =0, and only the load current flows
through one of the R1 through R16 resistors. Therefore:
V

out,

[ =
out (Rx + Ron)
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PRINTER PORT (Cont.)

where V=V, ;X =1..16;and B __ < 150 Q (for V, = 10 V) is the resistance of one analog switch

{CD4067) in conduction.
Therefore, the values of resistors &, through R, can be inferred from the needed currents:

' Lﬁn
Rx:: f_: __Ron

The Turbo C++ program also controls the current through the load.

TURBO G++ CONTROL PROGRAM

#include <stdio.h»
#include <dos.h>

#define OUT_PORT 0x378 /*printer output port address */
#define CTRL_PORT Ox37A /*printer control port address */

int main(void)

(

int data:

outport {CTRL_PORT , 0x01); // enable operation

delay (1);

outportb (OUT_PORT) , data): // one of Rl -Rl6 selected (table)
printf (*“\n\aR%d selected.”,data+1);

return 0;
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PC PASSWORD PROTECTOR
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ELECTRONIC EXPERIMENTERS HANDBOOK Fig. 18-3

[C4, a static RAM, is mounted in a “smart” built-in switch over circuitry. This retains SRAM con-
tents when power is off. The rest ol the circuitry consists of address decoding logic and jumper JT71,
used to decode a 16K address space for the 32K static RAM. Software is nceessary and this is con-
tained in the original article {see reference).
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KEY WIRELESS RTS WITH DATA
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ELECTRONIC DESIGN Fig. 18-4

This simple keyer supplies both the RTS control and data delay needed to interface a digital ra-
dio with an RS-232, data-only system. It supports speeds to 19.2 kbits/s sync or async.

MICROPROCESSOR SUPERVISORY CIRCUIT

UNREGULATED OC REGULATED +33V OR +3.0¥

MICROPROCESSOR
Ve
vie FESET RESEY
FFI PFO wl NMI
AMAXLAM Y VO LINE
MAXE90T/S/R ﬂ‘_ﬂ
VBATT Vour
GND
v¥ee
L I oteF  oMos R
GND
é
MAXIM Fig. 18-5

This circuit provides a reset pulse during power up, down, or low-voltage battery back up,
switching, a walchdog timer and a 1.25-V threshold detector for power failure or power fail warning,
or to monitor another supply.
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COMPUTER-POWERED RS-232
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ELECTRONIC DESIGN Fig. 18-6
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COMPUTER-POWERED RS$-232 (Cont.)

Cominercializing battery-operated equipment that must interface to a computer via the RS-232
port runs into the problem of power consumption. To load the system batteries strictly to power the
interface is unacceptable. An alternative is to let the computer that the device is connected to pro-
vide the interface’s power. One snag is that the RS-232 specification doesn’t have a power tap on the
connector, but it does provide RTS and DTR (request to send and data terminal ready) signals that
assert a negative voltage in their quiescent state.

Figure 18-6A shows a simple scheme of deriving a 5-V potential from the RTS and DTR signals.
R7 and R8 and diodes D1 and D2 mix the return current to the RS-232 port so that the RTS and DTR
drivers split the current drawn by the interface. This scheme, even from a laptop-computer, can sup-
ply 12 mA to the interface. The only drawback is that the TTL device must be isolated from the com-
puter’s ground {earth ground) because the interface treats the RS-232 ground as a positive voliage.

A modified optocoupler system shifts the RS-232 level to TTL voltages (Fig. 18-6B). It will sup-
port up to 9600 hits/s. C3 is charged up to about 1 V less than the RTS voltage while the TTL line as-
serts a marking state. As the capacitor is charging, @3 is biased intc saturation, thus providing a
negative voltage (with respect to RS-232 ground) to the RS-232 RXD line. When a spacing bit is driven
from the TTL line, Q3 switches off and Q4 switches on. This biases Q4's emitter up to the RS-232
ground. That ground potential is summed with C3's charge to create an RS-232-compatible spacing
signal (approximately 1 V less than a -V, ).

The discharge rate on (3 is limited by R15 to prevent the signal sag from hecoming a problem
down to 110 bits/s. The C2/R1 time constant must be fairly close (within 4 times) to the C3/R15 time
constant to ensure that Q3 turns off correctly.
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+12-V FLASH MEMORY PROGRAMMING SUPPLY

Vo
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MAXIM Fig. 18-7

The MAXT734 can deliver up to 120 mA @12 V from a +5-V supply, using few external compo-
nents. This supply can also be used for other applications than memory programming. A logic level
is used for shutdown. Efficiency is about 85%.

EEPROM PROGRAMMING DOUBLER CIRCUIT

.01
uF T

TPU control Py
A
YaT407 L

Vpp—12t0 15V

ELECTRONIC DESIGN Fig. 18-8
Even though electrically erasable PROMs offer the convenience of single-byte write and erase
operalions, the parts require a somewhat nonstandard programming voltage—21 V. A simple ¢circuit
that develops the appropriate voltage from a computer system’s standard 12-to-15-Vdc supply, reme-
dies the problem nicely. Moreover, it permits the programming voltage to be pulsed under the control
of an external CPU.

As shown in the figure, the chip uses its complementary outputs, 1 and Q2 to trigger a bridge
rectifier through capacitors C2 and C3. Resistors R2 and R3 and diodes D1 and D2 limit the current
and protect IC1 from spikes from C2 and C3. If required, the regulator will deliver up to 150 mA.

Circuit IC3 is an open-collector TTL gate whose output, when low, disables IC2 and causes it to
put out 5 Vde. The regulator delivers the 21-V programming pulse.
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MONITOR POWER SAVER FOR COMPUTERS
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ELECTRONICS NOW ‘Fig. 18-9

The cireuit monitors PC keyboard activity through five-pin DIN connector J1, When the user
‘presses a key, the keyboard sends a series of negative-going pulses on pin 2. In conjunction with Q1
and C3, the op amp essentially funetions as an integrator, which stretches the continually varying pF‘-
riads of the input pulses Lo a relatively constant period with a higher average dc value.

Inverters IC1-c and IC1-b buffer the peak detector’s output to trigger 104, an MC145368 pro-
grammable timer.
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Continuity Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figurc number in the box of each circuit correlates to the entry in the Sources section.

Short-Circuit Beeper

Adjustable Continuity Tester
Simple Audio/Video Cable Tester
Audible Continuity Tester
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SHORT-CIRCUIT BEEPER
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ELECTRONIC DESIGN Fig. 19-1

This design offers a way to trace resistance in the milliohm range, right to a short between
bridged traces beneath a solder mask. It simply translates resistance into an audible tone, which in-
creases in pitch as the measured value approaches zerc.

In the classic op-amp multivibrator (shown in the inset), oscillation frequency is determined not
only by the R1/C1 time constant, but also by the hysteresis set by the R /R, resistance ratio. Al in the
main figure, with current boosters @1 and QZ2, is this same configuration. .

Assuming a virtual ground at the output of A2, free-run frequency is about 1 kHz—quite audible
through a tiny 8-Q speakcr. Q1 and Q2 deliver a £10-V squarewave to R4, dumping a 100 mA
throygh a short circuit placed across the probe tips. RS -ensures that open circuit voltage never ex-
ceeds =0.1V.

A2 monitors the voltage between the prebes. The differential input must have its own separate
path to the probe tips to eliminate test lead resistance from the measurement. Miniature “zip-cord”
sold as loudspeaker wire makes a tidy two-conductor test lead.

When the probes are open, A2’ gain equals the R4/R5 divider loss, and the cutput of both am-
plifiers is identical. This has two effects: first, hysteresis is greatly increased and the frequency falls
to a low growl; second, the loudspeaker that bridges the two in-phase oulputs is effectively silenced.

The dead short across the probe tips will return nothing to A2 and the circuit will squeal at its
nominal 1-kHz rate. Anything less than a perfect short produces some output from A2, increasing
multivibrator hysteresis and lowering the pitch. The circuit has so much “leverage,” and the ear is so
-sensitive to pitch changes in this range, that it’s easy to resolve minute resistance differences.

Any general-purpose op amp will suffice in this circuit—a couple of 741s or an equivalent dual.
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ADJUSTABLE CONTINUITY TESTER
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ELECTRONICS NOW Fig. 19-2

A problem with most continuity testers is that the exact decision paint (circuit resistance} be-
tween continuity and open is indefinite. This circuit allows setting of this point to a known resistance
between 1 ard 50 .

SIMPLE AUDIO/VIDEO CABLE TESTER
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ELECTRONICS NOW Fig. 19-3

As simple as it looks, the audico/video cable tester tests cables while they are plugged in. You can
flex them vigorously while listening to the built-in buzzer.

Simply plug the ends of the cable in the appropriate jack. Only one end of the cable need be
plugged in for a complete short test; the other end is left free. If the buzzer sounds, there is a short
circuit somewhere in the cable. If nothing is heard, test for an intermitient short by fiexing the cable
several times, particularly in the plug area of both the free and plugged-in ends.
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AUDIBLE CONTINUITY TESTER
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Converter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources sectlion,

WWYV Converter

Simple HF Receive Converter

225-W, 15-V Output Converter

12-Bit DAC

Driven Flyback Converter

Sine-Wave Converter

SCR Converter

5-V, b-A Step-Down Converter

Syne-to-Asyne Converter

Differcntial Voltage-to-Current Converter
Direct-Conversion 7-MHz Receiver
Low-Frequency Converter

Programmable Current-to-Voltage Converter
Current-to-Voltage Converter with Boost Transistor
Current-to-Voltage Converter for Grounded Loads
Output-to-Current Converter
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WWV CONVERTER
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This converter heterodynes the 15-MHz WWYV signal with a 16-MHz oscillator so that it can be
heard at 1 MHz on an AM broadcast receiver. T1 and T2 are a modified 10.7-MHz IF transformer and

AM BC oscillator coil, respectively.

SIMPLE HF RECEIVE CONVERTER
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150 O

WILLIAM SHEETS Fig. 20-2

Designed for CB receptien, this crystal-controlled converter uses one 40820 dual-gate MOSFET.
The circuit will work with any crystal either 3rd overtonie or fundamental, over 1 to 50 MHz.
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225-W, 15-V OUTPUT CONVERTER

Power-li.nc 20-kHz inverter
15V bridge rectifier Output bridge rectifier
60 Hz 4 oA
:D: 3| A —15v+
-
- "] Rl N3 e
T2 H+
C1 Qs cs
L L 3
ml k8 R9 mg i
R2 : . VA A
1 N1 | Nz
R113 !
- r Dz D3
N2 c2 R10 ::
——I '——-l N4 4
R3 RS Q@ Q7 D4 Ds
z2
m(ﬂ') 3
| el o gl,; 4t
R4 :: zZ3 - P4
L RG 4:
. E
p e >
Error-feedback amplifier E
McGRAW-HILL Fig. 20-3

A converter designed to supply +15 Vdc is shown. This converter is several times lighter in weight than an equivalent.



225-W, 15-V OUTPUT CONVERTER (Cont.)

C1 — 2500 pF, 350 V Electrolyic Q1, Q5, QB, — 2N&307
C2 — 0.1 uF Disc Ceramic Q2, Q4 — 2N5052
-C3 — 0.1 uF Paper Q3 — 2N5345
C4 — 10 uF Electrolyic Q7 — 2N48790
C5 — 0.25 pF Paper Q8 — 2N3905
D1 — MDA-980-4 Bridge Rectifier Assembly Q8 — 2N3903

D2, D3, D4, D5 — 1N5826, 20 V15 A

All Resistors in Chms and /2 W Unless Otherwise Noted

R1—1,10W R10—1K
R2 — 100 R11 — 10K
R3 — 82 R12 — 270
R4 — 22K R13 —1K
R5—1.5K, 15 W R14 — 7.5K
R6& — 200 R15 —2.5K
A7 —15 R16 — 5K
R8 —4.7K R17 — 3.5K
A9 — 51

T1 — Core — Magnetics Inc. 80623 — 1/2 O — 080
N1, N2 — 20 Turns Each, No. 30 AWG (Bifilar)
N3, N4 — 3 Turns Each, No. 20 AWG

T2 — Core — Amold 6T 5800 D1
N1, N2 — 100 Turns Each, No. 20 AWG (Bifilar)
N3 — 7 Turns No. 26 AWG
N4 — 12 Turns Each, No. 12 AWG {No. 16 AWG, 3 in Paraliel)

Z1—1N4733, 51V
22, 73 — 1N4760, 68 V

Z4 — 1N4736
12-BIT DAC
_ _ +5Y
3] —L J\ 43 .
mug . DAC8043
\8;
Vi ] R ]
Your
n 2R m 0

17.8k£2

Ve = 1205V 36.5k82

R2
15K$)

(1]
AD5BY
Ré
2k
$OT. FiLM

2 ?7"3

semmaL | CIR - N
DIGITALS SR ALL FIXED RESISTORS 1%, s50ppm/°C

INPUTS | LO U2 = OP295 OR ADB20/ADE22
(SEE TEXT)

ANALOG DEVICES Fig. 20-4

This circuit uses an Analog Devices DAC-8043 12-bit multiplying [YAC. The output voltage will
be D/4096 x V, where D is the numerical value of the digital input word (0 to 4095). V _,is 1.235
volts.in this circuit.
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DRIVEN FLYBACK CONVERTER
+5V
[a ) + L .
L ¢ 25 4 200
wouF> 32 lfﬂ v 300 02 Q.
Vi i INV w C‘ L* 20T
Rl ! o1
WA NI Es ]
5k0
L]y C .J .L 1
ReF TE » M) Core = Ferroxcube
2213P-A250-387
Rr K, : SVT60-5
2k
¢ G+ L
0.02 uF 1N916 3
o— 05C C,— 4 ,_“,
4.7 2N2222
SH COMP | M,
510 £2
GND T 180
[ _
Ground (.001 uF
McGRAW-HILL Fig. 20-5
This circuit uses an 5G15624 Silicon General regulating pulse width modulator and provides 15
V from a 5-V supply rail.
SINE-WAVE CONVERTER
+9V
T 0.01 wF
4 .
= AN — Sine-wave
113 16 ; output
Clock 14 . VAYAY - . o
B e— CD4018 5
A VAVAVE
2 8 7 8910121511 AAA ] 47 kO :I“““*F
= 20 kS) (4)

WILLIAM SHEETS

Fig. 20-6

This circuit produees a sine wave with a low-frequency clock input. The clock rate should be 100

Hz or less.
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SCR CONVERTER

+23V
i
39002
1w
GE 2N656A GE 2N656A
D)
0.1 uF L7 0.1 uF
. H Trigger
Trigger | g GE pulse
pulse ‘ilN536 IN536 output
output
o —TL )
"_“—;—E\ 9 10,13, & 16
N
SCR1 F 0.1 HF

7N GE 1N609A

F:JCM)A 11,12, 14, & 15
SCR2

| S -

)

]

i

t

! circuit C404 ¥ mH 233 35 mh 155 v
: =P

\Fig. 838/ = | 28V ‘
|

1

1

!

1

McGRAW-HILL Fig. 20-7

Two SCR devices are used in a push-pull driver to convert 28 Vde to 155 Vdce, using the trans-
former and bridge shown. A center-tapped transformer with 24 V:120 V could be used for 60-Hz ap-
plications, The trigger circuit supplies a push-pull drive signal.

5-V, 5-A STEP-DOWN CONVERTER

Input
10 Vio 40 v Output
{10 Vo 60 )

Naw

220 MAXIM
wF MAX724
(MAX724A) 470
A FB

27k

0.01

uFI

1
|

5A step-down convertar

MAXIM Fig. 20-8

This circuit is useful where power must be distributed by a higher (10 to 60 V) bus. The circuit

reduces power dissipation and eliminates inefficient passive linear regulators. The switching fre-
quency is in the 100-kHz region.
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SYNC-TO-ASYNC CONVERTER

DTE Syn¢ MAX238 MAST838 MAX238 Asyn¢ DCE
Z 5
2 - o<} - w9 o<} - ?
] - 3 o "1 >0 - 3
15 8 7 DC § : 2 4,91 MHz
16 17 =
3 15 3
- . BT A BT }: l DB2s F
DB25M m % |} P =B Tcg
1 -t - 7 (cOMmmon}
ﬂ a_T ,’I_—\ L 1N4D01
"D L]
7 g & Regulator 9412V
13 15 +5¥
T N N
14 18L65
RTS 184001
I - {— 418
Point-topoint acapter wiring Notes:
) 1 » Maxim RS232 interface: MAXZ38
5.8 oSipex &/S converier: MAS7538
'ﬁi -------- 2 *Generic requlatar: 78L05
8.8 «C1 and Cg = 20-pF disk-typs; other
g....J0 capacitars {6} =1 uF, 35 ¥
10........ 10 *Resistor = 1/2 W, 5%
14........ 15
17.....17
x.......20
H....n
.8
ELECTRONIC DESIGN Fig. 20-9

This simple converter consists of two ICs and a voltage regulator. The Sipex MASTE38, which acts
as the converter, selects the conversion speed to that of the synchronized data clock. It has internal
switches and registers to perform the async-to-sync, or sync-to-async, conversion. The Maxim MAX238
provides the RS5-232 drivers and receivers for interfacing with the data bus. These chips require a 5-Vde
power supply; a generic 78L05 reduces the +12 V at the DB25 pin 9 to the +5 V needed. A crystal fre-
quency of 4.1 MHz is suitable for converting to 19.2 kbits or a sub-multiple (9.6, 4.8, 2.4, etc.). Two
1N4001 diodes protect the external RTS (ready to send} control circuitry if the RTS is enabled by S1.
When JP1 is removed, the converter is transparent in the synec mode and no conversion will oceur.

The completed unit is mounted atop a universal breakout adapter, and the control lines are
jumpered according to the chart in the figure. The physical size is approximately 1 % 2.25 x 2.5 inches
and will easily plug into the DB25 socket on a synchronized data communications equipment (DCE)
comrmunication device.,

152



DIFFERENTIAL VOLTAGE-TO-CURRENT CONVERTER

o———\ v DESIRED Rg NEAREST 1% R

= = R, o= gL+ G GAIN ©) ()
Vin %RG INA118 -MA ! 1 NC NC
+ / 2 50.00k 49.9k
0—-——/ Ret | 5 12.50k 12.4k
- 10 5.556k 5.62k
b 20 2,632k 261k
! o 50 1.02% 1.02k
Load 4 100 505.1 511
200 2513 249
A, Iy Ervor 500 100.2 100
OPA177 | +1.5nA = 1600 50.05 4.9
OPAGDZ | +1pA 2000 25.01 24.9
OPA128 | +75fA 5000 10.00 10
10000 5.001 499

BURR-BROWN Fig. 20-10

DIRECT-CGNVERSION 7-MHz RECEIVER

10.8-MHz
IF TRANSFORME

2
3
L

INA NESD2

Vee

INB 0SC EMITTER]

GND
‘0SC BASE

OUT A QuTB

LOW-FREQUENCY.CONVERTER

4
E TO AUDIO
€ C2 E AMP

.04|.1F =
RADIO-ELECTRONICS

Fig. 20-11

An NE602 is used to mix signals in the 7-MHz
range with an LO and to produce audio output.

455-kHz
IF TRANSFORME
=
1 [+] :-'- t 5
AN H
I 1 c3
_____ L :E:.(MuF
= 45V
Hiwa NEss2 Vo8 = +5 T
0SC EMITTERE 3
Zine 1l o
3 7R L5 240pf
L |6ND 6 | 47OF
= 0SC BASE 10
XTAL?
our A ouT B2 AMHz
N
G2 0
1000pF =2 ROVR
RADIQ-ELECTRONICS Fig. 20-12

This eonverter circuit translates the 350- to
H00-kHz range to 4.35 to 4.50 MHz, enabling the
frequency range to be received on a conventional
shortwave receiver.
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PROGRAMMABLE CURRENT-TO-VOLTAGE CONVERTER

Ci Programmable current-to-voltage converter
e permits you to electrically select from 16 resistor
it NN values using bilateral switches.
P R3]
e N IC1 741 op amp (or similar)
o RS IC2  CD4066 quad bilateral switch
VT C1  0.1-pF capacitor
e = Rl 10-kQ, %-W 5% resistor
At 2 R2  4.7-kQ, %-W 5% resistor
AN R3  2.2-kQ, %4-W 5% resistor
R4 1.2-kQ, %-W 5% resistor
i > R5  100-Q, %4-W 5% resistor
1Ic1 OV,
5
=V
McGRAW-HILL Fig. 20-13

CURRENT-TO-VOLTAGE CONVERTER WITH BOOST TRANSISTOR

Dw20mA foag
N f__ Fil

L/

DAL
(0 o

ELECTRONIC DESIGN Fig. 20-14

A transistor such as the MJE200 can be added to an Analog Devices ADS30 to produce this cur-
rent to voltage converter. Loads to 260 mA can be driven, The 5- to 65-pF trimmer is for compensation.
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CURRENT-TO-VOLTAGE CONVERTER FOR GROUNDED LOADS

1 al
]
'J, - ',l
Signal 2 °
S SN
5

4
ADBX
r \

5.

fLoad =5 m
Ry
Load

Fig. 20-15

ELECTRONIC DESIGN

This circuit uses an Analog Devices ADS30
video differcnce amplifier. The circuit consists of
two differential inputs. Unlike a conventional op
amp, the AD830's output is nulled when the sum
of the differences of the two inputs is zero.

The AD830's stated unity-gain bandwidth is
60 MHz, and the device is capable of driving up to
+30 mA directly. The differential input voltage is
limited to +2 V, while the maximum power supply
is 15 V.

If more output current is desired, the AD83(
can drive a bipolar transistor (such as an MJE200)
directly. This will produce a one-sided output.

A ferrite bead can be placed on the base to
prevent oscillation under some conditions. Com-
pensation can be added by splitting R, and
adding a variable capacitor. A resistor can be po-
sitioned at the inpul to match the amplifier’s in-
put to a transmission line.

OUTPUT-TO-CURRENT CONVERTER

—1 * Ve CURRENT-SENSING
X INPUT RESISTOR
—x
AD5K24 lout
—
cuTPUT e = =
HI
SF 2y
F43
G
—_—Y, XY
¥ INPUT 70 " iout R =
—; Vg tor = Y
VT R
ANALOG DEVICES Fig. 20-16

Occasionally, it is preferable to generate a cur-
rent, rather than a voltage, output into the load.
The availability of differential inputs allows this to
be accomplished in any of the four basic modes.

If the output is to integrated, Z, can be sim-
ple high-quality capacitor, unloaded by an op
amp connected as a high-impedance follower.
Note that, if desired, one side of a rest switch can
be grounded.

The compliance constraint for this configura-
tion, where V| is an arbitrary common-mode po-
tential, is:

WV, + 1y (Z + RI<12V
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21

Crystal Oscillator Circuits

The sources of the fellowing circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to.the entry in the Sources section.

FET Quariz Crystal Oscillator

Crystal QOscillator I

FET VXO Circuit

UJT 100-kHz Calibration Oscillator
Crystal Oscillator with FM Capability
Crystal Oscillator II

de-Switched Crystal Oscillator

Crystal Oscillator with Adjustable Frequency
Frequency Doubler and Crystal Oscillator
Crystal Oscillator IIT

Caolpitts Oscillator
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FET QUARTZ-CRYSTAL OSCILLATOR

+9v
L1 c1
2.2mH R
CHOKE I
—0F——
XTAL1
1-10MHz at
4 MPF102
< R cz
T 1MEG 001 1‘
FY Yy
vy
= Az
47001 RFouT

POPULAR ELECTRONICS -Fig. 21-1

This oscillator uses an MPF102 JFET as an
active element.

CRYSTAL OSCILLATOR|

+8-12V
R3 Gl
3.3K 1
A2 1: :
4700 9 c =
2
Qi T
2N2647 ;
4 n——]
—u
R4
100K
“XTAL1 A1
+00kHz I':' 4791 W
L RFout

POPULAR ELECTRONICS Fig. 21-2

In this circuit, series-resonant crystal XTAL1
is used as a frequency-determining element.
XTAL]1 is between 0.1 to 10 MHz.

FET VX0 CIRCUIT
+12V
ca R2
K] 47002
A1 I? H
' MEG a1
il MPF102
O3 XTAL1
3.579MHz
880pF
L1 ce c3
- 10uH 680pF 01
= 2v
cs = p.p
385pF RFouT

POPULAR ELECTRONICS Flg. 21-3

An MPF 102 is used in a Colpitts-type oscilla-
tor in order to-pull the crystal frequency slightly.

UJT 100-kHz CALIBRATION OSCILLATOR

+5V
XTAL1*
—i0}
A2 q:
ATOQ P c1
A I
AbM
vy —
R =

A4T0{1
1 ’ 2
L)
v4 7404

*SEE TEXT =

POPULAR ELECTRONICS Fig. 21-4
This unusual 100-kHz oscillator (whose fre-
quency is determined by XTAL1) can be used as a
marker generator to calibrate the analog dial of a
communication receiver, or its output can be fed to
a-divider counter to produce a stable lower-fre-
quency output for use as a clock-signal generator.,
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CRYSTAL OSCILLATOR WITH FM CAPABILITY

+5-V Reg.
100 0
6.8 ki}
AYAYAY, .
Freq. set 0.01 pF
1to5pH
ﬁ;diéa 0.1 uF 27 pH .:,_t | 2
(o] & -
V RMS O ral 2N3563
300 to 3000 Hz 1 BB Xtal 25 OF
1(0;5 1M 48-MHz > 39k P
= (2 ard H—,
220k2 2 T o.001 uF overtone Output
= = parallel = 4g5q pF 015 uH 0.3V RMS
20 pF
I+ 1L
,I 10 pF T 0.01 pF 0.0t uF T 270 0
L L 10 ki)
Bias =
WILLIAM SHEETS Fig. 21-5

This crystal oscillater produces a good FM signal that can be tripled to 146 MHz and produces a
clean 5-kHz deviation signal for FM voice. The bias control is adjusted for cleanest audio while the 1-
to 5-pl coil is adjusted to set the oscillator frequency to the exact setting required.

CRYSTAL OSCILLATOR Il
c = SR
+1ov 1DOpF AMHZ-10MHz
L c2
100pF ~
K U1 o ¢ o RFout
7805 ca  Wpp
3 8 |7 616 T
uz
c3 NEGO2
‘ [T
_‘1,: re
POPULAR ELECTRONICS Fig. 21-6

An NE602Z can be used as a crystal oscillator.
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dc-SWITCHED CRYSTAL OSCILLATOR

All diodes
3.3k MPN3700 2N706
2N918
2N2222
X1 = 2.2 pF
__]__ 2N3904 etc. ~ O High-Z
= ‘ out
3.3 ki} L1
10 pF
Lo-Z
X2 o
I g out
- 4:1 turns
+8to+12V 3.3kO 3300 56 pF ratio
4
A R = I
Selector | il
switch | - 0.01 p.FI 100 0
|
|
’ l
|
7 +9t012V
N
VT

XNT 1k

WILLIAM SHEETS

Ly = depends on frequency

Xy = series resonant 3rd avertone
Frequency variation between crystals
10% typical max.

Fig. 21-7

This circuit is useful where several different crystal frequencies must be switched using a de
source. The values shown are typical for 40- to 60-MHz third-overtone crystals, Limitation on number
of crystals depends on PIN diode capacitanee and layout factors, but up to 5 or 10 crystals is possible.

CRYSTAL OSCILLATOR WITH ADJUSTABLE FREQUENCY

RADIO-ELECTRONICS

Fig. 21-8

In this crystal oscillator circuit, C3 adjusts the frequency of the oscillator for exact netting. The
crystal is a fundamental type. C, = 100 pF and C, = 1000 pF are typical.
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FREQUENCY DOUBLER AND CRYSTAL OSCILLATOR

INA Vel
NEG02
g . J5C | . .
EMITTER This frequency doubler produces a sine wave
0SC | & at twice the frequency of XTAL1. Notice that the
GMD  gase

output is taken only from OUT B (pin §), while
OUT A (pin 4) is left open.

RADIO-ELECTRONICS Flg. 21-9

CRYSTAL OSCILLATOR Il

These circuits are for use with a erystal-con-

U
NEGOZ gf? trolled LO using the NE602. C1, CZ, and C3 are
6 o 7 - ‘ for crystals in the 5-MHz region and are approxi-
s i T mately chosen from
103
100 1000
Gy = =DpF C;=——=7F
XTALY = Ry Srittz
. *SEE TEXT
SEETEXT (3 is for fine tuning the crystal frequency
RADIO CRAFT Fig. 21-10 and will be 20 to 50 pF typically.

COLPITTS OSCILLATOR

———— -

Here: L = T uHff, C| = C, = C, =~ 2400 pFY,

fMHz  [C1=100pFA/T | C2=1000pFA where fis in MHz. In this circuit, the oscillator is
+ 100 1000 free-runmning.
2 70 500
4 50 250
10 a2 100
20 2 50
RADIO-ELECTRONICS Fig. 21-11
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22

Current Source and Sink Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Current Generator
Voltage-Controlled Current Source
Voltage-Controlled Current Sink
Muitipie Fixed Current Source
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CURRENT GENERATOR

A1 +20V
1300 . .
A ’
{SEE TEXT) RS
X R7 1K R
I 5D;V i 0K 10007
: c1lr & R6 b
x1 1‘b ?& 1N52328 2 i:ﬁGDK. 100uA 1R01'?' ::
% sex 1044 JmA 1
1 10mA
TEXT) A :___T &
AMA Ad A @ AAA HANGE
vy Ty Yyw *
R3 R4 RS =
a.02¢ 1K

This circuit is useful for supplying constant
current Lo test semiconductors. V,, .. from U2
reads the voltage across the load connected to
I B13 adjusts the supply compliance from 1 to

about 18 V.

R13
OFF 10K,

I, COMPLIANCE
9 R14
Vi 1000 2N2906 |
T 1%, ViA-WATT METAL FILM -
POPULAR ELECTRONICS Fig. 22-1
VOLTAGE-CONTROLLED CURRENT SOURCE
v -
R2
1K
+Vin
]|
{1, = 1 mANVOIt Vi
™ NK =
NATIONAL SEMICONDUCTOR Fig. 22-2

A voltage-variable current source is shown in the figure. The transconductance is —(1/R,) as the
voltage gain from the input terminal to the emitter of Q1 is —1. For V., = 0 Vde, the output current is
essentially 0 mA de. Resistors R1 and RS guarantee that the amplifier can turn OFF transistor Ql.
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VOLTAGE-CONTROLLED CURRENT SINK

R5
1K
+Viy

NATIONAL SEMICONDUCTOR

l lo = 1 MANGIL (V)

Fig. 22-3

A voltage-variable current sink is shown in
the figure. The output.current is 1 mA per volt of
V., (as R, = 1 kQ and the gain is +1). This circuit
provides approximately 0 mA output current for
v, =0VDCL

MULTIPLE FIXED CURRENT SOURCE

(+15Vged

-NATIONAL SEMICONDUCTOR

Fig. 22-4

A multiple fixed current source is provided
by the circuit. A reference voltage (1 Vdc) is es-
tablished across resistor R3 by the resistive di-
vider (R3 and R4). Negative feedback is used to
cause the voltage drop across R1 to also be 1 Vde.
This controls the emitter currerit of transistor Q1
and if we neglect the small current diverted into
the (=) input via the 1-M} input resistor (13.5
LA) and the bhase current of Q1 and Q2 (an addi-
tional 2% loss if the B of these transistors is 109),
essentially this same current is available out of
the collector of Q1.

Larger input resistors can be-used to reduce
current loss and a Darlington connection can be
used to reduce errors caused by the B of Q1.

The resistor, R2, can be used to scale the col-
lector current of @2 either above or below the 1-
mA reference value.
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23

dc-to-dc Converter Circuits

The sources of the following circuits are confained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources sectior.
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Isolated de-to-de Converter

de-to-de Converter 1

Ultra Low-Power dc-to-dc Converter.for Personal Communications Products
Negative Step-Up de-to-de Converter

de-to-de Converter 11



ISOLATED dc-to-dc CONVERTER

+ 8 VCC
A
NG
D4 & L 5VOLTTO Load
1N4002
8 c20 l |

22MF

1 J_ -
c21 + 1

3 SEC PRI 22 MF /*/ D5

ouT . | T

=T * >
i 5 volt return from load

D5 5.2 volt Zener diode

C
[T

IGNG

» B‘!PASSHESE" -

c19

73 AMATEUR RADIO TODAY Fig. 23-1
A NEBBE timer is used to drive a small transformer to change the 5- to 7-Vp-p output of the

NEBAHS to a suitable value to drive a rectifier/Zener combination. This method is useful where a small
isolated power source is needed.

de-to-dc CONVERTER

50 V IN40OT
+ +50t0 150 V

2N3569, etc.
NPN switch -
transistor

WILLIAM SHEETS Fig. 23-2

This converter should be useful where a few milliamperes of dc at a higher voltage than available

supplies can deliver is needed. T1 is typically a 1 k@ CT:10-kQ transistor audio transformer. De-
pending on T1, about 50 to 160 Vdc can be obtained at a few milliamperes.
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ULTRA LOW-POWER dc-to-dc CONVERTER
FOR PERSONAL COMMUNICATIONS PRODUCTS

5TQ7CELL

INPUT _"__|
15uF
I a2y

N
0 Vin

CTX33 1 av
— > > 120mA

SHUTDOWN sz N - — 20ma
OFF -LTC1174658 i MBRO520L 1 e T3F
i i 20V
J__ IrGM FB = 1
GND -

- k
T 5

pivrsy

C1: PANASONIC SP SERIES (201) 348-4630
C3: AVX TAJ SERIES (803) 956-0690
L1 COILTRONICS OCTAPAK (467) 241-7876

LINEAR TECHNOLOGY Fig. 23-3

The LTC1174 step-down converter is designed specifically to eliminate noise at audio frequen-
cies while maintaining high efficiency at low output currents. This circuit shows a 5-V, 120-mA out-
put derived from 5 to 7 NiCad or NiMH cells. Small input and output capacitors that are capable of
handling the necessary ripple currents help conserve space. In applications where shutdown is de-
sired, this feature is available (otherwise short this pin to V.-

The LTCL174’ internal switch, connected between V, and V_, is current controlled at a peak of
approximately 340 mA. Low peak switch current is one ol the key features that allows the LTC1174
to minimize system noise compared Lo other chips that carry significantly higher peak currents, eas-
ing shielding and filtering requirements, and decreasing component stresses. Qutput current of up
to 450 mA is possible with this device by connecting the 1 pgm pin to V, . This increases the peak
current to 600 mA, allowing for a4 high average output current.

NEGATIVE STEP-UP dc-to-dc CONVERTER

I T Tt
B Vw 0000F R
T 12.7%
FB +
1 “wmav2
G i+ .
k- o A Maxim MAX724 is used in a step-up switch-
GND 1°3°5°¢‘F ing converter to provide —15-V output from a -5- to
—15-V input,
0.01F
"
SOV Yo
MAXIM Fig. 23-4
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de-to-de CONVERTER I

' = +12V 150-175

%2 LT VDC OUT

' K 48K ¢

470 N
I’J VWA E (03] D2
l———o
g |7 |6 P=20T % Sw100-200T b

-
+
Y
AR
v
>

U1 ' D3 D4
555 D1-D4
Ti* 1N4005
]1 2 |3 [4 Qi
. IAF511 ca
15
(En )
T ) L pd
k- -
POPULAR ELECTRONICS Fig. 23-5

In this de-to-de converter, the 555 is used to produce a rising and collapsing field in T1’s primary,
generating a high voltage in T1's secondary winding. That voltage is then full-wave, bridge rectified
by D1 through D4, and filtered by C3. T1 is an Amidon Associates EA-775-375E core and nylon hob-
bin, with #26 wire for the primary and #28 or #30 for the secondary. About 5 W of power is available.
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24

Decoder Circuits

The sources of the following circuits are contained in the Sources section, which hegins on page
707. The figure nurnber in the box of each circuit corrclates to the entry in the Sources section.

DTMF Decoder

FM Stereo Decoder

Typical NE567 Tone Decoder Circuit
Video Line Decoder I

Video Line Decoder 1T
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DTMF DECODER

+BV +BV
1?)1( 3 MOD1
AN Mocs el M4y Vpp|QUCISIOIAER
e o 26 13 s
R2 3 PB6 D6 RO 4o
o Voo 4
10K I°s1 w0 ° pedZ s ves 1 10K 3
Ry =l=lg peal2t— 1 pa w
10K ‘[052‘5 . VP ppal22 . Qips vold
AA—S PC1 PR2 22 9 D2
pe =l | pail2l__8lp vols BV
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ELECTRONICS NOW

Fig. 24-1

This DTMF decoder uses a Motorola 68705P3 microcontroller and a 75T202 DTMF receiver (Sil-
icon Systems, Inc.). An LCD module is used for the display (MOD1). Switch S1 is used to scroll the
display, 52 clears the display, and 383 clears the memory.
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FM STEREO DECODER
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NATIONAL SEMICONDUCTOR Flg 24-2

Using an LM1800, this circuit takes composite baseband MPX input and recovers L7R audio
channels. The VCO is set for 19 kHz (or 15.7 kHz for TV applications) or as needed.

TYPICAL NE567 TONE DECODER CIRCUIT

. O +Vgg 50V

4 1kQ & AL
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3 8 ) .
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T o J T
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X =<2k @ F, LHz Cy=2C
Cg }LF
ViV
WILLIAM SHEETS Fig. 24-3

This circuit illustrates use of NE567 as a tone decoder.
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VIDEO LINE DECODER |
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ELECTRONICS NOW Fig. 24-4
This line decoder uses only one pin for the line indicator.
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ELECTRONICS NOW Fig. 24-5

This circuit will preduce pulses useful for gating lines 24 and 257 of a video signal, but by chang-
ing the decoding logic, other lines can be decoded.
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25

Delay Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Time-Delay Generator
Simple Time Delay Circuit
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TIME-DELAY GENERATOR
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Fig. 25-1

This circuit uses a charging capacitor and three comparators to read the voltage across it.

SIMPLE TIME DELAY CIRCUIT

8 4
RS 10Ky Res .
49— Dis Qut—CTo
T=1.1RC
_ & 555 alarm
Trigger L Thr
G 2 Trig FM %_
=C 0.01 puF
T T

ELECTRONICS NOW

17
L

Fig. 25-2

Rotating the potentiometer wiper will change the time delay from the 555 IC.
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26

Detector Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the ertry in the Sources section.
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High-Speed Peak Detector with Hold and Reset Controls
Lock Detector

Linearized RF Detector

Glitch Detector

VCR Video Detector Controller
Grid-Leak Detector

Negative Peak Detector
Double-Ended Limit Detector
Positive Peak Detector

LM5B56 Timer Frequency Detector
Single-Comparator Window Detector
15-kHz Tone Detector

Crystal Radio Detector

Switch Closure Circuit

Air Flow Detector

Low Drift Peak Detector

Negative Peak Detector

Positive Peak Detector

455-kHz AM Detector

ac Noise Detector



HIGH-SPEED PEAK DETECTOR WITH HOLD AND RESET CONTROLS

15v
? 1K

0.001 yF

POLYSTYRENE I

—
284391

200 g
INPUT O=—AAAy—t +

2
SAMPLE/HOLD O—E

O >
i)

RESET 0—E|

2N43

NATIONAL SEMICONDUCTOR Fig. 26-1

The LH0033 and LH0063 are useful in high-speed sample-and-held or peak detector circuits be-
cause of their very high speed and low-bias-current FET input stages. The high-speed peak detector
circuit shown could be changed to a sample-and-hold circuit simply by removing the detector diode
and reset circuitry. For best accuracy, the circuit can be trimmed with the 10-kQ offset adjustment
pot shown. The circuit has a typical acquisition time of 900 ns, to 0.1% of the final value for the 10-V
input step signal, and a droop rate of 100 uV/ms. Even faster acquisition titne can be achieved by re-
ducing the hold capacitor value.
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ELECTRONIC DESIGN
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LOCK DETECTOR (Cont.)

This PLL lock indicator not only can detect a “locked” or “off-of-lock” condition, but also even if
a single pulse or transition has been missed.

When being sampled by the flip-flop, if the V signal leads the input reference signal # and the rising
edge of R is lost, the D signal will remain high throughout the interval, allowing the flip-flop to be clocked
high (Fig. 26-2A). If the R signal leads the V signal when the transition is missed, the rising edge of the
V signal will trigger the I signal of the phase detector, causing the LED to blink (Fig. 26-2B).

A "lock” detector often is used with a phase-locked loop (PLL) or synthesizer to indicate when
the loop is phase-locked with an input signal. This circuit can be helpful, but single cycle skips usu-
ally will go undetected because of the presence of the low-pass filter.

LINEARIZED RF DETECTOR
Wt LEM
oo Red
. On J_
I Ry ' 02
B = ¥ WM
oy _'T‘_ 1.3k I 1-02u ;
91 C1a
A N1 | 1.00F :;"k
RF
input > v *Pp—e S AAY
B Lo¢
5.1k T~ 3,g1g|= §20 |
____r —_— —
Inpul range: 108 mV rms ¢ 58 ¥ rens (2%)
ELECTRONIC DESIGN Fig. 26-3

The circuit produces an extremely linear de output for RF inputs between 80 mV rms and 4.0 mV
rms. For inputs below 50 V rms, the dc output quickly drops to 0 V.
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GLITCH DETECTOR
#12V

+12V

POPULAR ELECTRONICS Fig. 26-4

In the circuit, two op amps (half of an LM324 quad op amp) and an SCR are direct coupled in a de-
voltage monitoring circuit. Op-amp Ul-a is configured as a voltage follower, which feeds the bridged in-
puts of the second op amp, Ul-b, A resistor/capacitor combination (R2/C1) connected to the negative
input of UJ1-b forms an RC time-delay circuit. As long as there is no change in the dc-voltage level at
either of Ul-b’s inputs, its output is near zero. If a veltage glitch occurs, the RC timing circuit will delay
the voltage change at the op amp’s inverting input, causing its output to go high, triggering SCR1 and
causing LEDI to light. The circuit’s sensitivity allows itto detect voltage changes in the millivolt range.
Pressing S1 diverts the SCR's holding current to ground, causing it to turn off and reset the circuit.

VCR VIDEQ DETECTOR CONTROLLER

TO

V4 d_ CIRCUIT
} UNDER

"CONTROL

$ Ri
* 10K
;
A D1
1N4148

AAM

POPULAR ELECTRONICS Fig. 26-5

This circuit uses the video output from a VCR or camera to control a relay. Video turns on @1,
cutting off @2, allowing @3 to be forward biased, activating relay K1. You can use the timer in your
VCR and this unit to generate long time delays as well.
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GRID-LEAK DETECTOR NEGATIVE PEAK DETECTOR

Vin Qi

ELECTRONICS NOW Fig. 26-6
Tuned-circuit receiver with grid-leak detec-
tion. NATIONAL SEMICONDUCTOR Fig. 26-7
DOUBLE-ENDED LIMIT DETECTOR POSITIVE PEAK DETECTOR
+tYee

Vi o—e 0_..__‘“_,1
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Vin < Vig OR Vi > Vi = =
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1 M

POPULAR ELECTRONICS Fig. 26-8 | NATIONAL SEMICONDUCTOR Fig. 26-8
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LM556 FREQUENCY DETECTOR
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ELECTRONIC DESIGN Fig. 26-10

The circuit (see the figure), is built around an LM556 dual-timer IC. The 556% first timer is wired
as a one-shot and is used to stretch the incoming pulses into fixed-length pulses. The second timer,
which is similar to an astable multivibrator (pin 13 remains disconnected), functions as follows:

The one-shot’s fixed-length pulses, which are output on pin 5, turn on @1 and discharge C2
through R&. If the frequency of the pulses is high enough, the voltage on C2 will fall below % VCC and
the second timer’s output, pin 9, will go to a logic 1. Conversely, if the frequency is low enpugh or.is
zero, the voltage on C2 will charge through R6 to a level above % VCC, and the pin 9 cutput will go to
a logic “0.”

The idea is to keep the upper and lower peak veltage on C2 below % VCC and ¥ VCC, respectively
for a logic 1, and above % VCC and 4 VCC, respectively, for a logic 0.

To find the one-shot values, R3 and.C1, select a pulse width (1.1 x £, x C|) that’s greater than
the largest input pulse width and less than twice the inverse of the highest input frequency. To find
R5, R6, and C2, first determine the duty cycle (¢, /) of the input signal. Next, choose a standard
value for C2 and calculate R6:

[ty X 06132+ £,4]

il Cg

Also, R, = R, (2,/t ). A tweak of resistors RS and R6 might be needed to get the preferred re-
sponse. Input signals with low duty cycles work the best. Finally, notice that capacitors C3 and €4

can be any value between 0.01 and 0.1 pF.
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SINGLE COMPARATOR WINDOW DETECTOR

VRer
50¥
Ry Ry
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ELECTRONIC DESIGN Fig. 26-11

Simply by adding two steering diodes, a window detector can be buill using oniy a single com-
parator. The detector performs wcll for windows of about 1 V or greater, but it isn’t suitable where
-extreme precision is required because the forward drops of the diodes vary.

In the basic circuit, two resistive dividers set threshold voltage levels ai both the inverting and
noninverting inputs of the comparator by dividing the reference voltage. The inpul voltage is steered
‘to the appropriate comparator input by diodes CR1 and CR2.

When the input voltage is within the window, neither diede conducts, and the comparator is bi-
ased for a lugh output. When the input goes above the window, CR2 conducts and pulls the inverting
input high, causing the comparator output to go low. When the input voltage goes below the window,
CR1 conducts, pulling the noninverting input low, again causing the comparator output to go low. The
source resistance of ¥V, must be low compared to the equivalent parallel resistance of each divider.

15-kHz TONE DETECTOR

1k LED
5-9 Vde ‘—T_JWV—@
4V )
i 3
Slgnﬁ_:o—"‘; Input gutput
Ry GND
1& LM567
5/ Bandwidthi2 ¢ o This circuit detects the presence of a 15-kHz
c T fier o audio signal and light the LED when it does so.
0.01. }LE Output filter | 1 wF
U Co
Ground O— E 2
Fel - =
11Rr Cr
ELECTRONICS NOW! Fig. 26-12
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LCRYSTAL RADIO DETECTOR

5

ELECTRONICS NOW! Fig. 26-13

This is a crystal detector receiver with headphones (Fig. 26-13A), audio-frequency signal (Fig.
26-13B), modulated signal (Iig. 26-13C), and a demoedulated wave (Fig. 26-13D).

SWITCH CLOSURE CIRCUIT
: P1__{___zuk |
0.0015 .F /]
Isalated \ _E
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"
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LY

Load

130 mA max. 2.0022 ,F

ELECTRONIC DESIGN Fig. 26-14

A standard proximity detector circuit for the Cherry Semiconductor C8209 IC can detect an iso-
lated switch closure by adding a few turns of wire around the circuit’s inductor (Radio Shack 273-
102). Moreover, the technique doesn't require any isolated power (see the figure). With the switch
open, the potentiometer Pl is adjusted until the output switches off. When the switch is closed, the
@ of the circuit changes and the output turns on. Capacitor C1 should be silvered mica, and poten-
tiometer P1 should be a multiturn type such as the Bourns 3006P-1-203. A 9-V supply can be used
for Vec.
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AIR FLOW DETECTOR
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POPULAR ELECTRONICS

LOW DRIFT PEAK DETECTOR
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455-kHz AM DETECTOR
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Figure A. The LTC1278 undersamples the 455-kHz Figure B. Demodulating an IF by undersampling
carrier to recover the 5-kHz modulating signal

LINEAR TECHNOLOGY Fig. 26-19

The LTC1278 undersaniples the 455-kHz carrier to recover the 5-kHz modulating signal. The ap-
plication shown uses the LTC1278 to undersample {at 227.5 ksps} a 455-kHz IF amplitude-modu-
lated by a 5-kHz sine wave. Figures 26-19A and 26-19B show, respectively, the 455-kHz IF carrier and
the recovered 5-kHz sinc wave that results from a 12-bit DAC reconstruction.

ac NOISE DETECTOR

POPULAR ELECTRONICS Fig. 26-20

rl\

his circuit can be added to the glitch detector to trigger on ac noise.
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27

Differential Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Basic Op-Amp Differential Amplifier
Precision High Gain Differential Amp
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BASIC OP-AMP DIFFERENTIAL AMPLIFIER

R2
AR
R1
Vin1 o VWA —
W / © You
Vin2 o ANA- " +
%4
McGRAW-HILL Fig. 27-1

In most cases, B, is equal tc £, and R, has the same value as K. These equalities don't always
have to be true, but they do significantly simplify the circuit design in most practical applications. In
any case, for a true differential amplifier, the B.:R, and R,:R, ratios must be equal. That is:

RS
,Rl

R,
RZ

The circuit still functions even if these ratios are not maintained, but the signals at the inverting
and noninverting inputs are subjected to differing amounts of gain, which would be undesirable in
most practical applications.

R =R,
Ry=ER,

These resistance ratios determine the gain of the amplifier:

o B B
B R
Assurning that the resistance ratios are maintained, the output voltage is equal to the differences
between the two input voltages, multiplied by the gain. That is,

Vour =G x V=V,
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PRECISION HIGH-GAIN DIFFERENTIAL AMP

ha

INPUT ouTPyT

(%)

MAXIM Fig. 27-2
This circuit has a gain of 60 dB and a gain bandwidth of 8 MHz.
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28
Display Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

188

Multiplexed BCD Decoder-Driver Circuit
Color-Shifting LED Display

Stereo Level Display

High-Efficiency Display Contrast and Backlight Control
Bar-Graph Level Gauge

Simple Color Organ

Voice Level Meter

LCD Contrast Temperature Compensator

LED Bargraph Driver Circuit



MULTIPLEXED BCD DECODER-DRIVER CIRCUIT
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ELECTRONICS NOW

Fig. 28-1

The BCD decoder-driver circuit will interface with any standard BCD output to produce a digital

display.

COLOR-SHIFTING LED DISPLAY
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POPULAR ELECTRONICS ng’. 28-2

This circuit is used to make a tricolor LED
gradually change color from yeliow to red to yellow
to green, and then back to yellow, where the cycle
repeats. [tis very simple to make, and the theoryof
operation is also simple. Both of the timers in the
556 dual oscillator/tinmer are configured for astable
operation with a 50% duty cycle. One timer is sct
to oscillate much faster than the other, The timing

‘capacitor voltage of each is sent to two compara-

tors, which apply a voltage across the tri-color LED
whose polarity depends on which capacitor voltage
is higher. The rapidly changing capacitor’s voltage
causes the red and green elements of the LED to
be alternately lit, thus giving the illusion of yellow
light. As the slowly rising and falling voltage from
the slower trimming capacitor changes in average
value, it shifts the duty cycle to favor one color or
the other. That gives the transition between colors
a smooth appearance.
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STEREO LEVEL DISPLAY
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POPULAR ELECTRONICS Fig. 28-3

Two bar graph drivers and LEDs are used in this volume (level) indicator. R3a and R3b set the sensitivity of the circuit. The
LEDs can be either bar graph units or individual LEDs can be used.




HIGH-EFFICIENCY DISPLAY CONTRAST AND BACKLIGHT CONTROL
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LINEAR TECHNOLOGY Fig. 28-4

The 1T1182 and LT1183 are compact high-performance sohitions for powering LCD screens
used in portable computers and instruments. Backlight control using a Cold Cathode Fluorescent
lamp (CCFL) is accomplished with a switching regulator at efficiencies.up to 90%. A second switch-
ing regulator converts the positive input to either positive or negative bias voltages used for LCD
contrast control. Both regulators allow full range of adjustment using a I/A converter, PWM or po-
tentiometer control. Grounded bulb configurations are also easily controlled with minimal parts
count. The 200-kHz switching frequency minimizes the size of transformers and external compo-
nents. A shutdown mode powers down both regulators and reduces supply current to just 356 HA.
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BAR-GRAPH LEVEL GAUGE
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A quad comparator and divider network form a 4-level comparator that drives 4 LEDs. R1 and
R2 can be used to scale the basic sensitivity of 260 mV/LED to higher voltages than the basic 1 volt
(for all 4 LEDs lit}).
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SIMPLE COLOR ORGAN

1 op amp
W22, 1C3, W04 LM3909 LED fiasherfoscillator
01, D2, D3 diode (1M914, 1N4148, or similan
D4, D5, D6 LEDy
T1 impedance-matching transformer (8 Q:1 kQ1—
see text)
C1,C2,C3, C4 0.1 wF capacitor
C5 0.047 pF capacitor
Co6 0.01 wF capacitor
C7,C8, 9 47 uF 6 V electrolytic capacitor
r1 100 k€} potentiometer
R2 47 ki) Ya W 5% resistor
R3 2.2 k& Ya W 5% resistor
R4 680 £} ¥4 W 5% resistor
‘RS 220 k) e W 5% resistor
R6 390 (1 Y4 W 5% resistor
R7 1.2 kfl ¥4 W 5% resistor
R3, R10, R12, R14, R16 10 k£ "4 W 5% resistor
RG 3.3 ki Ve W 5% resistor
R11, R13, RIS 33 kil Ya W 5% resistor
l ks
r——AAA——
Ci
o]
p R . 5
s
R12 Ic2 7
C{].'—— E 4 o B //
1] 4
R}
Audio Dz
R13
o c4 p
R14 5 3 .
]+
l-}, I3 <]
c5 4 8
I ,, jfx
RY D3
R15 (11
B
R16
+
5 2 9
R10
4 8
. o
6
D6
McGRAW-HILL Fig. 28-6

Three active filters that divide the audio spectrum into three bands drive rectifiers and then
drive IC2, 3, and 4, flashing the LEDs at 6 Hz. D4, D5, and D6 should be three different colors for best
effect.
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VOICE LEVEL METER

_ LED2- LED1

-

. . — o
° “OOODODDOD
R A Al At Attt el
BD42S P
g}z 1 D8 iz |6 |15 [ jis [z lu |
' uz 5
‘L_K‘]Jf ' LM3913 ]
1'?)2K== - 3 |s -.7 B (2 [4 |9
< 1
R15 L +1V
©boe 7N RIZE ¢ R
+ ] b 22 F TsK
MICT = LEDY =
L
-
c2
22
i
A6 c3
66K 22

This volume meter can be handy anywhere you need 10 measure the relative sound level in
a room. It is readily adjustable 1o increase its usefulness.

POPULAR ELECTRONICS Fig. 28-7

Using an LM3915 VU meter LED bar graph driver, 10 LEDs are driven. A simple audio amplifier
drives a detector circuit, which provides de drive for the LM3915,
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LCD CONTRAST TEMPERATURE COMPENSATOR

e 5V (V)
MAX716

Ra

Z

icd
"
cals 010 1.85V from internal DAC (Vas? |45

»n

==t ——

Juro
=10V to-15V

at 40 mA {V;)

o]
From oscillator
SE024

2 3 CD54 10 uF
4 56 uH WY

- L *13A1003-5: 200 kQ at 25°C:|:

= - {Alpha Tharmister Ing.) =

ELECTRONIC DESIGN Fig. 28-8

Negative temperature-coefficient resistor R5 modifies feedback in this switching regulator,
which results in a negative output voltage that varies with temperature. With properly chosen resis-
tor values, the circuit produces a temperature-compensated bias voltage that ensures constant con-

trast in an LCD.

LED BARGRAPH DRIVER CIRCUIT

LED1-LED10

ICt
LM3g14

1 2 3 4 5 sL 7 F] 9

I

L
R1
1K

D1 3
1N4001

112V

Rz
EK

1=

ELECTRONICS NOW Fig. 28-9

This circuit is used as an audio indicator. S1 selects direct input or a 1-k€2 (high impedance) au-
dio input. R2 is a sensitivity control.
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29

Driver Circuits

The sources of the following circirits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Two-Input Video MUX Cable Driver
Impedance-Matched Line Driver with 75-Q Load
Tests Driver for Hobby Servos

Stereo Line Driver

High-Speed Shield/Line Driver

Simple Neon Light Driver

High-Side MOSFET Driver

TTL-Based Speaker Driver

Low-Distortion Composite £100-mA Line Driver
Video Cable Driver

Coax Cable Driver

Ultra Low Distortion +50-mA Driver

Very Efficient Solenoid Driver
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TWO-INPUT VIDEO MUX CABLE DRIVER

& CHANNEL

SELECT D
EN A
ViN & + 5600
g

172111269

‘.‘A' ’

CABLE

Wout

756
75i1

LINEAR TECHNOLOGY Fig. 29-1
IMPEDANCE-MATCHED LINE DRIVER WITH 75-Q LOAD
Ry R
agdL 49942
|7—w. ' AAN—
U1 - AD818
n RG-8 OR RQ-59
v 75(1 CABLE
vpp 750 Your
W p-p
A
k111
ANALOG DIALOG Fig. 29-2
This cirenit is a wideband 75-Q line driver, for video applications (1 V p-p into 75 €2).
TESTS DRIVER FOR HOBBY SERVOS
POWER o +5V
CONTRGL AMAY ' Ri &
T R4 a |4 KT
B2042 B A3
1K
o (@—wi 7 oisp WA
2N3904 :.‘si Lnlle155 ) This circuit will generate the pulse used to
3loutr  THRES -3 52 contrel hobby servos. With the components shown
F aND ) the servo should produce a 90° total rotation.
GND !
Lol
=
POPULAR ELECTRONICS Fig. 29-3
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-STEREOQ LINE DRIVER

+18Y

(2) &) 50' RG 316

S a——s et
LEFT () = T
INPUT

RIGHT

b sh &
’ %———/ ©ouwur

ANALOG DEVICES Fig. 29-4
One Analog Devices OP-275 can be used for stereo line driver applications.

AIGHT (5
INPUT

-18v

HIGH-SPEED SHIELD/LINE DRIVER SIMPLE NEON LIGHT DRIVER
Rt
IMEG
1.5-3V
el
. DO (UNTERMINATED) 2N3804 Qz
v ) 2N3906
[o3]
or = egv \
r====9 =
INPUT O

I

| Rz
1 100K
]

1

b m ADD THIS
. RESISTOR
0.1 4F IF
J,_I NECESSARY
- v POPULAR ELECTRONICS Fig. 29-6

NE1, a neon lamp, is lit by this simple inverter
cireuil. T1 is a 20:1 turn ratio transformer (transis-
NATIONAL SEMICONDUCTOR Fig. 29-5 | -tor radio output, etc.).
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HIGH-SIDE MOSFET DRIVER

vCC
8 l?
12 A48
U4 100
3
Control LTC1154 AAN -
input
VCC a 5 To gates
of Power Mosfet
vGC
R23
47K
AR
High side charge pump lor
< driving powar mosfets
&
2M22224 Extra control for input and shut

down shown.

This input is pulled high fo W on Qi1
Q1 then pulls pin two low. turning on
the charge pump

73 AMATEUR RADIO TODAY Fig. 29-7

A Linear Technology LTC11i54 is used as a charge pump to drive the gate of a high-side power
MOSFET.

TTL-BASED SPEAKER DRIVER

c2
TO o 13 12 1{2
QUTPUT U1-d *
16 7404 SPKR1
POPULAR ELECTRONICS ‘Fig. 29-8

ATTL IC, such as a 7404, can drive a small speaker with enough audio to be used as an alarm or
annunciator. The speaker can be a 32- or 100-Q unit.
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LOW-DISTORTION COMPOSITE = 100-mA LINE DRIVER

+V =+ 12 TO <17V

)——l BE V= —12TQ -7V
*HEAT SINK U2
VOLUME ADBI1AN RS
S0kL 980
P— VA0 Vour
R1
GaIN =1 2
. z
R, A
LL1#] = 2=
SET 7, z !
A1
4KQ
M
ANALQG DEVICES Fig. 29-9

This line driver combines the high input impedance of an FET-input IC and a 106-mA op amp.
Ul’s output is left open. The compensation terminal (pins) drive U2's high-Z input for increased
overall phase margin. Gain is 14 dB, THD +&V al 5V, and RMS output is around 0.001% below 20 kIIz.

VIDEO CABLE DRIVER

¥in {T

[-T-1~1-]
h=.=.=
Vi

HFA1114

ELECTRONIC DESIGN Fig. 29-10

The driver's frequency response is tunable for a'specific cable length via components connected
to the summing node. By shunting R, ®_acts to increase the amplifier’s gain, and C controls the cut-
in frequency of the compensation.

These three components peak the amplifier’s frequency response to counteract the cable’s roll-
off characteristic. By squeczing more bandwidth out of a given cable, higher-performance cables
aren’t needed.
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COAX CABLE DRIVER

— 9.001 uF

*Fos LHOODZ, Ay = 10002, 1W
LHO033, Ry — 1001, 1W
LHOOB3, A = 601, 5W

50 ** Jumper for LHO033 and LHOGS3 only

NATIONAL SEMICONDUCTOR Fig. 29-11

Because of their high-current drive capability, the LH0002, LH0033, and LH0063 buffer ampli-
fiers are suitable for driving terminated or unterminated coaxial cables, and high-current or reactive
loads. Current-limiting resistors should be used to protect the device from excessive peak load cur-
rents or accidental short circuit. No current limiting is buill into the devices other than that imposed
by the limited beta of the output transistors. This figure shows a coaxial-cable drive circuit. The 43-

Q resistor is included, the output voltage to the load is about half what it would be without the near-
end termination.

ULTRA LOW DISTORTION +50-mA DRIVER

A2 R1
10042 9090

ANALOG DEVICES Fig. 29-12

For a 600-Q load, THD is typically —115 dB at 20 kHz, 3-V RMS output, with =15-V supplies. The
-3-dB BW is 6 MHz.
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VERY EFFICIENT SOLENOID DRIVER

+5 Ve
24-¥ rmg,
< | ATAAYT "™ il
unfiltered
115-¥ ac,
60-Hz line H Ry
— 1k
4
Snlemiﬂ
vl
Iom123456?ﬂ
Mitropracessor Serialdals 3 [ gy gyt Out Oot Gut Out Gul Ouf X H10]
Closk 211 2 3 45 6 7 8_—|8
Strabe I i
UCN5843
eiack UL
Sarial Data (8 bits)
fala
0.5 setonds
Strabe - |
1 kHz
_SUUUUULRIUAR LTI AU
Output Enable
Load voltage
ELECTRONIC DESIGN Fig. 2913

In the circuit showt, the IC in the center, Ul, conlains a microprocessor-compatible serial-in,
parallel-out shift register, with strobed latch and high-level solencid drives (see the figure).

The strobe pulse turns on the selected loads at full power for its pulse width, which is 0.5 sec-
ond. Following the strobe pulse, the driver outputs are pulse-width modulated by the multivibrator,
which is set for a duty cycle of 25%. The solcnoids are therefore held in the engaged position with a
voltage that’s 25% of the nominal supply voltage.

2B acts as the basic multivibrator in the circuit, and U2A sets the duty cycle by setting the dis-
charge current of capacitor C1. U2D overrides the oscillation during the strobe pulse. And U2C pro-
vides the Power-On Reset (POR), inhibiting the solenoid loads from turning on during the initialization
period of the microprocessor.
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30

Electronic Lock Circuits

The sources of the following circuits are conlained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Electronic Lock

Frequency-Based Lock
Simple Lock
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ELECTRONIC LOCK

+B-15Y
b
RE £ i B s T
1MEG 3 o l2 45K —— O
1] ‘v‘v‘v :
R7 Sl o O
} 45K -
< R3 01 WA~ S2 —————
¥ 0K R8 —o_°t
3 45K Sy =l
‘a 18 Q‘Z WA 0 9
Lt
Dt i Sy
1N9T4A Q, 7 N =l"e ¢
N R10 Ss O‘I’oﬂ
cz L+ a0 19 45K [ i
&7 Q, AN S, emom
Rt1 p—0 O
= 45K —
Qy LN e o o
< P4 Atz T
< S
< 10042 14 5 fff 8 o oe
Y Y-
——0 O
S, malm
»—r0 O
7o
LOCK-
DRIVING
CIRCUIT)
ca
A T

POPULAR ELECTRONICS Fig. 30-1

The heart of the circuit is a 4022 octal counter. When [irst powered up, C2 is charged via R5, so
the reset input of the counter is kept high. That causes output € to go high while all other outputs
are low. With the switches wired as shown, when 54 is pressed, the BS170 is switched on via de-
bouncing network R2/C1, and Ul receives a clock pulse. Also, C2 is discharged via R4 and D1, re-
moving the reset signal of the counter, allowing it to advance. The time required lor C2 to charge via
R5 (i.e., to reset the counter), is the maximum time that can lapse before the next key is pressed.
The above cycle is therefore repeated only il S8 {connected to the @1 output) is pressed in time.
When all keys have been pressed in time and in the correct order, Q7 goes high for about four sec-
onds to drive the “unlock” circuitry (e.g., a relay driver for an automatic door opener. A builder can
change the code by reviewing the switches. The code for the lock shown in the circuit diagram is 4-
8-0-1-5-7-0. However, the 4022 octal counter can be replaced by a 4017 divide-by-10 counter. That
will make it possible to add two more digits to the combination.
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FREQUENCY-BASED LOCK

Foueoo——1
CONTROLLED
. DEVICE) o—
i —
-1
- I B1 v o2 _H
a ; 9w 1N4001 K1
: S . o 4 &V
N K
8 . T LUNLOC . 4 8
. o o— {» i Dt
e U s3  [O 5 1Ng14
4049 L RESET o R2 & U2
11 o © =] s > 667
>— c S.'-.‘ 10K & [
' RESET < R3
.~y b4
14 T o WK
— . ] O 7] 2
S01
5 |8 a4 PL1 " ”
5.6K 22 T O,
cz L ol oN
1.1 ‘I‘ L i
POPULAR ELECTRONICS Fig. 30-2

The system is formed by two separate circuits—a key and a keyhole, The key engages the key-
hole with a mating pair of connectors. The key is a tonc-generator circuit consisting of a 4049 hex in-
verler CMOS IC (T71), switches (S1 and $2), a resistor (R1), and a capacitor (C1). The value of the
tone generated by that circuit in Hz is determined by;

1
(L4xR,C)

The keyhole is a 567 tone-decoder circuit that can be configured to detect any frequency from
(.01 Hz to 500 kHz. The frequency it detects (f,), via the 567 IC, turns on the relay (K1). Compo-
nents B3 and D1 are used to latch the ¢ircuit, so the output stays on even after the input tone is re-
moved. When 82 is pressed, the system is reset. Switch S3 resets the circuit from inside.

SIMPLE LOCK

=g
L

POWER

CIRCUIT SUPPLY

POPULAR ELECTRONICS Flg. 30-3

Only an appropriately wired plug of the right sizc will activate circuits with a nonshorting jack in
their power supply circuit.
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31
Fiber-Optics Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707, The figure number in the box of each circuit correlates to the entry in the Sources section.

Experimental Data Transmitler for Fiber Optics
Experimental Fiber-Optic Data Receiver
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EXPERIMENTAL DATA TRANSMITTER FOR FIBER OPTICS

+5Vdc
(o} R5

560
Exlernal input {see text)

Laser

McGRAW-HILL Fig. 31-1

This schematic for an experimental data transmitter uses optical fibers and a laser diode. Trans-
mission frequency of the free-running oseillator is approximately 3 kHz. RS might have to be varied
to suit your laser diode. IC1 is a CD4093,

EXPERIMENTAL FIBER-OPTIC DATA RECEIVER

+5Vdc

Q1

IN2222

Note:
Ground all remaining inputs
on 4093 IC.

R1
220k02

McGRAW-HILL Fig. 31-2

An infrared phototransistor acts as the sensor for this receiver. IC1a is a section of a CD4093
CMOS NAND gate.
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Filter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the bhox of each circuit, correlates to the entry in the Sources section.

State Variable Filter

Sallen-Key High-Pass Filter

Active Bandpass Filter Circuit
High-Pass-Filter

Second-Order Voltage-Controlled Filter
Combination Filter

Shortwave Receiver IF Filter

Pin Diode Filter Selection Circuit
High-Pass Active Filter

AM Broadcast Trap for Simple SW Receivers
Shortwave Interference Trap
Programmahble Analog Filter

Active Low-Pass Filter

Two Op-Amp Bandpass Filter

208

Single 3.3-V Supply 4-Pole State Variable Filter
High-¢) Notch Filter

Adjustable ¢ Notch Filter

Digital Comb Filter

Voltage-Controlled Low-Pass Filter

V3B Filter for LM2889

20-kHz Butterworth Active Filter

Bandpass Filter

Sallen-Key Low-Pass Filter

Active High-Pass Filter

RC Notch Filter

1-kHz 4th-Order Butterworth Filter
Saw-Filter Impedance-Matching Preamplifier
One Op-Amp Bandpass Filter



STATE VARIABLE FILTER
R

AN
EASR R i Wk i,
1 L.01 uF
- Rgmk
AN -
Input M
AN T "
PRy ok = e
R
A
Wk
Rqéﬂ.!k
= Q [+] Q
High- d Low:pass
e ier il
ELECTRONIC DESIGN Flg. 32-1

The state variable filter shown consists of only three op amps and a few passive components. It
provides several key features. These include the ability to simultaneously provide low-pass, high-
pass, and bandpass filter functions, and adjust bandwidth in a wide range by changing the values of
C,and B, The device also is easy to tune and simple to construct, while the quality factor (@) of cach
filter is independent of each ofher.

SALLEN-KEY HIGH-PASS FILTER

R1

A
C1 2
Input @ i€ l; | +
) R% ICT o .
utpu
) %Rs 5
iR‘Q

McGRAW-HILL Fig. 32-2

R3 and R4 set, the circuit gain

. i
fim———
. 2m Rl RZ C'l CZ

usually ¢, = C,, R, = R,

R,=0586R,
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ACTIVE BANDPASS FILTER CIRCUIT

a1l
it
R3
b A'A;
lnp:ut R1 e _ Output
7 i R2 C2 ! 3
& b &
McGRAW-HILL Fig. 32-3
In this circuit,
C,=C,=C
Q= ﬁ K = circuit gain, f, = cenler frequency
R = ¢
'o2nfCK
_ 29
o 2nfC
Po._ @
2nfC(2Q - K)
HIGH-PASS FILTER
1000pF  B20pF  1500pF
T4 50-0HM T0Q RECEIVER
ANTENNA
6800pF 2200pF
J.4uH 4 8uH
29 TURNS 30 AWG 35 TURNS 30AWG
ON T7-37-2 CORE = ON T-37-2 CORE
RADIQ-ELECTRONICS Flg. 32-4

This high-pass filter will attenuate AM stations by 40 dB. Its low-frequency cutoff is about 2.2
MHz. This filter is useful for SW listening in areas of high AM radio signal strength.
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SECOND-ORDER VOLTAGE-CONTROLLED FILTER
(a)

i, —e—1 [0 %
1Y) 2 X2
L 3 U1 W
T[4 aora U
5 2
o5 v
in 7|2 v
20Vpp [— N
3 1[x
Design equations forsecond-urder lowpass I ks
fftr == i U2 ;’1
; ADT34
Voul(s) _ U)ﬁ 5 2
Vin(s) 2, w : 6v
m s?+ Fn5+ mﬁ 7|2

2
where wf'l ={%] [?!T—]
172 For the above second-order Bessel low-pass filler.

’T
-y
and Q= Jo° fn(mx)=ﬁ'-(2‘:i)=495 kHz @E, =10V
=RC, o[l 562
T =RyCy 23
{b)

Compensation network if Ty or T2 < 200 ns

Ga TyorTy = (R +Ry)C

Cy 16.5ms = Ryl
b .o = R:{:g
Ry

ELECTRONIC DESIGN Flg. 32-5

Desirable second-order voltage-controlied low-pass filter response can be achieved with this
voltage-controlled filter (A). By using low-distortion, wide-bandwidth multipliers, it achieves higher
cutoff frequencies than switched-capacitor filters. If the circuit’s RC network has a time constant less
than 200 ns, it should be replaced by a lag compensator netwerk (B).
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COMBINATION FILTER

o Ry = R/Kz Q@ @
AAA

Center ;gegrencv o c

Vin Ay=Riy R [T fig 0
in 0 |

Gain adfust
1
jL]

L
—
™

Ry = RYKy R
—AA— - =
(see deslil; Ry=Riky
example
A

Damping
ELECTRONIC DESIGN Fig. 32-6
The classic “state variable” two-integrator filter is known for its insensitivity to component varia-
tions, and its ability to provide three separate simniltanecus outputs—Ilow pass, high pass, and bandpass.
Typically, a guad op amp is used to implement the state-variable filter. The classic configuration
uses two integrating amplifiers, a filter input amplifier, and a filter feedback amplifier.
The design described here combines both input and feedhack amplifiers into one adder/subtrac-
tor amplifier, achieving a three op-amp filter design (see the figure).

SHORTWAVE RECEIVER IF FILTER

33 pF X1 33 pF
Zg = 1500 Q) C3 C4 Z, = 1500 O
33 pF 33pF 33 pF
3-MHz IF filier
BW = 700 Hz
iL~4dB

X1 through X4 3.000 MHz =50 Hz
Cy = C1through C5 33 pF =5% NPQO

WILLIAM SHEETS Fig. 32-7

An inexpensive filter can be made from microprocessor crystals. This filter has 700 Hz BW (3
dB) and has a flat response (<1 dB) for about 400 to 500 Hz. Although a 3-MHz crystal was used, any
frequency from 2 to 15 MHz (using [undamental crystal) should work, with appropriate scaling of
components. Crystal resonant frequencies should match within 20% and preferably 10% of expected
bandwidth (which is narrower-as C, increases. Impedance’is reduced with wider bandwidths.
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PIN DIODE FILTER SELECTION CIRCUIT

02 ¢ [rumer | & Da D2
S| R [
$n2 RS 1E ch
.
R& T
A = 4";‘7 K15
R3 R4 D6 = 470Q
O O—— +12VDC ouT
st
—Ol
———Owlo— = —12VDC R16
47002
R11 R12
FyYVws AR

Ty vy
# ca
o7 D8 cz - C3 D10 D1t

i) 5 e

rY
W

o}

=

4: - qb
R10Z DQT $ho RE $ Tmz
-

R1-FR12 ARE 22K UNITS =
C1-C8 ARE .01 UNITS

1}

POPULAR ELECTRONICS Fig. 32-8

Selecting IF bandpass filters via series/shunt PIN-diode switching can be accomplished with this
circuit.

HIGH-PASS ACTIVE FILTER

L1
130K

cre
002 uF QUTPUT

L L41h) —|

*values are tor 100 Hz cutch. Usa
metalized polycarbonate capacitors.
for good temperature stability

NATIONAL SEMICONDUCTOR Fig. 32-9

213



AM BROADCAST TRAP FOR SIMPLE SW RECEIVERS

C1 C2 C3
0.007F 820pF 0.0015uF
| | | ||
L 4 . 2
[ || i -
c4a | _ 1 C5
0.005pF — —T1— 0.0022uF
25 turns 35 turns
#30 enameled wire #30 enameled wire
wound on wound on
T-50-2 form T-50-2 form

Hf—e

McGRAW-HILL Fig. 32-10

SHORTWAVE INTERFERENCE TRAP

Antenna .
i 120p 120pF
e 10000F_ "
1000pE To top of
LT in receiver
= 100pF 100pF 50-420pF trimmer
U | (Radio Shack, 272-1336)
24t or .
#26 enar::; od :: 266pF variable capacitor
wireon T-50-2 Nl (DC Electronics, #24TR218)
toroid form =
McGRAW-HILL Fig. 32-11

Build this interference trap to help block strong shortwave, broadecast, and FM stations from
coming in on the shortwave bands.

214



PROGRAMMABLE ANALOG FILTER

Digital
win ¥ 01 ¥

Pins 415 14

High-pass ot Bandpass out Low-pass el Notch out
ELECTRONIC DESIGN Flg. 32-12

The circuit in the figure shows how an analog, digitally programmable filter can be built using a
UAF42. This monolithic, state-variable active filter chip provides a two-pole filter building block with
low sensitivity to external component variations. It eliminates aliasing errors and clock feed though
noise common to switched-capacitor filters. Low-pass, high-pass, bandpass, and notch (band-reject)
outputs are available,

ACTIVE LOW-PASS FILTER

R2

Input

—————————0o Qutput

McGRAW-HILL Fig. 32-13
In this circuit, £, = 2
R, =Rk,
R;=12R,
Cl = Cz
1
I= 2nkC

This circuit has a rolloff of 6 dB/Octave,
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TWO OP-AMP BANDPASS FILTER

fo=1kHz
Q=25
GAIN = 15 (23 dB)

NATIONAL SEMICONDUCTOR Flg. 32-14

This circuit uses only two capacitors. The amplifier on the right supplies a controlled amount of
positive feedback for iinproved response characteristics. Resistors B5 and R8 are used to bias the
outveltage of the amplifiers at V+/2,

SINGLE 3.3-V SUPPLY 4-POLE STATE VARIABLE FILTER

8

10.0000F - wpt = TR % C1 x R2 » (2]
a1 ——l *.000pF A1 = g x B x L1
295" il ; ; R2 = Wflwyx C2)
Vi —WWA 8R62 . 1T 0.000p
* _ 10.0000F
1.V] 18Kk
/4 LT1367 A

+

24 BK*
AAA
\Ads

Vout

33V ASA

VUVV . 4
10k é L o
10K i 1% RESISTORS
£ L

LINEAR TECHNOLOGY Fig. 32-15
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HIGH-Q NOTCH FILTER

20

I T VT
BOOTSTRAPPED
o TWIN T
o~
%7 ]
& Ae—TWIN *T
T 20 [
=
z Bl
o 1o =60 Hz
-40
R3 P €03 100 K
5 MEG 0 ZeRiC FREQUENCY (Hz)
| = B0 Hz
3 czl—_ A1= A2 = 2A3 Response of High and Low Q Notch Fiiter
270pF  270pF -
2
NATIONAL SEMICONDUCTOR Flg. 32-16

This shows a twin “T” network connected to an LM102 1o form a high €, 60-Hz notch filter. The
junction of R3 and €3, which is normally connected to ground, is bootstrapped tothe cutpul of the
follower. Because the output of the follower is a very low impedance, neither the depth nor the fre-
quency of the notch change; however, the @ is raised in proportion to the amount of signal fed back
to R3 and C3.

ADJUSTABLE-Q NOTCH FILTER

VCUT

270pF 270 pF

fo =60 Hz

NATIONAL SEMICONDUCTOR Fig. 32-17

This figure shows a circuit where the @ can be varied from 0.3 to 50. A fraction of the output is
fed back to R3 and C3 by a second voltage follower, and the notch @ is dependent on the amount of
signal fed hack. A second follower is necessary to drive the twin “T” from a low-resistance source so
that thenoteh frequency and depth will not change with the potentiometer setting.
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DIGITAL COMB FILTER

16 13
Clock in 10 9 11 14
IC1 15

1
CDa040 7 2o 2
6 g (CB4051 1
a 11 5
6 2
7 4

8

77
Signal o

input oj',

This circuit uses an eight-step switching sequence, so n=8.
This makes the center frequency equal to:

Signal

0!7—0 oulput

Suggested parts list
for the digital comb filter

C04040 8CD-ripple counter *
CD4031 BCD-to-decimal decoder
{SP8T rotary bilateral switch)

0.01 uF close tolerance capacitor
0.1 pF capacitor

1K %4 W 5% resistor

1
F.= ——
¢ (2nRQ)
.1t
"~ {zx8)RC i1
_ 1 IC2
~ 1BRC
C1-C8
Using the component values suggested in the parts list, the €9, C10
circuit has a main center frequency of: R1
F = 1
€7 {16 x 1000 x 0.00000001)
o1
” 0.00016
= 6250 Hz

McGRAW-HILL

Fig. 32-18
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VOLTAGE-CONTROLLED LOW-PASS FILTER

o
CONTROL = X, vy OuUTPUT B
INPUT -6dB/0CT
Ec —x, /\\\
ADS34 DUTPUT A
ouTPUT output A« L=ThP
T+ TP
SE 2y R
72 OUTPUT A = .—
l i+ TP
SIGNAL
INPUT Yy = '
€, Ty=— =RC
¥ -Vs - i
1 - 110
T2 el RC
ANALOG DEVICES Fig. 32-19

The voltage at Output A, which should be unloaded by a follower, responds as though £_ were di-
rected to the RC filter, but the filter’s break frequency were proportional to £ [i.e, = E _/(20nRCH}
The frequency response has a break at f, and the 6-dB/octave rolloff. The voltage at Output B has the
same response, up to [f, (f; = 1/(2akC)], then levels off at a constant attenuation of f, /f, = E./10.
For example, if R = 8 kQ, C = 0,002 uF, Output A has a pole at 100 Hz to 10 kHz and can be loaded.
The circuit can be converted to high-pass by interchanging C and R.

VSB FILTER FOR LM2889

12¢

CHANNEL 3 FILTER

54

1¢
LM 2089 ] \ e
T |
| AY
175 — 0
WDUCTORS uH l
CAPACITORS pf » 52

NATIONAL SEMICONDUCTOR Fig. 32-20

This filter is for CH3, in order to get a vestigial sideband TV signal. It is designed for 75-£2 im-
pedance levels.
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-20-kHz BUTTERWORTH ACTIVE FILTER

0 ~
cz -10
0.0078uF
11 -20
RZ R | R I & -30 L LN L L
12k 25k : g M—
Vw = -40
3 c 3
- Vour -50
0.0078uF 0.001pF \
_'=E ‘:Ir'— 60 \
-70 m
DNB4 « F4 N
-80
-50
1k 10K 100K M 10M
FREQUENCY {Hz)
Di4s = FO5
Filler Frequency Response
LINEAR TECHNOLOGY Fig. 32-21

This filter will be useful for anti-aliasing or band limiting in an audio system. The op amp is a Lin-
car Technology, LT1124, LT1355, or LT1169.

BANDPASS FILTER

QUTPUT

INPUT

NATIONAL SEMICONDUCTOR Fig. 32-22
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R1
Inpur

SALLEN-KEY LOW-PASS FILTER

ANt

fer
2xVRR,C.C,

R3 and R4 sct the eircuit gain

1

77 11
_ )_ o o2 usually G, = Gy R, =R, , R, =0586 &,
R4
McGRAW-HILL Fig. 32-23
ACTIVE HIGH-PASS FILTER
o
2 In this circuit,
Input (?1 ({:2 — —1
R1 o o Joo = ankC
uiput
&°
McGRAW-HILL Flg. 32-24
RC NOTCH FILTER
Input R1 Cutput
o 4 <
; l C1 TC3 J;
2
RZ
—r
beRr2, %—‘ R2y, —>]
C =C,=C,
R, =6R, R, =R, +R,
1
Reject frequency (noteh), F = —————
2nCV 3R, R,
McGRAW-HILL

Fig. 32-25
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1-kHz 4TH-ORDER BUTTERWORTH FILTER

i
+0,000pF

c2
0,000pF

Al
1/4 LT1367

AAA

v

10.0G0pF

A3
174 LT1367

A
14171367 Vour

—{+

LINEAR TECHNOLOGY

yy )
10 £ . 11,
10k in3 1% RESISTORS AN
i T

ELUTL

Fig. 32-26

The filter is a simplified state variable architecture consisting of two cascaded 2nd-order sec-
tions. Each seetion uses the 360° phase shift around the two op-amp loop to create a negative surm-
ming junction at Al’s positive input. The circuit has low sensitivities for center frequency and €,

which are set with the following equations:

2

1

w {}

where,

I

R, = (00X QxC))

and k., =

T (R, xC, X RyxCy)

&
(00 x C,)

The de bias applied to A2 and A4, half supply, is not needed when split supplies are available,
The circuit swings rail-to-rail in the passhand making it an excellent anti-aliasing filter for A/Ds. The
amplitude response is flat to 1 kHz then rolls off at 80 dB/decade.

SAW-FILTER IMPEDANCE-MATCHING

PREAMPLIFIER
100 12¢
£ o A'A'A' o
©.01 uF
I e 0
q:‘ncs < 470 -
L L 1.1 uH
[
B uf
—o—) |4 2=
—
> 75 ‘:m 43 B
E :,

L
This circuit matches a saw filter to an IF am-
plifier.

NATIONAL SEMICONDUCTOR Fig. 32-27

ONE OP-AMP BANDPASS FILTER

4]
510pF

@ 0 v
fo = 1kHz )
a=5 §.2M
GAIN = 1
g VT
NATIONAL SEMICONDUCTOR Fig. 32-28
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33

Flasher Circuits and Blinker

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Random LED Strobe

Flashing Neon Christmas Lights

Flashing Christmas LED Display

Dual Flasher Add-On for 555 Circuits
Variable-Frequency High-Power LED Flasher
LED Pulser

LED Pulser with Audible Output

Simple Lamp Pulser

LED Flasher
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RANDOM LED STROBE

+10V
+5V
o1l 4 “—‘—i
2M4404 a7 & Bisd
Re ¥ PU% RS
™ 100K 4 10K
c2 Ay
1 g; 8, 4
> Q2!
3 2Na404 ‘ 0047 1 ua
) ; s 855 [
RS I T
e . - ‘
i 10K C1Y Ty
AN C5 001 ciz |
A ¢ $R3 22008 o1 A& |
10K F 10K ¥ pa !
sz - +BV
RESET 6 2
O O )
! o
) g 4
STATUS/TEST 1 -
< o g =
-
LED1 /N 10 & A2
Lol 10K
—F
LED2 /o7 " 27
N . R1 £
LED3 /7% 12 u c1 wad
sy PIC18C5S 220pF
LED4 /o= 13
Ka”)
LEDS /T 14 25 S/ LEDS
far g -~
LEDE /N=Y 15 24 =3 i LED1O
R ar g —~ NS
LED7 - 16 2 “:”@ LEDT
—
LEDB /N A7 P "‘\“QLEDQ .
Ny - s
LED1S /o~ 18 21 ¥ N LED13
ey py
LEDIS £ 13 20 Ty |
~ (g *
A1
10K
v—o-—c/‘o A o 10 AN 1ov
e 7008 O +5V T WA—g--0 +10
POWER G G
J Ll T4 - AAA
(TO 12vDC} N - e
c7 c8 cs A& R14 c1o
10 100 RRERY-"S 4 2206 = om0
K
Li3 -

POPULAR ELECTRONICS Fig. 33-1

This circuit generates a random output that is translated into LED “movement” by a prepro-
grammed PIC16C55 microcontroller, UL, That PIC also senses and records the bias of the LED's
movement. This device was originally used for an application involving psychokinesis testing where
the person was asked to “think” the lights in either a clockwise or counterclockwise direction.
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FLASHING NEON CHRISTMAS LIGHTS

NE4
NE-2

3]
22MEG
.V
e s e

*SEE TEXT =

B1*

POPULAR ELECTRONICS Fig. 33-2

This flashing set of neon Christmas lights will
make an attractive decoration for any time of
year. Bl is made up of ten 9-V transistor radio
batteries in series. The battery life can be mea-
sured in months.

FLASHING CHRISTMAS LED DISPLAY

+3V
b 4
5 U4
1 se00 |2
6 ® c4
220
D+
LED4 Sl +
2
. 4
u3
1 asoe |2
[ 8 C3
220
LED3 3*
N
4
5 Uz
T 3909
6 8 Cz2
220
LED2 )"
N
4
Ls[
3909 2 =
8 B
220 -
il
LEDT Sed -t
AN

POPULAR ELECTRONICS Fig. 33-3

Using LEDs and 3909 ICs, you can makea
flashing-light circuit that will run for months on
two AA batteries.

DUAL FLASHER ADD-ON FOR 555 CIRCUITS

+V
ANY 556
CIRCUIT
3
bl
o1 - Q2
IAF511 = IRFS1t =

FOPULAR ELECTRONICS Fig. 33-4

A pair of hex FETs drive two incandescenl
lamps in an alternating flasher circuit. The lamps
can be 12-V automotive types, etc.
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VARIABLE-FREQUENCY HIGH-POWER LED FLASHER

+3V

AN
o

iC1

: 4

>

NPM transistor (23904, Radio Shack RS2009 or similar}

IC1 LM3909 LED flasher/oscillator IC
o,

D1 LED

C1 100 pF 5 V electrolytic capacitor

R1 470 () Y4 W 5% resistor
R2 50 kil potentiometer

McGRAW-HILL

Fig. 33-5

LED PULSER

LED1 //V,

s LED2

= 4+ 3-5v

8 8 |5

U1
LM3g0g

vl L

SEE
TEXT

POPULAR ELECTRONICS Fig. 33-6

In this circuit, the LM3909 is used to drive a

pair of series-connected LEDs.

LED PULSER WITH AUDIBLE OUTPUT

N
SPKR1
8 LEDT
+3-5V
sLow | ST ., 6 L
Ut
51 LM3909
1|2 l4
»H
Gl
SEE
TEXT
POPULAR ELECTRONICS Fig. 33-7

The LM3090 can also be used to drive both
an LED and a speaker. In this circuit, each time
that LEDI blinks, SPKR1 (an 8-Q speaker) emits
a sharp click sound.
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SIMPLE LAMP PULSER

> +3-5V
8 B_|5
U1
10910 LM3909
+ > 2 117VAC
J_ i 4‘
= 100 WATT
uz LAMP
. MOC3010
X
2
POPULAR ELECTRONICS Fig. 33-8

Here, the LM3090 (configured as a timing oscillator) is used to control a 117-Vac lamp through
an MOC3010 optoisolator/coupler.

LED FLASHER
[ +
81
1.5V TTTARY
/ hY
| 3 '\ A -« L
Ut -~ 1’ d
|C|ggso - -‘: -
IcL7és0s {6 ™~

2 4 LED1
+
c2

* SEE TEXT
47-220* “*C1=.01, {=1Hz;
BWVDC C1 =001, f=10Hz
POPULAR ELECTRONICS Fig. 33-9

This circuit provides a low-cost way to flash an LED from a single 1.5-V source. Based on the
ICL7660 de-to-de voltage converter, the circuit makes use of an external capacitance (C1) on the os-
cillator rate-control pin to decrease the charge/durmp time to the desired flash rate. A dc resistance
(R1) on the same pin can also be used to disable the oscillator and extend the power-cell’s life. That
optional de resistance (in the form of a photoconductive cell} will shut off the oscillator in daylight.
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34
Flip-Flop Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Trigger Flip Flop
Two-Amplifier Flip Flop
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TRIGGER FLIP FLOP

NATIONAL SEMICONDUCTOR Fig. 34-1

Trigger flip flops are useful to divide an input frequency as each input pulse will cause the out-
put of a trigger flip flop to change state. Due to the absence of a clocking signal input, this is for an
asynchronous logic application. A circuit that uses only one amplifier is shown. Steering of the dif-
ferentiated positive input trigger is provided by diode CRZ. For a low-output voltage state, CR2
shunts the trigger away from the (=) input and resistor R3 couples this positive input trigger to the
(+) input terminal. This causes the output to switch high. The high-voltage output state now keceps
CR2 off and the smaller value of (B, + B,) compared with R3 causes a larger positive input trigger to
be coupled to the (=) input, which causes the output to switch to the low-voltage state.
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TWO-AMPLIFIER FLIP FLOP

0,001 uF 0.001uF

O 0UTeUT 2

NATIONAL SEMICONDUCTOR

Fig. 34-2
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35

Frequency-to-Voltage Converter
Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Industrial Frequency-to-Voltage Gonverter
Frequency-to-Voltage Converter
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INDUSTRIAL FREQUENCY-TO-VOLTAGE CONVERTER

R

Input

ELECTRONIC DESIGN Fig. 35-1

sontrol and process equipment often require the indication of frequency (speed or rate) of lin-
ear or rotary mechanical movement. Motion can be detected using various pulse-generating pickups
and proximily detectors that output ac or de pulsed signals.

This industrial converter can serve in a wide variety of applications. The circuit operates around
a quad-FET input op amp and is designed to be self-contained or run from a bipolar supply. The in-
pul signal of de pulses or ac waveforms is applied to R2.

Amplifier 1, which acts as a Schmitt trigger, supplies a squarewave output of [ixed amplitude to
(4. Resistor R3 and capacitor C6 fitter out input noise, and R4 and Rb determine the switching lev-
els, and Zener diode Z3 sets the amplitude.

Amplifier 2 gives a fixed-duration pulsc on the positive transition of C4, with a Uime constant sct
by-C4 and R6 and the switching level set by R7 and R8. Resistor R9.and Zener diode Z2 fix the am-
plitude of the pulses and amplifier 3 integrates them via R10 and C5. Diode 36 blocks negative inte-
gration and R11 discharges Cb with a long-time constant.

Hence, the de output of amplifier 3 is proportional 1o the frequency applied te the inputl. Amplifier
4 inverts and buffers the negative output of amplifier 3 and provides amplitude adjustment, voltage.

The complete circuit is linear and sufficiently accurate providing that C4 is chosen to give a pulse
duration less than the maximum input [requency and that R11 > R1{.
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FREQUENCY-TO-VOLTAGE CONVERTER

T —
20k Wy
(’\fﬁ)‘!?_‘ DOO1uF '47k

+V  OFFSET ICAP
CURRENT-TO- [t
ADS37 FREQUENCY %:még
CONVERTER C
PRECISION
VOLTAGE
REFERENCE
Va Wi #Vinp V] -l |svnc] ono] @

7] Le] U] Ted ] [T I

10k snF 7.5k|0-83 “'ﬂ:
(CALY= =

ANALOG DEVICES Fig. 35-2

The ADB3T can also be used to perform frequency-to-voltage conversion. The transistor pair shown
here operates as an exclusive-or gate to perform the phase comparison. It locks onto the input fre-
quency within two cycles. The configuration requires only 3 mA for frequencies up to 10 kHz. In most
situations, an output buffer will be required to unload the filter. Use (- to 5-V pulses or square waves
with 40-ps minimum pulsewidth.
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36

Function Generator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Function Generator

Sweep/Function Generator

Simple Function Generator
Accurate, Stable Function Generator
Wide-Range Function Generator
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FUNCTION GENERATOR
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THE COUNTER MODULE {(MOD1) has a 0.35-inch high, six-digit liquid crystal
display. Pulses at 1-second intervals are derived from the AC power line which has a
typical accuracy of 99.99 %.

ELECTRONICS NOW

Fig. 36-1

These three circuils make up an audio frequency function generator and can be individually

used for custom applications.
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FUNCTION GENERATOR (Cont.)
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A DUAL CMOS TIMER’S (IC5) output triggers another timer's input. Once Q2
starts IC5-a on initial power-up, the circuit continues to oscillate.
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SWEEP/FUNCTION GENERATOR
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SWEEP/FUNCTION GENERATOR (Cont.)

TABLE 1
FUNCTION GENERATOR CHARACTERISTICS
Waveform Maximum Frequency Conditions
output P-to-P
Sine (1) 5V 10 Hz-100 kHz 1 V@800 kHz
Triangle (1} 8V 10 Hz- 50 kHz 1 V>500 kHz
Square (2} 5V Positive output DC-coupled,
ground ref: risg/all >50 ns
Ramyp (3) Descending, 6 rates
{1) Output level variable frim min. to max.
{2) Output leve! not adjustable.
(3) X and ¥ ampiitude internally adjustable.
TABLE 2
SWEEP RANGES OF THE FUNCTION GENERATOR
Switch Condition Frequency range
1 Preset 20Hz to >2kHz
2 Preset <400Hz {0 >10kHz
3 Preset <1kHz to »25kHz
4 Preset 5kHz to >100kHz
5° Resistance tuned 2kHz to 100kHz
Resistance & VCO tuned <10Hz to >100kHz
6* Resistance tuned <40kHz 1o >800kHz
Resistance & VCO tuned <100Hz to »B0O0kHz
* Ranges show for positions 5 and 6 reprasent the total tuning range of the function generator
and do net imply one continuous sweep.

Both 1C2 and 1C4 are Exar XR2206 monolithic function generators; 104 functions as a ramp gen-
erator, and IC2 functions as a generator of sine, triangular, and square waveforms. Dual operational
amplifier IC1 produces a scaled, level-shifted ramp output thal is capable of deflecting an oscillo-
scope’s horizontal sweep.

Any frequency of intcrest along the horizontal axis of an oscilloscope that is coupled to this func-
tion generator can be measured with an external frequency counter by manually tuning the function
generator’s VCO instead of sweeping it. The performance characteristics of the sweep/function gen-
erator are summarized in the Table.

The generator's sweep rale and frequency can be set by front-panel rotary six-position switches,
Sweep Rate Switch S5 and Frequency Switch S2. The VCO control R30 manually tunes the VCO.
Table 2 lists the sweep ranges of the function generator. Sweep ranges not covered in ranges 1 to 4
can be set up as required on positions 5 and 6. Selecting the VCO setting on the front panel toggle
switch 84 permits tuning any fixed frequency within the total frequency range of the instrument with
both frequency switch 52 and VCO control R30.

The sweep rate or duration of the sweep ramp is selected by the rotary six-position Sweep Rate
Switch S5. Table 3 lists the sweep rate durations for each of the six positions. Longer periods should
be used for lower frequency sweeps.
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SWEEP/FUNCTION GENERATOR (Cont.)

TABLE 3
SWEEP RATE GR DURATION

Sweep Period
pasition {miHiseconds)

1 ~-130
~ 60
- 30
~ 15
- §
- 3

SN s L R

SIMPLE FUNCTION GENERATOR

SQUAREWAVE OUTPUT
o]

R4
"——i 1.4K
AA—AAA
R3
140K
FREQ
ADJ

RS

B2k $  TRIANGLEWAVE

QUTPUT

A
r

POPULAR ELECTRONICS Fig. 36-3
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ACCURATE, STABLE FUNCTION GENERATOR

00pF | G
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ELECTRONIC DESIGN Fig. 36-4

Supply-limited oscillators usually are sensitive to temperaturc and power-supply changes, are
never symmetrical, and don’t operate at high frequencies because the amplificr’s output is saturated
when it reaches the supply lines.

The circuit shown, a function generator, can alleviate these problems. Its square-wave output
boasts a rapid rise time, quick scttling time, and an amplitude that's temperature insensitive. Also, its
triangular output waveform features a perfectly constant rate of change throughout its range.

Amplifier Al together with AZ generates a stable +10 V. This signal, which is integrated using A3,
CZ, and RZ, makes a negative-going ramap. When the peak output of A3 equals —10 V, the output of Al
and AZ change state and the A3 outpui ramps up. When A3’s output equals +10 V, the outputs of Al
and AZ change state again and new cyele starts.
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WIDE-RANGE FUNCTION GENERATOR
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The sine, square, triangle function generator is exceptionally useful. Various IC circuits have been published for generating
square and triangle waveforms in an attempt to duplicate the general-purpose function generator. However, these simple circuits
are usually limited to about 10 kHz and have no sine-wave output. The function generator shown here provides all three wave-
forms and operates from below 10 Hz to 1 MHz with usable output to about 2 MHz.
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Game Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuil correlates to the entry in the Sources section.
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Electronic Craps Game

21 Game

First-Response Monitor |
Z-Dice Game

Three-Input, First-Response Monitor
Electronic Coin Toss
Electronic One-Arm Bandit
Digital “First-to-Respend” Box
First-Response Monitor II
Analog First-Response Monitor
Wheel of Fortune



ELECTRONIC CRAPS GAME
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POPULAR ELECTRONICS

Fig. 37-1

Two gates of a 4043 quad, 2-input NAND, Schmitt-trigger CMOS 1C are connected in astable-os-
cillator circuits as clocks. The two 4017 ICs have six LEDs connected to its first six outputs. As the
clock pulses enter pin 14 of the 4017s, the ICs count from one to six over and over as long as the clock
pulses are present. When 51 and/or 82 are released, onc of the LEDs in each circuit will remain on,

indicating a number from one to six.

The circuit is set up so that you can rolt the dice together by pressing S1 and 52 at the same time,

or roll each die one al a time.
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21 GAME
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POPULAR ELECTRONICS Fig. 37-2

Two 2N2647 unijunction transistors serve as the clock generators for the two 4017 ICs. A single
“deal” push-button switch, S1, operates both clock generators at the same time. Diodes D1 and D2
igolate the two clock circuits, allowing 51 1o operate both,

The 4017 counterfreadout circuits are identical in circuitry and operation. As long as clock
pulses enter pin 14 of each 4017, the ICs count from 1 to 10 over and over until the clock pulses stop.
When 81 is released, the clock pulses stop and one LED from each IC remains on to indicate a card
with a number value of 1 (1 or 11} to 10.

The position of switches S2 and 53 determines whether the number 1 (“Ace™) output of the
4017s count as an 11 or a 1. Both 82 and S3 can be switched in either position before or after the
cards are plaved.

The cards can be played either face up or face down. When switches 34 and S5 are in the posi-
tion shown in the figure, the cards are dealt face dowrn. Transistors 3 and Q4 are turned off in this
position and no current can flow through the LEDs. Pressing 86 turns both transistors on, lighting
the LEDs,
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FIRST-RESPONSE MONITOR |
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POPULAR ELECTRONICS Fig. 37-3

Three interlocked flip-flops enable the detection of the first input. 51, 82, and 53 are inputs.
Analog switches controlled by logic gates, or other logic circuitry could be sub-statement for S1, S2,
and 53.
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Z-DICE GAME
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POPULAR ELECTRONICS Fig. 37-4

Using a microcontrolier (U2) keeps the parts count and the cost of this b-dice LED display relatively low. Z-dice uses five
clusters of seven LEDs to represent the marks or “pips” on five dice. Buttons below each of the LED dice let the player mark a
die to be rolled on the next throw. Marked dice show up as dimmed LEDs. Pressing the button to the right of the display rolls the
marked dice. If the player chahges his or her mind about rolling a particular die before pressing the roll button, he or she can un-
mark it by pressing its button a second time. If no dice are marked at the time the player presses the roll button, then all of the
dice are marked to be rolled. A second press starts them rolling, animating the LEDs of the marked dice for a second or so before
displaying the results of the roll. Z-Dice doesn’t count rolls or keep score, so it's still up to the players to make sure that nobody
cheats!

This diagram shows the wiring details of the dice display. For space and simplicity, only the first and last dice are shown. A
programmed microcontroller is needed for this circuit. Refer to the original article for software.




THREE-INPUT FIRST-RESPONSE MONITOR
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AAA
Y

af

Integrated circuit Ul is connected in a two-stage counter circuit that counts “one-two” over and
over as long as clock pulses enter pin 14 of the 4017. When the clock pulses stop, one of the LEDs
will remain on, indicating the last even or odd count. Designate one LED as "heads” and the other as
“tails” and you have an electronic coin flipper.
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ELECTRONIC ONE-ARM BANDIT
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POPULAR ELECTRONICS Fig. 37-7

The one-arm bandit circuit is made up of three clock circuits and three counter/readout circuits.
A single roll switch, S1, turns on all three clocks at the same time. When S1 is closed, capacitors C4,
CH, and C6 are charged through D31, D32, and D33 Lo about 8 V. After S1 is released, the three clocks
run, taking energy from the three charged capacitors. As the capacitors discharge, the three clocks
bedin to slow down, producing the effect of the drums in a mechanical bandit slowing Lo a stop.

The 4017 10-oulput. LEDs can be numbered or designated as apples, cherries, bells, wild cards,
or anything vou like to make the game more interesting. Additional logic circuitry can be added o
the 4017 outputs to sound an alert or turn.on a light when any three numbers or output items match.

Three potentiometers, R12, R13, and R4, can be varied for each roll 1o change the clock’s fre-
qguency and the roll rate.
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DIGITAL “FIRST-TO-RESPOND” BOX
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POPULAR ELECTRONICS Fig. 37-8

This device is useful for quizzes and games to determine first response. Ul is an octal D type latch IC, an T4L.S373.

When a button is pushed, this circuit lights the corresponding LED. Q1 conducts, sounding an alarm (BZ1) connectad to driver
@3, and Q1 supplies bias to Q2, disabling the rest of the latches in Ul.




FIRST-RESPONSE MONITOR Il
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POPULAR ELECTRONICS

Fig. 37-9

Two interlocking flip flops are used to detect the first of two inputs. S1 and S2 are input devices
but a logical-level signal can be substituted.
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ANALOG FIRST-RESPONSE MONITOR
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POPULAR ELECTRONICS

Fig. 37-10
The analog first-response monitor is built around a pair of cross-coupled SCRs, each of which re-
ceives its gate trigger current from the anode of the other SCR.
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WHEEL OF FORTUNE
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POPULAR ELECTRONICS Fig. 37-11

The oscillation of Q2 is amplified by Q3 and fed to Johnson counter IC1. The output of IC1 drives
the LEDs in sequence to give the impression of a spinning red ball,
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Humidity Sensor Circuits

The sources of the following eircuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Humddity Monitor
Digital Relative Humidity Gauge
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HUMIDITY MONITOR
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Fig. 38-1

This circuit uses a Phillips capacitive humidity sensor that has a AC variation of 45 pF over 0 to
100.pF RH. IC2 i3 an oscillator whose frequency is determined by the RH sensor. It is compared to
fixed oscillator, and the difference frequency is taken by IC3C and rectified, outputting a 0- to 1-V
signal for RH betlween 0 and 100%.
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DIGITAL RELATIVE HUMIDITY GAUGE
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POPULAR ELECTRONICS Fig. 38-2

Sensor SEN1 outputs a dc voltage that varies linearly with relative humidity. This de voltage is fed through R1 and R2 to A/D
converter chip U2. Zero set is performed with R4. The LCD display is calibrated with R7 to read 0 to 100 percent.
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Indicator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Model Car Derby Winner Indicator
Current Indicator

Receiver Signal-Strength Indicalor
LED Output Indicator for 555 Circuits
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MODEL CAR DERBY WINNER INDICATOR
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POPULAR ELECTRONICS Fig. 39-1

This derby-winner indicator uses infrared emitters and sensors to detect a car crossing the fin-
ish line. The first car to finish locks out the data from the second car, and the system can be reset by
pressing S1.

CURRENT INDICATOR

Py I

Source O———+—"\N/\,———0 Load

LEDs (Can be different colors for polarity indication)

WILLIAM SHEETS Fig. 39-2

An LED requires 1.5 to 3 V across its terminals to light. This circuit uses a resistor shunt in se-
ries with source and load to produce this drop and cause the LED to light. At higher currents (>100
mA) use limiting resistors in series with LEDs to limit current to a safe value.
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RECEIVER SIGNAL-STRENGTH INDICATOR
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ANALOG DEVICES Fig. 39-3

Using an ADB06 log amplifier, this indicator gives a logarithmic output of +0.3 V at —-80-dBm in-
put to +3.5 V at 10-dBm input.-Frequency range is to 50 MHz for this IC device.

LED OUTPUT INDICATOR FOR 555 CIRCUITS
+V

ANY 585 LEDt
CIRCUIT

OQUTPUT

POPULAR ELECTRONICS, JANUARY 1994, P. 73 Fig. 39-4

A pair of LEDs connected as shown here can be used with just about any low-frequency 5565 os-

cillator to give high-/low-cutput indications. When the output goes high LEDZ turns on, and when
the output goes low LEDI1 turns on,
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Infrared Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Audio-Modulated IR Transmitter

Audible TR Detector

Wireless IR Headphone Transmitter

TV Remote-Control Relay

Single-Tone Infrared Control Transmitter
IR Mluminator for Night-Vision TV Cameras and Scopes
Low-Power Infrared Data-Link Receiver
Infrared Body Heat Detector

1R Detector Circuit

Steady-Tone Infrared Transmitter

FM Infrared Receiver for Audio Reception
General-Purpose IR Recetver

Wireless IR Headphone Receiver

Pulse Frequency-Modulated IR Transmitter
Single-Tone Infrared Receiver
Audible-Output Infrared Receiver
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AUDIO-MODULATED IR TRANSMITTER
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POPULAR ELECTRONICS Fig. 40-1

This circuil produces an effect similar to frequency modulation (FM) by varying the voltage at
pin 6 of the PLL using an audio signal. The FM IR signal can be picked up by a receiver with an FM
detector suitably tuned.

AUDIBLE IR DETECTOR
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POPULAR ELECTRONICS Fig. 40-2

An [R-detector circuit offers an audible (as well as a visual) output, and also stretches the on
time of the detected pulse to make the output easier to sce, as shown.

Photoresistor Q1 detects a remote’s IR output pulse and sends a negative-going pulse to the trig-
ger input (pin) of the 555 IC, UL. The 655 is connected in a one-shat timer circuit; the output (pin
3) on time is'set by the values of Cy Ry, and R, When an input pulse is detected, pin 3 goes high,
lighting LED]1 and activating the piezo buzzer, BZ1.

For longer output pulses, set R, to its maximum resistance value, To lengthen the circuit’s on-
time range, increase the value of C,, and to shorten the on-time range lower the value of Cy.
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WIRELESS IR HEADPHONE TRANSMITTER
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POPULAR ELECTRONICS

Fig. 40-3

Audio input from PL1 [requency modulates the VCO section of a 4046 PLL chip. The VGO out-
put drives @1, a switching transistor. Q1 drives two IR LEDs. The signal produced is around 100 kHg,
FM carrier VGO sensitivity is around 7.5 kHz/V.

TV REMOTE-CONTROL RELAY

L Ra MOD?
B3 + A 2 ook | _GPIEX
4752 +13.2K az E y
INABOB ouT 5/
8 —] v+
7 [V Rehd—aw GND
DIS vy
St R2 & 10K
182 i. 03 o _
1% T 1ners et X LEDA
SY-JRS3L
e Dt
T Ko &1 THR "‘5
T : ] 10K
1 B1 2 3 e b
Pgv TRG oOuUT VW LEDZ
N P LlaND Veon —51- SY-IRG3L
: Q1
c cz |22 LED3
T 001 A SY-iRS3L
T . N
-

POPULAR ELECTRONICS

Fig. 40-4

This circuit functions as an IR “repeater” to extend the range of your TV remote control, MOD1
is a P/N GP1UB2X IR detector and the receiver is available as Radio Shack P/N 276-137,




SINGLE-TONE INFRARED CONTROL TRANSMITTER
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POPULAR ELECTRONICS

Fig. 40-5

A modulated beamn of IR light is produced by this transmitter. This circuit can be used [or on/ofl
controls or tone (CW) communications. The pot can be replaced by several pushbuttons and resis-
tors, as shown for multitone applications.
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IR ILLUMINATOR FOR NIGHT-VISION TV CAMERAS AND SCOPES
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Fig. 40-6

This source uses LEDs and an astable oscillator to control the switch, duty-cycle, and effective
IR illumination output.

LOW-POWER INFRARED DATA-LINK RECEIVER

10pF

ARAXNAA
MAX403
z

2 SIEMENS BP-104
“Z | PHOTODIODE 3

DATA

ALAXNLAA
MAXIG7

MAXIM Fig. 40-7

The Maxim MAX403 in this circuit consumes only 1 mA and is capable of speeds over 1 MBPS.
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INFRARED BODY-HEAT DETECTOR

R124

o 3 39K §

a TP-C L) _
W
CS‘ A
Q00UF K R17 a o+
! $he 8 LR10] RI3$ Ri6$ MEG JT' -
K £ 1.8MEG okl kP K ¢ Wy B1, B2,
o oNE W v
b § ) FTY
c4 Rce
n
T [ iy
'—*-t v ¥ b
RS
30K 5L~"icth
SIS LM35eN

cTER
4.74F
— RI5 &
v 4 D1 19K 4
$ R22 PL2 (NOTE 1)
* 00 amv @
AZ3 & Q2
20009 PN2222
]

ELECTRONICS NOW

PYR1 BASE

NOTE 1: SWITCH 51 IS PART OF POTENTIOMETER R15 (BOTTOM)

Fig. 40-8

This circuit uses a pyroelectric detector to detect IR cmissions in the 6- Lo 14-micron range. It is
useful for security or infrared experiments. PYR1 is a pyroelectric IR detector. The unit should he
mounted in a case with an IR lens to focus energy on the detector.

POPULAR ELECTRONICS

IR DETECTOR CIRCUIT

+8v

The circuit uses an IR phototransistor, @1, to
detect a remote control’s IR output signal. A PNP
transistor, Q2, then amplifies Q1’s output and
lights LED1, That indicates that an infrared sig-
nal has been detected by the phototransistor, or
in other words, that your remote control works.

Fig. 40-9
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STEADY-TONE INFRARED TRANSMITTER

i1
D1
D2
C1
R1

McGRAW-HILL

15V
D2
\:\\
D1 6 5
’\;\1/\, ] Ic1
o L],
. 4

!

LM3909 LED flasher/oscillator I1C
infrared LED

diode (1N4148, 1N914, or similar)
1 wF 5V eiectrolytic capacitor

1.5 k2 Va W 5% resistor

Fig. 40-10

This oscillator pulses an IR LED at about 1000 Hz. It should be useful as a test for lining up IR
communications links or setting up fiber-optic cables, ete.
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FM INFRARED RECEIVER FOR AUDIO RECEPTION

R4
2708

AAA
vy

tn

—
R7 4

567 10K 4

ey

;-L—)“ -
S
it

POPULAR ELECTRONICS Fig. 40-11

Modulated IR energy.strikes Q2, a phototransistor. Q1 is a tuned amplifier, and leeds PLL detec-
tor Ul. U2 is an audio amplifier that drives a speaker.

GENERAL-PURPOSE IR RECEIVER

+9V

[

R1

IC1 741 op amp

8] infrared phototransistor
Qulput Cl1 0.01 pF capacitor
R1 100 k(Y Yo W 5% resistor
\\ RZ 2.2 kil Y4 W 5% resistor
\ R3 i MO Y W 5% resistor
McGRAW-HILL Fig. 40-12

Suitable for amplitude-modulated IR beams, this receiver provides an audio signal that corre-
sponds to the modulation envelope. Phototransistor Q1 should be properly mounted and shielded
from stray light. This receiver should drive a small earphone directly.
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WIRELESS IR HEADPHONE RECEIVER

ey 5
1 c2 } RO + 1
22K 4 oL cia
Wy izﬁ 1o $ 3300 1T oz SPST
Ui
FIE—13I: CA3237E TR
T2 3] 357 L |
5 = oV
630pF
e 06
1
C7lr
1T
$ M
%
SPKAZ*
“3$ RS ¢ 2RI ==
5"(1 4793: s%ski o4k di5  SPRRI®
10
‘SEETEXT SPKR1 & SPKR2

POPULAR ELECTRONICS

4-320 SPEAKER

Fig. 40-13

A photodiode D1 feeds high gain IR remote control preamp 1C, a CA3237E. U2 is a PLL FM dc-
tector tuned to around 100 kHz, The deteclor output is amplified by U3 and it can drive a speaker or

a set of headphones.

audio

Amp]ificz

input

McGRAW-HILL

PULSE FREQUENCY-MODULATED IR TRANSMITTER

N @

+6Vde
m%
0
A
p
b
dp
5 R1
— 100k 2
1C1 7
LEDC! LMS5SS +
R2 == C2
) 10k T 33¢F
2
8
1 L e
T.omsm:
—_

Fig. 40-14

Schematic diagram for the pulsc frequency-modulated LED transmitter, Adjust the frequency by
rotating R1. With components shown, the [requency range is between 8 and 48 kHz.
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SINGLE-TONE INFRARED RECEIVER

49y
LED1 @
Sa
X RE
25K
Ay
<h
‘v K
b
A1 f5
47K ’ion K
AN ._J: c7
= 680pF
C1 R 8 7 6 5
0.1 Tk
ul
567
> p3
“ c2 $a20x _t z 3 4
0.02 c4
_|(_.,_@) 0.1
Q C
a1 c3 /
R3276-142 2N3904 - 0.047 0
a2
2N3904

M1
0-10vDbe

POPULAR ELECTRONICS Fig. 40-15

Phototransistor (3 acts as a sensor that detects modulated IR energy. Q1 is an amplifier and Ul
is a tone decoder. LED1 lights on reception of an IR signal with proper tone modulation.
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AUDIBLE-QUTPUT INFRARED RECEIVER

+9V
R1
1
{
A
} o1
R6
R5
1CH1 op amp (741 or similar)
1C2 LM386 audio amplifier
(8] infrared phototransistor
SPKR small loudspeaker
C1 0.1 uwF capacitor
c2 220 uF 15 V elactrolytic capacitor SPKR
Rt 100 kil Vs W 5% resistor
R2 1 k) "4+ W 5% resistor
R3 680 k() /4 W 5% resistor
R4 25 ki2 potentiometer
R5 500  potentiometer
R6 47 ) 1 W 5% resistor
McGRAW-HILL Fig. 40-16

This receiver is designed to demodulate amplitude-modulated (AM) IR light heams-and will drive
a loudspeaker. RS is an auxiliary volume control and it could be omitted. Q1 should be suitably
mounted and shielded from stray light pickup.
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41

Instrumentation Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which-begins on page
707. The figure number in the box of each cireuit correlates Lo the entry in the Sources section.

x100 Instrumentation Amplifier

Instrumentation Amplifier

Varitable-Gain Diflerential-Input Instrumentation Amplifier
Programmable Gain Instrumentation Amplifier for Single-Supply Applications
Differential-Input Instrumentation Amplifier

‘High Input-lmpedance Instrumentation Amplifier
ac-Coupled Instrumentation Amplifier

Low-Noise Instrumentation Amplifier

Low-Power Instrumentation Amplifier

Ultra-Low-Noise Singte-Supply Instrumentation Amplifier
Instrumentation Amplifier
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»x100 INSTRUMENTATICN AMPLIFIER

+1.5v

GROUND

A2
LM4250

3
Ving Ot Note 1: Quiescent Pp = 10 pW

Note 2: R2, R3, R4, R5, R6 and R7 are 1% resistors
Mote 3: A11 and C1 are for OC and AC common mode rejection adjustments

-1.6V

100 'm
80
& CMRR
= 60
- -F
=
X}
Ay bl
2 a .
3 H
>
< ™
20 lﬁl .
]
1 10 100 1.000 10,000

FREQUENCY {H2]
NATIONAL SEMICONDUCTOR Fig. 41-1

CMRR vs. frequency.
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INPUTS <

INSTRUMENTATION AMPLIFIER

R4
45K

A

RE**
10K

AMA

vy

Ty

R7*
160K 3
oF
= ** “MATCHING

DETERMINES CMRR
6 [ 281

A, = — =

" R (” R3 )

LINEAR TECHNOLOGY Fig. 41-2

VARIABLE-GAIN DIFFERENTIAL INPUT INSTRUMENTATION AMPLIFIER

INPUF

POPULAR ELECTRONICS

AAN

I o QUTPUT
RE*
c2 10K
5pF 70
3 MEG

Yy

“GAIN ADJUST

A, =10 RS

vy i

Fig. 41-3
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PROGRAMMABLE GAIN INSTRUMENTATION AMPLIFIER
FOR SINGLE-SUPPLY APPLICATIONS

QHMTEK
2160 LIBERTY DRIVE
NIAGARA FALLS NY 14304

Y Le

v
04 ([ —8—0 vy,
L. 1 9
0.1pF
A7 1k} 8—O v =+5Y Voyr = Viux G+ Vg
- _,  Rs+As
r Ut = AD822 OR 0P.213 WHERE G100 = 1 +—0—
V|N 4 R&6
| RB Tk$} G10 =1 ——
— i+ ==y A4 + RS
ANALOG DEVICES Fig. 41-4

This is a two-op-amp programmable-gain instrumentation amplifier for single-supply applica-
tions. UlA and U1B are Analog Devices ADS22 or OP?-213 1Cs,

DIFFERENTIAL-INPUT INSTRUMENTATION HIGH INPUT-IMPEDANCE
AMPLIFIER INSTRUMENTATION AMPLIFIER

AAM
Yy

R2
1K

INPUT

INPUTS

“MATCHING DETERMINES CMRR Rl = R4 R2 = R3
**MAY BE DELETED TO A=1+ AL
MAXIMIZE BANDWIDTH Rz
POPULAR ELECTRONICS Fig. 41-5 | POPULAR ELECTRONICS Fig. 41-6
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ac-COUPLED INSTRUMENTATION AMPLIFIER

o— DESIRED R NEAREST 1% R,
- Vo GAIN ) «©
Viy % INA118 1 NC NG
+ 2 50.00k 49 9k
O— 5 12.50k 12.4k
10 5.556k 5.62k
20 2.632k 261k
; 50 1.02k 1.02k
! 100 505.1 511
S ; 200 251.3 249
fom= o= 500 100.2 100
2rf,Cy 1000 50.05 49.9
=1.59Hz 2000 25.01 249
L 5000 10.00 10
- 10000 5.001 4.89
BURR-BROWN Fig. 41-7
LOW-NOISE INSTRUMENTATION LOW-POWER INSTRUMENTATION
AMPLIFIER AMPLIFIER
1K+ 2% ot ANAXLAN
= AN AN Ve
2000 A AL
A ALAXAN
2|, 1/AMAX4T9
VW . 200} ¢
= % AN — ——
R P NP AP L Te  our ouTRUT
142 MAX412 . Amans
o 142 MAX412 -
IN+ ._m
" TRIMFOR GAN A ’ -
** TRIM FOR COMMON-MODE REJECTION ANAXILAN GAIN = {1 ﬁ‘)%ﬂmrm VALUIES SHOWN
14MAX47S L
MAXIM Fig. 41-8 | MAXIM Fig. 41-9
A Maxim MAX412 IC amplifier is used in this This amplifier requires less than 20 mA from
circuit. The supply-current is £5 V at 5 mA. a £15-V supply.
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ULTRA-LOW-NOISE SINGLE-SUPPLY INSTRUMENTATION AMPLIFIER

+3V TO +38Y

AN
*ALL RESISTORS Ra* GAIN - 2052 g
L0.7%. LZ5PPM/C (20002 + 12.701) Ra
ANALOG DEVICES Fig. 41-10

INSTRUMENTATION AMPLIFIER

R4
20k
‘v‘r‘v
LT1354 — Vout
+
Raf, 10R2 P3| R2-R3]
Ay=—|tei =4 i=1
v RS{ 2R R o
TRIM RS FOR GAIN
TRIM A1 FOR COMMON-MGDE REJECTION
BW = 120kHz
LINEAR TECHNOLOGY Fig. 41-11
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Integrator Circuits

The sources of the following circuits are contained in the Soureces section, which begins on page
707. The figurc number in the box of each circuit correlates to the entry in the Sources section.

Integrator with Bias-Current Compensation

Simple Integrator
ac Integrator
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SIMPLE INTEGRATOR

INTEGRATOR WITH BIAS-CURRENT

COMPENSATION
At Y 2 INTEGRATE
<R3 py R4 51 1
A2 20K 14457 75K 0" o
2.2Me6 $ o R3 < RESEF
— = 10002 ¢ Ot
b1 |
T
A1 Ty
10K
VIN o A'A'A' VIN R1
Vom o VUU’T
Voo Y LM167
our at CTI deg
tI
1
" 2rRICT =
*ADJUST FOR ZERD INTEGRATOR DRIFT. Al < R
CURRENT DRIFT TYPICALLY 0.1 n/AC =
OVER - 55°C TO 125°C FOR MiNIMUM OFFSET ERROR DUE
TEMPERATURE RANGE. TO INPUT BIAS CURRENT
POPULAR ELECTRONICS Fig. 42-2

POPULAR ELECTRONICS Fig. 42-1

ac INTEGRATOR

Ar

—AAA—
G
E0 A s = j2nf
— £,

Eo (s) = il ~ for s === !
E Rs(1 + sReCE)  ReCr ReCr

Fig. 42-3

WILLIAM SHEETS
This op-amp circuit can be used with a wide variety of op amps. The values of £, and £, depend

on gain, but will be 1 k€ to 1 MQ in most cases. C; depends on the pole frequency needed. Ul is a
741-type op amp, etc.
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Interface Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Timer/ac Line Interface
Interfacing Resistive Transducers
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TIMER/ac LINE INTERFACE

TO
TIMER
CIRCLIT H'NAC
LAMP
R10
130!1
, TR1
nznan:n
N.C.@—3
MOC3009 PL1
MOC3010 NIVAC
MOC3011
MOC3012

POPLLAR ELECTRONICS Fig. 43-1

This circuit illustrates the use of an optoisolator to enable the control of a triac connected to the
ac line and load, while maintaining dc and ac isolation between the ac line and the timer circuit. A

Hh5 or other timer circuit can be used.

INTERFACING RESISTIVE TRANSDUCERS

l_r‘w‘]mﬁ'ﬁﬁ%wﬁ_q

E OFFSET T CAP, +Vg u)“

ADS3I7
[~ ouTruT
FHEOUENCY DAIVER

CONVERTER

PRECISION q
YOLTAGE
REFERENCE

i In) SYNC] Ghp| @
o T LT L

(1-a} A M

VREF

RESISTIVE
TRANSDUCER

ANALOG DEVICES Fig. 43-2

All types of resistive-element transducers, such as servo-pots, level indicators, thermistors, pho-
tosensors, strain gages, and so on, can be directly connected to the AD537. The scale-correction fac-
tor, K, is a function of resistance, varying from 0.65 to 0.98 for values from 3 to 100 k€.
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Inverter Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section,

SCR Inverter and Trigger Circuit
Simple Inverter

Vehicle Audio Amplifier Inverter
Positive-to-Negative de/de Inverter
1-kW 10-kHz Sine-Wave Inverter
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SCR INVERTER AND TRIGGER CIRCUIT

] An SCR inverter and trigger circuit. This inverter oper-
Induction ates well over a wide load range and can be used to power
"l’:;g' inductive devices, such a8 MOtOIS. Ganeat Eiscine Samconcuctor Prod
wels Dapl
T ? R10, R11 142, 20W
R12,R13 126L1W
s1 cs 2-4 yifd units in parallel, G.E. #61F254
D4, D5 G.E. IN2157
2407 SCR1,SCRz  G.E.C40A
T2 G.E. #9T33Y267
T2 L1 G.E. #9%33% 266
+28V |
o 60T | 60T Square-wave mverter
|t
SCR1 1 SCR2
C5
D4 R12 T R13 Ds
R10 R11
L1
= Square-wave trigger circuit
+28V
AN L
R1 ;
| '2 25k Q) 100
p
R2
D1 0.05 uF
B 3300 Q ¢
2N626
Q4
Q1
2N492
Cl
0.14F
RI 751, 10 watt
C1 0.1 ufd, GE. #61F25AA104 T1 G.E. #9T33Y268 !135 'r! 135 T I
D1 16-18 volt breakdown diode, 1 watt  All resistors ¥ watt except R1 A B C Qutput
McGRAW-HILL Fig. 44-1

In this circuit, L1 and C5 are used as commutating elements. L1 resonates with C5 at the fre-
quency corresponding to the half period of the waveform.
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SIMPLE INVERTER

+24V
1/2 CD4011 D
Strobe ‘ G
S5
S
400K M
800 k2 C
McGRAW-HILL F!g. 44-2

VEHICLE AUDIO AMPLIFIER INVERTER

ULN-3701 Z/TDA2002Z
-

5 () Qoe =
F % :ﬁ“gj

_ 12.6-¥Y
winding

2

McGRAW-HILL Fig. 44-3

An audio amplifier can drive a step-up transformer to obtain 120 Vac.
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POSITIVE-TO-NEGATIVE dc/dc INVERTER

iy ——
5V T0 440V ¢ ’I: 53””
n +
L
50uH
Viy sA
Vsw
£1 - MOTOROLA MBRT45 R
C1 - NICHICON UPLIC221MAHS Avnam 5.1k a3
€2 - NICHICON UPL1A102MRHG MAXT24
(¥ - COILTRONICS CTX25-5-52 X2 274
ALL RESISTORS HAVE 1% TOLERANCE ﬁk o
.
R c2

W00uF

o1 o
Ve GND L, =L [N
Lo C4-|- 182
T g towf | [ w
14

MAXIM

Fig. 44-4

If a source of negative 5 Vdc is needed and only a positive supply is available, this circuit can he
used.

1-kW 10-kHz SINE-WAVE INVERTER

390

0.022 yF

150V

o] —

DAst 39Q

0.022 uF
T i

McGRAW-HILL Fig. 44-5

SCRs can produce considerable power at frequencies up to 30 kHz or more, This circuit can sup-
ply 1 kW at 10 kHz. The load is shown as an equivalent load, and practically this will be the primary

of the transformer for isolation purposes. The power supply can be a 120-V bridge rectifier and filter
combination.
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lon Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit, correlates to the entry in the Sources section.

Negative Jon Generator
Ien-Sensing Electroscope
Negative Ion Generator
Ion Detector
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NEGATIVE ION GENERATOR

I.
1 kﬂ b Y
[ 74 B8
of
15 kQ: icr 3
1
~ C2
Tooo w TS, F

An NEBES drives a Darlington connected pair of transistors. T1 is a small high-voltage trans-
former or auto ignition coil, B/W TV flyback, etc. C3, €4, and D1 must be rated for 10 to 15 kV. The

fan blows air across the discharge point.

Discharge point

VWi~

NGy

McGRAW-HILL Fig. 45-1

ION-SENSING ELECTROSCOPE

* 47K

POWER
TRANSFORMER|

B E

73 AMATEUR RADIO TODAY

®

Fig. 45-2

Negative ions are sensed by a plate antenna. A negative charge induced on the plate cuts off a
vacuum tube, causing the neon indicator to go out.

287



NEGATIVE ION GENERATOR

015, F OR MORE
TRV

120v i
»NEGATIVE TON POINT (S}

3008
10w I !
120V 1 FAN

73 AMATEUR RADIO TODAY Fig. 45-3

In this circuit, air is circulated past a pointed electrode that has a high negative voltage applied
to it. The transformer is a small 4- to 6-kV output type with a filament winding. A good source of parts
is a discarded electronic bug catcher,

ION DETECTOR

7 ANT1

o)l
PN280T
o Qz
100ME PN2907 )/
172W i
et N cﬂ'°c N
R2 ¢ 81 | -
10K e YT
________ 14 |
r 00ma X
R3* £ | © "'"'.+
ALUMINUM TAPE s $
OR
EARTH GROUND* “SEE TEXT hd
ELECTRONIC HOBBYISTS HANDBOOK Fig. 45-4

This circuit detects static charges and free ions in the air. It can be used to indicate the presence
of ion emissions, high-voltage leakage, static electricity, electrostatic fields, etc. The ground connec-
tion is made by either an earth ground or by touching the aluminum foil electrode with your hand.
M1 is a 100-pA meter. R3 is a sensitivity control.
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Laser Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

High-Current Drive Circuit for Single Heterostructure Laser Diodes
12-V High-Voltage Supply for He-Ne Lascr

Light-Beam Receiver and Sound Effects Generator for Laser Pistols
Laser Dicde Transmitter

IR Laser Light Detector

PLL IR Laser Light Receiver

Op-Amp Diode Laser Driver

Laser de Supply

IC Laser Diode Driver

Pulsed Double Heterostructure Laser Driver
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HIGH-CURRENT DRIVE CIRCUIT FOR SINGLE HETEROSTRUCTURE LASER DIODES

B!
67.5 Vdc

B2
67,5 Vde

=i

i Y
(sc?. text)

—_— O(EIF
R4 T 250v
{see text) i
Laser

Window

Retainer nut

» (5]

]

N

LI Threads (cathode)

Typical Injection laser diode
(pulsed type)

(A) High-current drive circuit for a single heterostructure laser diode. (B} Fower leads for the tvpical sh laser
diode, showing single lead for the anode.

R1

R2

R3

R4

C1

Q1
B1,B2
Misc,

1 kilohm resistor
100 kilohm potentiometer
7.5 kilohm resistor

1 ohm resistor, carbon composition, 5 watts
0.01 uF capacitor, 250 V or higher

2N2222 or equivalent; see text

67.5 Vdc batteries

Single heterostructure laser diode, heatsink

All resistors are 5 to 10 percent tolerance, 4 watt, unless otherwise indicated.

McGRAW-HILL

Fig. 46-1

The transistor is operated in the avalanche mode. You might need to try several 2N2222 devices
before finding onc that oscillates. R2 is adjusted for optimum oscillation. This supply provides pulse
of 10 to 20 amps at ahout 50 ns,
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12-V HIGH-VOLTAGE SUPPLY FOR HE-NE LASER

R2
180k 02
* W > I Ancde
T 5
See text _0€3F
(0—¢ * ._______)FL Cs
c2 _F - #T>.02pF
R1 D3
MEHT 1
12v C1 g Q1 ) igh voltage
de { 22uF TIP140 output Laser Tube
500ma ’[ (approx. 2.5 kV)
D4
- HvV
N
* €3
\ O—e yl o53F _L o
1N4001 —) 02pF
C2-C5 2KV E\S’
D2-D5-2KV
R2 3watt minimum + I ‘ Cathede
J! on heatsink

200 ma input minimum

McGRAW-HILL Fig. 46-2

T1 is a 6-V:330-V de/de inverter transformer with a 57.4:1 turn ratio, rated at 7 W.

Rl 270-Q resistor

R2 180-kQ resistor, 3to b W

C1 22-uF electrolytic capacitor

C2 1-uF electrolytic capacitor

C3-C6 0.02-uF capacitor, 1 kV or more

D1 1N4001 diode

D2-D5 High-voltage diode (3 kV or more)

Q1 TIP 140 power transistor

T1 High-voltage de-to-dec converter transformer; see text for specifications

All resistors are b to 10% tolerance, % W, unless otherwise indicated. All capacitors are 10 to 20%
tolerance, rated 356 V or more, unless otherwise indicated.
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LIGHT-BEAM RECEIVER AND SOUND EFFECTS GENERATOR FOR LASER PISTOLS

+9¥de . RE
ki 9Vde
Rl
100k +9Vde
Cl 7
.1pF Tk
Qe
3
)
<
2
555
n
C4 - C5
Note: g 4. TuF
Ground all remaining inputs [l
on 4050, !
McGRAW-HILL Fig. 46-3

Schematic diagram for light beam amplifier and sound-effects generator (using a 555 timer IC
and speaker). The light striking Q1 generates a siren-like sound.

LASER DIODE TRANSMITTER

12¥de
Sl%
Q
A
C
/ ik 5 Ri
o—=|— 56k
Zal 1) i
Laser LM55S +
R2 = C2
10k 7T 33uF
Amplilied 3
audio 2
input
1 -4 3
T 470pF
N O &

Note: With componenis show, center  —
frequency is 40.31 kHz; replace R1
with 100K pot to adjust center [re-

quency.

Calculate center frequency using Lhe

fermula: 1.44
f= c3® v 2R
Fig. 46-4

McGRAW-HILL
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IR LASER LIGHT DETECTOR

From S1A

From S1B

Speaker or
earphone
+9Vde
r c3
I 330uF
O —9Vde
McGRAW-HILL Fig. 46-5

The universal laser light detector. The output of the LM386 audio amplifier can be connected to a small 8-£ speaker or ear-
phone. Two 9-V batteries provide power. Decrease R1 to lower sensitivity; increase R3 to increase gain of the op amp (aveid very
high gain or the op amp might oscillate). Q1.is an infrared phototransistor.




1454

PLL IR LASER LIGHT RECEIVER

From S1A

R
10kQ

R1
220x Q

From S1B

Speaker or
earphone

Notes:
Replace R4 with 10k pot to
vary center tuning frequency of
563. OK to use other PLL chip.

Increase overzll gain of circuit by
increasing R3 (up 10 1MQ).

With components shown, center free- )
running froquency of 565 PLL is 3¢.75kHz.

Calculale PLL free-rurming frequency with
the formula: (= - Rl4C2 R in %€k C in uF

McGRAW-HILL Fig. 46-6
Circuit schematics for the 555-based PLL laser light PFM receiver. Although R4 is shown as a resistor, you might want to sub-

stitute it with a 10-k€2 precision potentiometer so that you can “dial in” the center frequency of the transmitter. Experiment with

the value of C, for the best high-frequency response. Notice that circuit is functionally identical to the laser light detector/re-

ceiver shown in the figure, but with the addition of the 565.




OP-AMP DIODE LASER DRIVER

R1
100Kk 82 E

(=]
-12¥de
McGRAW-HILL Fig. 46-7
This circuit is one way to automatically adjust drive current using a discrete op amp. Use the
transistors specified or replace them with a suitable Darlington power transistor (such as TIP 120).

IC1 RCA CA 313 operational amplifier
R1,Rb 100-kQ potentiometer
R2 10-kQ resistor
R3 3.3-k€) potentiometer
R4 10-kQ potentiometer
R6 30-£2, 10-W resistor
Cl 100-pF electrolytic capacitor
c2 {(}.1-uF disc capacitor
Gl 2N2101 transistor
Q2 2N3585 transistor
Laser RCA C86002 (or equivalent laser diode)
LASER dc SUPPLY
4]
0 T
LIEF o L EEJEVO:F
‘E GH  gam
450V -30mA -
W opw
D' K
AR
*ALL DIODES: T
1H4D07H 5400
POPULAR ELECTRONICS Fig. 46-8

The supply provides about 6 kVdc when open circuited, dropping to around 1375 Vdc when
loaded. The R0O99 is a laser tube.
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+5Vdce

!

-5¥dc

McGRAW-HILL

IC LASER DIODE DRIVER

1€
R1
R2
Ul
51

]
{

Fig. 46-9

Misc.

Sharp [R3C02 laser diode driver IC
100-kQ resistor

22-C) resistor

22-uF electrolytic capacitor

DPDT switch

Double heterostructure laser diode
(such as Sharp LT02(}), heatsink

PULSED DOUBLE-HETEROSTRUCTURE LASER DRIVER

+HVde
e

R1
47k Q

1147

McGRAW-HILL

J s

IC1
555

IC1

y R1
R2
R3
C1
Misc,

R3
1000

T”’
3

more.

Fig. 46-10

bbbH timer 1C

47-kQ) resistor

1-kE2 resistor

100-kQ polentiometer

0.1-uF disc capacitor

Double heterostructure-laser diode,
heatsink

All resistors are 5 to 10% tolerance, 4% W. All
capacitors are 10 Lo 20% tolerance, rated 35V or
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47

Light-Controlled Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Traftic Light-Sequencer Circuit
Tachometer Adapter

Sun-Tracking Circutl for Solar Arrays
Optical Fringe Counter

Low-Noise Light Sensor with dc Servo
Photodiode Amplifier

Light-Switched LED Blinker
Single-Supply Photodiede Amplifier
Light-Controlled Monostable

Darkness Monitor

Prograrmnmable Light-Activated Relay
Traffic Light Controller

Colorimeter

Eight Decade Light Meter

LED Lightwave Communications Transmitter
LED Lightwave Receiver

Solar Power Supply

Solar Power Supply with Linear Regulator
Photodicde Log Converter/Transmitter
Rechargeable Solar Power for Sun Tracker
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TRAFFIC LIGHT-SEQUENCER CIRCUIT

+5V
[¢]] To
A1 2N2222 ] -amber
3 14 9 light
$tiMeg 8 4 16 " DS | Do
7 3 14 cf,ogo 3 1k RY 1
> pr (NOTE 1)
Q1 =t
£ A2 oz e B2 2z 3 To
-3 H 2N2222 1 res
11k 555 12{ca qa[le+22 e 4707 light
5 04 100, DA* L jan v
15 1 e D11 | D124
RS 05 # DS r * -
5., D6 ] 1k RY 2
Qe = {NOTE 1)
Q7 GH D7 T
9., par Q3 o
2 5 Qs b 2N2222 Lo, dreen
T; EN Q9 —l - ! g
+ - *
+ o1 11 Ooqg D1 to b8 AS D13 | D14 ¥
(Sew toxt) e IN914 4k RY 3
K= {NOTE 1)
NOTE 1. Relays rated for 5 Vdc
contact rating: 2A, 120 Vac
ELECTRONICS NOW Fig. 47-1

This circuit uses a 555 timer to drive a 4017 counter. The counter outpuls drive transistor relay
drivers. Time lights “on” can be proportioned by changing connections of outputs of counfer.

TACHOMETER ADAPTER
Light Photo- 3tooVv
source transistor + | |
Ty B R To freq.
counter *
Propeller, Light can be
fan blades, etc. transmitted or reflected
WILLIAM SHEETS Fig. 47-2

Use of a phototransistor and light. source can enable a frequency counter to act as a tachomeler:

Frequency Counter Reading Hz

REM =60 x # Blades or Spokes

The light source is interrupted by the number of propeller blades, fan blades, spokes, or other
marking. B can be anywhere from 1 to 100 kQ. Try several values for best results.
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SUN-TRACKING CIRCUIT FOR SOLAR ARRAYS

+12V C1
A 02
- |
1
R2 R4 l g—
10k 20k A—L—0
<,
| — {1
7-9V
P R6
Q2 400
R1 TIP120
75 () o1
AAAY 2N4401
MOT
Rg R8 R3 R7 R5
‘{\ a3n ‘{\ 33 0 .,l?LT 1
POPULAR ELECTRONICS Fig. 47-3

The sun tracker uses a combination of three photoresistors. R7, R8, and RS, to ensure that the
circuit will follow the sun during the day, but not look for it at night. Photoresistor cells, R7, R8, and
RY have a value of 160 Q in full sunlight and 4880 Q in the shade, that is not absolutely critical. R7 is
mounted in a “well” with a narrow slit so that sunlight falls upon it only when the photoresistor is
pointed directly al the sun. When that occurs, the resistance of R7 drops. That photoresistor and po-
tentiometer R4 form a voltage divider at the base of the Darlington transistor, Q1. When R7Ts resis-
tance is low, Q1 will be kept off.

When the sun swings a little westward, R7 will no longer be in sunlight, causing its resistance to
go up, which raises the base voltage of Q1 and turns that Darlington on. Thal, in turn closes the relay,
K1, providing current to the drive motor, MOT1, which is a 1.5-Vde, low-torque hobby motor. The mo-
tor then turns slowly (resistor R6 limits the maximum current to the motor and keeps it from running
too fast), putting R7 in direcl sunlight again; Q1’s base voltage then drops and the tracker stops. That
is repeated again and again as the sun moves across the sky. Photoresistor R8 is mounted on the out-
side of the well so that it receives a wide angle of full sunlight. When the simn is shining, R8's resistance
is low, keeping Q2 turned off, and allowing the tracker to act as described, without interference. But
if the sun “slips” behind a cloud, R8s resistance goes high, producing a forward bias on the base of Q2.
That turns that transistor on and sinks the base of Q1 to near ground so that Q1 then remains off. That
immaobilizes the tracker drive; thatl also keeps the drive shut down in the dark of night.

Photoresistor, RY, is the dawn sensor. 1t is mounted on the back of the sun tracker. When the
tracker stops at sunset, pointing toward the west, R9 is pointing toward the east. When the sun rises
the following morning and shines on R9, its resistance goes low, turning Q2 off and allowing Q¥1’s base:
to go high. That presents current to the relay and therefore to the drive motaor, causing the tracker
to swing around to the east.
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OPTICAL FRINGE COUNTER

Y+
(3-6Vdcy LED Segmen:
o (X4)
18
T
3 14 . — . —
Latch Enable T
# 1517 = L =
£ Display Select [ —\W—'
2z X
230K0) R};‘s] c2 A Q1
+5V 740926 01-Q4 p
T—”’-Resel B 8 N2222 Q2
1&}1 !ysll f 13 Clock o Q3
3
-+
4 R4 11
1
Q 100K$ Grd L @04
9

* Not required if +V is 4V or less
+ Optional, 10K£} o 10MEY, for sensitivicy

McGRAW-HILL

Fig. 47-4

For work with interferometer and optical experiments, this fringe counter can be useful. Photo
transistor Q1 provides light. and dark sensing. As the sensor is moved across the fringe pattern alter-
nate light and dark areas translate to an electrical waveform. This is amplified by IC1 and counted by

1G2. A Schmitt trigger circuit can be added, if desired.

LOW-NOISE-LIGHT SENSOR WITH dc SERVO

20F
|1
] I VAV"
A1
?I\ 1M
1
112 LT164 Vour
s 00222 F
1 o L 1|
I _v,. 1Ng14
i ¢ -
At —
1 bl
- NG14 ?S
2N3904

HAMAMATSY R4
$1336-58K 1k L
1908) 231-0960 R2C2 » C1R1 -V =

Cp = PARASITIC PHOTODIGDE CAPACITANCE
V- Yoyt = 100mV-pWATT FOR 200nm WAVE LENGTH
330mV:uWATT FOR 633nm WAVE LENGTH

LINEAR TECHNOLOGY

Fig. 47-5
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PHOTODIODE AMPLIFIER

£p D.14F
i

=1
g 1R;4
10 -
AN ——t
N~z
oPAGE? 4
i.1pfF —
Ay -
. 1M
AN 4
™
[
! 105F
7
RN - -
NG . —AA— ol
0PT2nY
&

ELECTRONIC DESIGN Fig. 47-6

A photodiode amplifier combined with a de-restoration circuit will reject low-frequency ambient
background light, easing measurement of a light signal.

LIGHT-SWITCHED LED BLINKER

R2
10K
+5V
,:,", ACTIVATES WHEN DARK
TO REST R3 a
OF CIRCUIT
o ?—5-1-0 ALWAYS ACTIVATED < 2N2222
R3
13 LED2
< p (BLINKING UNIT)
i

POPULAR ELECTRONICS Fig. 47-7

This circuit can be used to flash an LED during periods of darkness. Usc it for burglar alarm sim-
ulators for boats, docks, autos, etc.

301



SINGLE-SUPPLY PHOTODIOBE AMPLIFIER

+H5V

inl
| ﬁs T——LF 1 » znamE—_L

TLE2425 []

0
Comman j
2.5

ELECTRONIC DESIGN Fig. 47-8

This circuit provides a reverse-bias operating point and output voltage offset and-uses a single-
polarity power supply. The floating reference voltage from TLE2425 serves to bias the diode in a re-
verse-polarity mode. It also provides a clamping level at the output. Conseguently, linear response to
lumination is maintained for a 5-V range from dark current to full sunlight conditions.
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LIGHT-CONTROLLED MONOSTABLE

VCC - b fs
RE & R2 A1 J R? 2
ax§ EE 4K :E EE 10K € 2MEG ]c[;
7 < +
Utla > —a 7 6
3 v Us =
555
5 \\ il 2 3] &
Ry S
8. v
N 1 $——c QUTPUT
< < < R3 0
A ID A ID $x I—I
RS
RS Rd sl 27052
LEDT
- L
- -~
POPULAR ELECTRONICS Fig. 47-9

The light-controlled monoestable was produced by combining a 555 monostable multivibrator
with a pair of light-controlled comparators. The circuit can be used to enable the operation of the
load device, depending on the time of day. During the daylight hours, the timer U2, is disabled, and
50 produces no output. However, during the nighttirne hours, U2 is enabled by the output of Ul-b so
that pressing S1 initiates a timing cycle, which activates LED1 for a time determined by RS and C1.

DARKNESS MONITOR

= LGV
R1 & R2 &
10k $ 10K
Q2
2N2222
Q1.
ECG3031
GE) 1
b d a
+ "
-
POPULAR ELECTRONICS Fig. 47-10

When light strikes detector Q1, Q2 is cut off, allowing bias to reach SCR1, triggering SCR1 and
lighting LED1. 81 resets the circuit.

303



PROGRAMMABLE LIGHT-ACTIVATED RELAY

+Vv
(=]
R‘ié RG% R?% RS% ..740 .
1 ) .
s
R1 v
Cé)l/ To
D& ; E load
Do—--{--------}---- =
Q
R2
€ o—f - \ - w(;\ ,i i1
_______ A IC2 +
Bo o k9
AO— - - - R4
Q Q1
7
R3 i
McGRAW-HILL Fig. 47-11

Digital inputs A, B, C, D select different light levels by varying the value of bridge circuit resis-
tance K,.
4

IC1L 741 op amp

ica CI24066 quad bilateral switch

Q1 NPN transistor {2N2222) 2N3904, or similar)
D1 diode (1N4002, or similar)

C1 0.1-uF capacitor

R1 photoresistor

RZ, R3 390-kQ, %-W 5% resistor
R4, R6 1-MQ, %-W 5% resistor

R6 820-kQ, %-W 5% resistor
R7 470-k€, %-W 5% resistor
RS 270-k€, ¥-W 5% resistor
R9 100-kQ, %-W 5% resistor
Kl relay to suit load
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TRAFFIC LIGHT CONTROLLER

il

12V y pep 117 VAC
T1e } )
u2
MOC3010
us 2|
anz =
ua
MOC3010 TR
4
13 a
14 = "‘_l_ - GREEN
1 o o0 ()
(™)
MOC3010 TR3*
2 4
+12V -g““
14 5
—o{uss A T
5 usa |2
174 4011 {7 :
— 1/4 4013
¢ & F5 $ P4
mT F» 250K T 1MEQ
. *SEE TEXT
POPULAR ELECTRONICS Fig. 47-12

Oscillator UBA-B drives a 4017 divide-by-10 counter. The first output of Ul appears at pin 3,
which supplies a positive voltage to U2, a MOG 3010 optocoupler/triac-driver 1C, turning it and triac
TR1 on. That lights I1, the red tamp. The second output appears at pin 2 and passes through DI (o
the second MOC 3010, U3, thereby lighting the yellow lamp, I2. The third output at pin 4 turns on
UJ4 and the green lamp, I3. The fourth output at pin 7 travels through D2 and into U3 to light the yel-
low lamp, 12, again.

If you would like the traffic-light system to follow the normal sequence of green, yellow, and red,
make the following circuit changes: Disconnect pins 10 and 15 of Ul fromn each other. Remove DI and
D2 and connect pin 2 of U1 to pin 1 of U3. Then connect pins 7 and pins-156 of Ul together. Use U2 Lo
drive 13 (the green light) and U4 for I1 (the red light).
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COLORIMETER

PC +5V
EXPANSION -
BUS 14 o 20 Re ¢ £ P8
wolazz 1l 88 Ve o] Voo 47009 F15K
i O
A8 AZ3 15 Pe a0 3 20 v A s ™
a7l Wpg Q1 ;?,Z LEDS
A2 i1 - 1c3 4 BLUE
AG P3 74HCTesa Q2 T4HCTS533 S
AZg 8 9 AAA by
A5 Pz Q3 21 T W o
AZ7 4 10 As o/
Ad P1 GND 3300 LED2
g 2 pg Qafi2 . ‘EREEN
AEN [ L1 I aell 2 65 ‘\{':\
waviBlo vy ari : ‘,:,C-:;s LED3-a
anp (B3 P=Q = YELLOW
= 19 +BV 23 5 AN ™
R1Q £ RS —
1 g 473 126 o;iz‘ée
TABLE 1—LED COLORS AND G-
CODES . e 2977V >y
LED Wave-  Color Activation VLC;;?E RIMSON
tength Value po [22 3ip 25k 8 e
AR 15 § "
LEDY  470nm  Blue 2% o1 oo ve 7208 LED3b
LED2 560nm Green 2'=2 o2 | Ziap RED
LED3-a 590nm  Yellow 2°=4 Da 28 8lp gt NE 10
LED3b 700nm Red 28 RN -
A pa|AE 13 1C441 IC4-0
LED4  630nm  Orange 2'»1§ Al 50 s 74087 e 7
LEDS  665nm Crimson 2°x32 05 Weo a2y
LEDE  482nm Agua 2°=64 Py e LB iCh v
Az +5Y 5| 7805
o7 L o oo o H o
_ 2 LEDe
Fi 18] 171 16] 15{ 14] 13] 12{ 13 GND 12 2] AQUA
10K 4 [.00 DT D7 D3 D4 D5 DE 07 T 1 =
Ve LKCIN
-~ Bleika Voo fB—— +v
" 2300F Sy o
g, <] e
WA 5
1l ADCBU3 — TEXT o3
o] INT
7l o 1N9Y4
iN- Vine Ao
[ R3
GND,
10 A —|» R 220K
GNDp AD| 470K
=
ELECTRONICS NOW

Fig. 47-13
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COLORIMETER (Cont.)

LISTING 1i—CALIBRATION PROGRAM

10 ‘CALIBRAT.BAS calibration program

20 CLS:KEY OFF:N=(0:ADR=512:0FEN"R*,1, "CAL1",16:0PEN*r",2, *cal2", 24
30 PIELD 1,2A8 B$,2AS G$,2AS Y$,2AS O5,2AS C$.2AS5 RS, 2AS AS,2A3 AGS
40 FIELD %,24A5 ID3$

50 PRINT *refersnce number®,N+1:0UT ADR,255:BEEP:INPUT “Enter Name of Standard
or 'E' Tc End~;TEMPIDS

§0 IF TEMPIDS«*E* OR TEMPID$="a" THEN N=0: GOTO 20{

70 IF TEMPID$=*n® THEN INPUT*enter n to redo *,N:N:N-1:G0TO 50

80 NuN+l:FOR He0 TO 7:K=0:IF H<7 THEN Z=2"H ELSE 2-194

50 OUT -ADR,Z:PFOR I=1 TO S00:NEXT I

100 POR J=1 TO 50:R=K+INP(ADR) :NEXT J

110 IF H=0 THEN LSET BS=MKI (K}

120 IF H=1 THEN LSET G$=MKIS (K}

130 IF H=2 THEN LSET Y$=MKIS$(K)

140 IF H=3 THEN LSET CO$=MKI$ (K}

150 IF Hwd THEN LSET C5=MRI§ (K}

160 IF H=5 THEN LSET RE«<MKIS (X}

170 IF Ha=6 THEN LSET AS=MKI§ (K}

180 IF Hwa7 THEN LSET AG$=MRIS (K)

130 NEXT H:LSET IDS=TEMPIDS:PUT 1,N:PUT 2,N:CLS:GQTO 50

260 N=N+1:GET #1,N:GET #2 N:IF N»>(LOF(l}/16) THEN END

210 B=OVT (BS) :G=CVI(G$) 1 Y=CVI(Y$) 10=CVI(08) 1C=CVI (C$) :R=CVI (R$) :A=CVI(AS):
RG=CVI(AGS)

229 PRINT N, ID$:GCTC 200

LISTING 2—IDENTIFICATION PROGRAM

1 'IDENTIFY.BAS lidentification program

10 ADR=512:0UT ADR,255:PRINT:INPUT *Hit Enter To Scan/Identify Unknown
Color*:h

20 IF A=9 THEN RUN"fcal"

310 ERP+=1E+20:0REN®*R*, 1, "call*, 16

40 FOR H=0 TO 7:K=0:IF H«<7 THEN 2=2"H ELSE 2=194

50 OUT ALR,Z: FOR I=1 TO SO00:NEXT I

60 FOR J=1 TO SO0:K=K+INP{ADR}:NEXT J

70 IF H=0 THEN BU=K ELSE IF H=1 THEN GU=X ELSE IF H=2 THEN YU=zK

80 IF H=31 THEN OU=K ELSE IF H=4 THEN CUsK ELSE IF He5 THEN RU=K

50 IF H=6 THEN AUxK ELSE IF H=7 THEN AGUc=K

100 NEXT H:BEBEP

110 OUT §12,255:0PEN"T",2,“cal?",24:PIELD 1,2AS B$,2A5 G§,2AS ¥Y§,2A8 O§,2As
cs,2 AS HS,2AS AS,2AS AGH:B=LOF{1)/16

120 FOR Nl TO B:GET #1,K:IF ABRS( CVI{B$)-BU)>400 THEN 140

130 ER=(CVI(B§}-BU)*2+ (CVI{GS}~GU} 2+ (CVI(Y$)-YU)~2+ (CVI (O8] -OU) ~2+ (CVI (L) -
cur® 2+ (VT [REI-RUI"2+1* ({CVI (A5} -AU) *2)+2% ( (CVI [AGS) -AGU) *2] : IF ER<ERP .
THEN ERF= ER:NN=M

140 NEXT N

150 FIELD 2, 24AS IDS: CET #2,MN

160 CLS:PRINT *"Best Color Match=,ID$:PRINTRelative Ervor',BRP:PRINT"raeference
number® ,NN:RUN

A hardware/software combinalion activates. Tn turn, one of several LEDs emits a portion of the
visible spectrurn. A phototransistor measures the light reflected by the surface heing measured, and
an 8-bit analog-to-digital converter (ADC) translates the phototransistor’s output into a digital for-
mat that the computer can interpret. Seven LIEDs {blue, aqua, green, vellow, orange, crimson, and
red) provide a range of readings across the visible spectrum. Lack of spectral continuity among ad-
jacent LED colors could skew results, so the circuit provides built-in compensation for this error.

Two simple BASIC programs control the circuit’s operation. One allows you to define a set of
standards by measuring known color samples and recording the values with an associated name. The
other program measures unknown samples and provides the best match with the defined standards,
as well as a relative error factor.
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EIGHT-DECADE LIGHT METER

C
RiS £D022 uF

SR W

BATTERY
1] 9

] az

[ 111
\ L .

n m
a0

R R16™*
3¢ Ak

R18*
5§k 0- 1004

+

' -

T V1 = Gy = 100 nA

01 t V1= —0.24Va8y = 10 pA
1Nasy M1 = 0@y = 10 pA
"t M1 = fad@iy = 1mA
NATIONAL SEMICONDUCTOR Fig. 47-14

A logarithmic amplificr is adapted to a battery-powered light meter. An LM1(, combined op amp
and reference, is used for the second amplifier and to provide the regulated voltage for offsetting the
logging circuit and powering the bias-current compensation. This can provide input current resolu-
tion of better than +2 pA over 15 to 55° C. Because a meter is the output indicator, there is no need
to optimize frequency compensation. Low-cost single transistors are used for logging because the
temperature range is limited. The meter is protected {rom overloads by clamp diodes D2 and D3.

Silicon photodiodes arc more sensitive to infrared than visible light, so an appropriate filler must
be used for photography. Alternately, gallium-arsenide-phosphide diodes with suppressed IR re-
sponse are becoming available.
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LED LIGHTWAVE COMMUNICATIONS TRANSMITTER

+9Vdc

@
R3 = x)
470k Q2

1Clb
5532 (172} AT937

6
+9Vde
Al
Fal
ISC 3F
Op R9 R6
E i
C4 RS ORkT
. Q
100F 330 : L
R1.,A4 47k
R2,R3 470 k0
RA5R6 330 .
R7.A2 1k potentiometer
R8 10 kil potentiomster
i 0.002 uF disc
c2 0.1 »F disc
c3 18C pF disc
C4 10 xF polarized electrolytic
c5 100 uF polarized electrolytic
(o] 1.2 uF polarized electrolytic
c7 30 xF polarized elactrolytic
IC1 5532 low-noise amplifier IC
an A7937 transistor
LED1 High-output LED (see text)
J1 Miniature phone jack (for eiectret condenser microphone)
St -SPST switch
All resistors are 5 to 10 percent tolerance, /4 watt. All capacitors are 10 10 20
percent tolerance, ratad at 35 volts or more.
McGRAW-HILL Fig. 47-15
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LED LIGHTWAVE RECEIVER
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McGRAW-HILL

Tip
i1

Fig. 47-16




SOLAR POWER SUPPLY

+
————
D1 . v
1N5B19 c2 REG
PC1 : 1000 ouT
5 —
PC2 Ut 6 =
MAXB3IOCPA
- R1
PC3 2
$ (SEE TEXT)
4 |7—-—0
PCA R2 |
100K $
1% 4

PC5 PC6 PGC7  PCB

ELECTRONICS HOBBYIST HANDBOOK Fig. 47-17

This circuit delivers either 4.8 or 7.2 V regulated 4t 15 mA with a 3-V Input from a bank of pho-

tocells. R1 should be 453 kQ for a 7. 2-V output and 274 kQ for a 4.8-Vde output. Regulator efficiency
is around 70%. This should be considered when selecting suitable solar cells,

SOLAR POWER SUPPLY WITH LINEAR REGULATOR

PC1

PC2

PC3

PC4

ELECTRONICS HOBBYIST HANDBOOK Flg. 47-18

This regulator delivers a constant 2.4 Vdc for powering small devices that run on two AA cells,

such as cassetles and small radios. Regulator drop is about 0.3 volt. This should be considered when
choosing solar cells. Load current is typically 125 mA.,
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PHOTODIODE LOG CONVERTER/TRANSMITTER

1mA S lgur < 5 mA
350 pA < ip < 500 pF

t1Canter scale thm
tScale factor vim
*Copper wira wound

SOC::X: (~

o M

NN
—r
——y—0.004 . F ™
1%

R2
433
%

NATIONAL SEMICONDUCTOR Fig. 47-19

A logarithmic conversion is made on the cutput current of a photodiode to compress a four-
decade, light-intensity variation into a standard transmission range. The circuit is balanced at mid-
range, where R3 should be chosen so that the current through it equals the photodiode current. The
log-conversion slope is temperature compensated with R6. Setting the reference output to 1.22 V
gives a current through R2 that is proportional to absolute temperature because of D1 so that this
level-shift voltage matches the temperature coefficient of R6. C1 has been added so that large-area
photodiodes with high capacitance do not cause frequency instabilities.

RECHARGEABLE SOLAR POWER FOR SUN TRACKER

DI o \:‘ PCY”
L5 o AE 000
o o ¢ 00—
D3 0 ¢ o0
T
I > PC2
1NBAA cocoo
14 o oo ol—e
mt?u y | 200 This application circuit provides rechargeable
solar power for the sun tracker, as well as for an-
82 31&‘ other 12-volt device. PC1 and PC2 can be mounted
T Sun. on sun tracker assembly.
+12Y] rpacker |GND
F1 GIRCUIT
1AMP
. - I—E{-——[} »
' T *SEE TEXT
12V0G
SQOURCE
POPULAR ELECTRONICS Fig. 47-20
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48

Logic Circuits

The sources of the following circuits are contained in the Sources section, which hegins on page
707. The figure number in the box of each circuit correlates to the entry in the Scurces section.

Logic State Change Indicator
Combinatorial Logic Multiplexer
AND Gate

Relay “AND” Circuit

Relay “OR” Circuit
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LOGIC STATE-CHANGE INDICATOR

. 6
INPUT _j_L olb— JUi OUTPUT
1/296L02
MONOSTABLE - L
MULTIVIBRATOR = t

NASA TECH BRIEFS Fig. 48-1

A circuit consisting of a one-shot multivibrator IC, a pair of diodes, and some resistors and ca-
pacitors delivers an output pulse when the logic state at its input terminal changes—either from high
to low or from low to high. Thus, this circuit can serve as a state-change indicator or as a frequency
doubler for a square-wave input.

Any monostable can be used; the arrangement in the figure achieves low power dissipation (80
milliwatts) by using half of a Fairchild 96L02 transistor-transistor-logic dual multivibrator. The 96L02
is triggered when pins 3 and 5 are high and pin 4 changes state from low to high. It also triggers if pin
3 is high, pin 4 is low.

The circuit shown here allows these conditions to be satisfied with a single input terminal, plus
the fixed bias on pin 3, the arrangement of resistors, capacitors, and diodes automatically biases pin
5 high when transmitting a rising transition Lo pin 4 and biases pin 4 low when applying a falling tran-
sition to pin b.

For example, if the input terminal has been low and then goes high, C1 charges through a for-
ward-biased diode that shunts its 100-Q resistor; therefore pin 5.goes high immediately. C2 c¢harges
through 100 &; however, because its diode is back-biased, the rising level is not applied to pin 4 un-
til 5 is already high. Therefore, the conditions for triggering an output pulse are satisfied.

The output pulse duration, ¢, is set by the value of time constant RC.
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COMBINATORIAL LOGIC MULTIPLEXER

TRUTH TABLE

Funciion
c B A out
Q 0 G a
Q 0 1 1
4 1 0 Q
g 1 1 1
1 0 0 1
1 1] 1 1
1 1 Q 0
1 1 1 0
@) = AL +AB+CB
A P=AC 4R i) New lerm added
¢
0
T+ o qu ¥
——»
1%
Yy
SEL ,2/ l
(&) {8, &)
(6 SeL_ L B8 |
ELECTRONIC DESIGN Fig. 48-2

Combinatorial logic can be implemented simply by using a multiplexer instead of logic gates.
Shown are the truth table (A), its logic circuit (B), and the multiplexer connections (C). If the logic
circuitry is changed (D}, the multiplexer would be reconnected (E).

AND GATE
+V
ANy AW
-:L- RS Rd
A 1K 1K R? ::
100K +v K
A O——WW—
R2 S
100K 5| un Z_4
B MWy ’ .
14 LM129
A3
c 100K = oot
R6
v — iK
—
POPULAF ELECTRONICS Fig. 48-3

An LM139 is configured as an AND gate.(TTL or CMOS is usually used). With this idea, you can
use leftover IC sections and save an extra package in some instances.
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RELAY “AND” CIRCUIT

O NC
o—0 G
A0 NO
S1 sS2 83 Sn
12Ve—o"o—o0"To—0"0 o
12.v
H relay
WILLIAM SHEETS Fig. 48-4

All switches S1 through S must be closed to operate the relay. If one opens, the relay drops out.
Use this eircuit for burglar alarms, ete.

RELAY “OR” CIRCUIT

+12V 8, 12-V relay

—)-—0—0/1—1 D 0 NC

S g

0—./21—-4 LO_NO
SS

0—0/.—1
Sy

h—./ri—il

WILLIAM SHEETS Fig. 48-5

Closing any switch S1, 52, 83, or S, will actuate the relay (N = any number). Use this circuit for
burglar alarms, etc.
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49

Mathematical Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Low-Cost One-Quadrant Multiplier/Divider
Low-Cost Accurate Square-Root Circuit
Low-Cost Accurate Squaring Circuit
Bridge Linearizing Function

Square Rooter

Analog Variable Multiplier/Divider
Difference of Squares

Approximaticn for Sin ¢

Simple Analog Averaging Circuit
Simple Analog Multiplier

A% Ratio Computer
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LOW-COST ONE-QUADRANT MULTIPLIER/DIVIDER

m -
(X} INPUT M

. GAIN TAIM
<

+15Y

Vour

20k  J00k
Ay IEM
ABST

e

,r——t b = —18¥

1
: 1%
/ ‘M—D (z) INPUT
3

iMaad

] +

100 pF
I 4

NATIONAL SEMICONDUCTOR Fig. 49-1

This cireuit will produce an output that is proportional to the product of the (X) and (Y) inputs
divided by the Z input. All inputs must be positive, limiting operation to one quadrant. For very low
level inputs,-the offset voltage in the LM308s might create large percentage errors referred to input.
A simple scheme for offsetting any of the LM308s to zero is shown in dotted line; the positive input
of the appropriate LM308 is simply tied to R, instead of ground for zeroing. The summing mode of
operation on all inputs allows easy scaling on any or all-inputs, Simply set the input resistor equalto

(Vipimagy (200 HA)Y. V. is equal to:
X\ Y
|| — Rr_
()

out 7z
Ry
Input voltages above the supply voltage are allowed because of the summing mode of operation.
Several inputs canbe summed at X, ¥, and Z.
For a simple (X)) « (¥) or (X)/Z function, the unused input must be tied to the reference voltage.
Perturbations in this reference will be seen at the output as scale factor changes, so a stable refer-
ence is necessary for precision work. For less critical applications, the unused input can be tied to

the positive supply, with

(max)

_ V+
"~ 200 pA
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LOW-COST ACCURATE SQUARE-ROOT CIRCUIT

0 < ¥y < +10V

P
!
\
N
- s o— -
1/2LM388  S1dk™~— — — — — — T 12Maee
2% & 12K
5%
-15V
REGULATED =
“Trim for full scale accuracy.
NATIONAL SEMICONDUCTOR Fig. 49-2

The circuit will generate a square-root function, accurately and inexpensively. The output is a
current that can be used to drive a meter directly or be converted to a voltage with a surmming junc-
lion current-to-voltage converter. The —15-V supply is used as a reference, so it must be stable. A 1%
change in the —15-V supply will give a % shift in output reading. No positive supply is required when
an LM301A is used because its inputs can be used at the same voltage as the positive supply (ground),
The two IN457 dicdes and the 300-k2 resistor are used to temperature-compensate the current
through the diode-connected ¥LM394.
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LOW-COST ACCURATE SQUARING CIRCUIT

INPUT
D<Vys +10V
[ ;
< 100%" =
oY% 1004 1.
==~
\
!
=/
-
> 150k
1%
-15V
30 pF REGULATED
*Trim for full scale accuracy.
NATIONAL SEMICONDUCTOR Fig. 49-3

The circuit shown will square the input signal and deliver the result as an output current. Full-
scale input is 10 V| but this can be changed simply by changing the value of the 100-kQ input resis-
tor. As in the square root circuit, the —15-V supply is used as the reference. In this case, however, a
1% shift in supply voltage produces a 1% shift in the output signal. The 150-k€2 resistor across the
base-emitter of KLM394 provides slight temperature compensation of the reference current from the
—-15-V supply. For improved accuracy at low input signal levels, the offset voltage of the LM301A
should be zeroed out, and a 100-kQ resistor should be ingerted in the positive input to provide input
to provide optimum dec balance.
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BRIDGE LINEARIZING FUNCTION

i Vg
X2
AD534
OUTPUT —CO Egur
[-E 1Y)
SF z, R v - Eour
2] Eour (-2 1=Y
INPUT 10
¥ Yy Eour = 10 -
1£5v) Yoy
Y
¥ v WHE = Y
L1 s REv = ov)
ANALOG DEVICES Fig. 49-4

If one arm of a Wheatstone Bridge varies from its nominal value by a factor, (1 + 27), the veltage
or current output of the bridge will be (with appropriate polarities):

x
1+a

y::

Linear response requires very small x and, usually, preamplification. The circuit shown here en-
ables large-deviation bridges to be used without losing linearity.
The circuit computes the inverse of the bridge function, i.e.,

L Y

T 1+y

Depending on which arm of the bridge varies, it might be necessary to reverse the polarity of the
z connections.

321



SQUARE ROOTER

. - Eour
* " l %HL
Xz =
g:;::"“:é ADS534 [Equr - At -Eoyr + A} = -10Z
INPUT, A QUTPUT p— tEoyr - AJ =102
10V PK. Epyr «/T0Z + A
—_— SF Zy
j
o 22—
Yy
¥a Vg
+
INPUT 10V F 5., +12V PK.
ANALOG DEVICES Fig. 49-5

This illustration shows the connection of the AD534 for square-rooling, with differential inputs.
The diode prevents a latching condition-—common to this configuration—which would occur if the
input momentarily changed polarity. As shown, the output is always positive; it can be changed to a
negative output by reversing the diode polarity and interchanging the X inputs. Because the signal
input is differential, all combinations of input and output polarities can be realized. If the cutput cir-
cuit does not provide a resistive load to ground, one should be connected to maintain dicde conduc-
tion. For critical applicaticns, the Z offset can be adjusted for greater accuracy below 1 V.

ANALOG VARIABLE MULTIPLIER/DIVIDER

R3

MO
[ b
mF T
pi A +15V
500 [ AD734
ANy [] x vp [13
Vxé Az e T3l 2 ep (13 FO.1uF
b =1 X1+¥1
T vl R2 & '——{3 uo w hz}— W=
Tl ™ ffw o
—5] uz z2 [10 —
—{&] v1 R [o]NC ‘0-1uFJ_
1uvfi§ 4 71 v2 VN H =
NC = NO CONNECT -15v
A1, A2: OP.249
ANALOG DEVICES Fig. 49-6

An output voltage (W = X, x ¥;/U/)) is produced by this multiplier circuit. The AD734 is a four-
quadrant multiplier.
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DIFFERENCE OF SQUARES

(A + Bl X, "W
KA YBHA-B] ., o
0
—1 X
=="1" apsaa y
P - BUTPUT 4 OEp=? "DB
10
10k sf z
L 10k 1A -Bl€ 125V
< 10k 72 |A + Bl § 25V
‘b
A i Yy =
(A -B)
B Y2 Vg
ANALOG DEVICES Fig. 49-7

A single AD534 can be used to compute the difference of the squares of two input signals. The
function can be useful in vector computations, and in weighting the difference of two magnitudes to
emphasize the greater nonlinearity.

APPROXIMATION FOR SIN ¢

l—l X4 evg | o185V
X
AD534
Bk ouUTPUT 5 O,
47k
_— 5F 2,
10k 2, 43 o .
- F<e<90
®F
OTUEf'IOV h (f*%l’:a)(h}
s vy |18y - T 'ﬁEu-Ea
-~ 9/140) E5 - 1 )
Eq = E, __ (91400 By -1 V-
o= B a0 kg - mang - PVIee
WHERE 8 = L —EL
2 {1V
ANALOG DEVICES Fig. 49-8

The AD534 is remarkably easy to use in the implementation of the approximation formulas de-
scribed in Chapter 2-1 of the Nonlinear Circuits Handbook. Many of these involve implicit loops to
generate the function and previously required several additional op amps for the addition and sub-
traction of the various terms. This circuit is an example of what can be-done with external resistors
only. For ¢ between 0° and 90°, the approximation maintains a theoretical accuracy to within 0.5%
of full-scale; 0.75% is practical with AD534L and 0.1% resistances were used.
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SIMPLE ANALOG AVERAGING CIRCUIT

Ry

iR
-12¥ 10k
+12¥ 2
st
A + " e 01% =
-2y GAtanen 2
/A5 =LFé1
Py-Pgare 10k
Voltage
at
points TABLE
“AT +5 +5 -5 +1.5 -1 +8 +10 +10
B +5 5 5 3 £ +8 0 | e
G +5 +5 +5 -5 -5 3 +10 +10
“n- +5 +5 +5 +25 -8 +@ +9 +10
Output across RL +5 +2.5 4 -1.26 -4.25 +5.5 +9.75 +5.25
ELECTRONIC DESIGN Fig. 49-9

At times, an analog circuil that averages rather than sums can be quite handy. You won't usually
find this type of circuit in op-amp books, possibly because the op amp is used only as a buffer. For
best accuracy, an FET should be used with the offset adjusted out. In addition, the “averaging” re-
sistors (R1 through R4} should be of close tolerance.

Looking at the test circuit, op amps 1 through 4 are used to alleviate interaction between ad-
Justment potentiometers.P1 through P4 and so that R1 through R4 see the same low impedance.

The table shows some arbitrarily set voltages and the resulting output voltage across B,
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SIMPLE ANALOG MULTIPLIER

NATIONAL SEMICONDUCTOR Fig. 49-10

Circuit operation can be understood by considering A2 as a controlled-gain amplifier, amplifying
V,, whose gain depends on the ratio of the resistance of PC2 to R5 and by considering Al as a con-
trol amplifier, which establishes the resistance of PC2 as a function of V1. In this way, Ve 18 a fune-
tion of both V and V,,. .

A1, the control amplifier, provides drive for the lamp, L1. When an input voltage, V), is present,
L1is driven by Al until the current to the summing junction from the negative supply thro ugh PC1
is equal Lo the current to the summing junction from V1 through R1. Because the negative supply
vollage is fixed, this forces the resistance of PCL to a value that is proportional to R1 and to the ra-
tio of V| to V- L1 also illuminates PC2 and, if the photoconductors are matched, causes PC2 to have
a resistance cqual to PCL.

A2, Lhe controlled gain amplifier, acts as an inverting amplifier whose gain is equal to the ratio of
the resistance of PC2 to R5. If Rb is chosen cqual to the product of B, and V-, then V,,,, becomes
simply the product of V, and V,. RS can be scaled in powers of 10 to provide any required output
scale factor.

325



A% RATIO COMPUTER

! X, v
X2
AD524
hal QuUTPUT Q Eouv
= SF 2y
2z
8 {NPUT o Egurtim
POSITIVE vy 0 SB-A
ONLY! 10
i o R FS Vs -
= Eour = 10028
B
f1% PER VOLT)
A INPUT
ANALOG DEVICES Fig. 49-11

The percentage-deviation function is of practical value for many applications in measurement,
testing, and control. For example, the output of this circuit might be applied to a pair of biased com-
parators to stimulate particular actions or displays, depending on whether the gain of a circuit under
test were within limits, or deviating by a preset amount in either direction.

The indicated scale factor, 1%/V, is convenient. However, other sensitivities, from 10%/V to
0.1%/V, as required by the application, can be obtained by altering the feedback attenuation ratio,
from 1 to Xm. Gain or attenuation is easily applied to the A signal externally for calibration to the nor-
malized form.
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50

Measuring and Test Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Electronic Level

Single-Chip Digital Vollmeter

Inductance with DVM Measuring Circuit
Negative Reference Voltage Circuit
Precision Current Source

1-kW Power Meter

Logic Chip Tester

Power Supply for 10-MHz Frequency Standard
Three-Terminal Regulator Current Source
Four-Wire Resistance Measurement Hookup
Audio Frequency Meter

ELF Monitor

Strain-Gage Sensor

Minute Marker

-Digital Baromeler

Reference Circuit

Transistor Matching Circuit

Auto-Ranging Digital Capacitance Mcler
Frequency Divider for 10-MHz Frequency Standard
Electroscope

Optical Isolator Wattmeter

Digital Three-Phase Wave Generator

Simple Test Audio Amplifier

Gate Dip Oscillator I

Aceeleromeler (G Meter) Circuil

(ate Dip Osciltator 11

Two Remote Meters

Novel RF Power Meter

Nanoammeter

1.56-V Logarithmic Light Level Meter

ac Power Monilor

100-W Variable Resistor Simulator

IMD Test Circuit for Pin Diodes

VCO and Input Frequency Comparer

ECG Amplifier with Right Leg Drive

Power Transformer Tester

4- to 20-mA Process Controller

Simple High-Current Measurer

Analog Circuitry Calibrator

Simple Signal Generator for Signal Tracing

Simple Harmonic Distortion Analyzer

Sound Subcarrier Generator

Inductance and Capacitance Determiner
with SWR Bridge

Motoreycle Tune-Up Aid

50-MHz Frequency Counter

10-MHz Frequency Standard

Programmable Capacitor Circuit

Programmable Resistor Circuit
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ELECTRONIC LEVEL
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POPULAR ELECTRONICS Fig. 50-1

The electronic level uses a pair of phototransistors and an infrared LED Lo sense bubble pesition.
In this circuit, the amounts of infrared radiation received by phototransistors @1 and Q2 are Lrans-
lated by op-amp U1 and dual-timer UJ2 into either a steady tone, or a fast- or slow-pulsing cne.
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SINGLE-CHIP DIGITAL VOLTMETER
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ELECTRONIC EXPERIMENTERS HANDEOOK Fig. 50-2

This 4%-digit DVM circuit is built around a Maxim ICL7129ACPL A/D converter and LCD driver. An ICL8069 CCZR 1.2-V
band-gap reference diode is used for a voltage reference. S2a-b-c select one of four ranges up to 200 V (maximura). The meter
also has a piezoelectric buzzer for continuity testing. S3 selects either DVM or conginuity. Crystal 1 can be changed to 100 kHz if
maximum rejection of 50 Hz is desired. The crystal normally provides 120 kHz for best 60-Hz rejection. This is caused by the dual-
slope conversion technigue used in IC1.
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INDUCTANCE WITH DVM MEASURING CIRCUIT
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The inductance meter cornprises an oscillator and pulse shaper, The square wave from the oscillator is differentiated and the
differentiator output is shaped and read on a DVM. This will be proportional to inductance. R1A, B, C set calibration and R6 is an
offset control.




NEGATIVE REFERENCE VOLTAGE CIRCUIT

+V
T Notes:
1. Vog = Oifiset voltage of operational amplilier.
+ | Positive-Rafarence-§ — 2VREF=-Va 2 IVpsl = -V
[] voltage Gircuit [ | because |Vyg| € emor in VREF-

—u—

Apg -V

[ S VY —

118

11 Ro

} 15A

||

Gperational
Amplitier
VREF
R
:
L
Ll h
NASA TECH BRIEFS Fig. 50-4

This figure illustrates a circuit that supplies a precise-negative reference voltage. To meet re-
quirements of accuracy and stabilily, it incorporates a highly precise positive reference voltage by
use of a high-gain, stable feedback booster circuit.

The booster circuit includes an operational amplifier and a transistor, which handles the load
current. Typically, a positive-reference-voltage circuil can handle only relatively small load currents.
This consideration does not apply in the present circuit because the positive-reference-voltage unit
is placed in the voltage feedback loop of the booster circuit in parallel with resistor £2,. Thus, from
the perspective of the positive-reference-voltage unit, £ is a constant load. This feature enhances
the stability of the cirenit by removing the load regulation factor.

Provided that the offset voltage of the operational amplifier is low, the accuracy of the overall cir-
cuit depends only on the accuracy of the positive-reference-voltage unit. The overall circuit draws
very little power for its own operation. It can handle unexpectedly heavy loads; the feedback con{ig-
uration and the high gain provided by the combination of the operational amplifier and the transistor
give the circuit a very low output impedance. The capacitors reduce the noise voltage and help sia-
bilize the circuit. In the event that the load becomes a short circuit, B, protects the transistor by lim-
iting the load current.
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PRECISION CURRENT SOURCE

ON/OFF

’_0/ REVERSE
ERRQR/ 3 i.l*)_ R
Rl BATTERY BATTERY
: oK TEST
auTeuT
2
F*\ RE o2t
Al 100M  ZNAIIE
— LMIIC A
LI 21 o'
L / N2219
(>5.4Y) N >
% A4
-[- < 9.1k
10 mA
iyl
IN4250

RS 1mA

1.5k I R4 .

' ' 100M “calibrate range

% tseloct lof lepo < 100 pA
1004
NATIONAL SEMICONDUCTOR Fig. 50-5

A complete, battery-powered current source suitable for laboratory use is shown. The op amp
regulates the voltage across the range resistors at a level determined by the voltage on the arm of the
calibrated potentiometer, R3. The voltage on the range resistors is established by the current
through Q2 and Q3, which is delivered to the output.

The reference diode, D1, determines hasic accuracy. Q1 is included-to ensure that the LM11 in-
puts are kept within the commen-mode range with diminishing battery voltage. A light-emitting
diode, DZ, is used to indicate output saturation. However, this indication eannot be relied upon for
output-current settings below about 20 nA, unless the value of R6 is increased. The reason is that
very low currents can be supplied to the range resistors through R8 without developing enough volt-
age drop to turn on the diode.

If the LED illuininates with the output open, there is sufficient battery voltage to operate the cir-
cuit. But a battery test switch is also provided. It is connected to the base of the op-amp output stage
and forces the output toward V+.
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1-kW POWER METER
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NATIONAL SEMICONDUCTOR Fig. 50-6

The power meter shown uses only one transistor pair to provide the complete (X) (¥) function,
The circuit is intended for 117 Vac =+ 50 Vac operation, but can be easily modified for higher or lower
voltages. It measures true (nonreactive) power heing delivered to the load and requires no external
power supply. Idling power drain is only 0.5 W. The load current-sensing voltage is only 10 mV, keep-
ing load voltage ioss to (1.01%. Rejection of reactive load currents is better than 100:1 for linear loads.
Nonlinearity is about 1% full scale when using a 50-pA meter movement. The temperature correction
for gain is accomplished by using a copper shunt {(+0.32%/°C) for load-current sensing. This circuit
measures power on negative cycles only, so it cannot be used on rectifying loads.
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LOGIC CHIP TESTER
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ELECTRONICS NOW Fig. 50-7

This device compares two logic signals and indicates whether the two logic signals are the same
or different. To use the tester, first connect the test input 10 the suspect pin of the DUT. Next, con-
nect the reference input to the same pin of an identical reference chip that is known to be good. Push
the reset button to begin the test; the green section of the bicolor LED will be illuminated, Any sig-
nhal on the test device that differs from the one on the reference device will then momentarily light
the LED lamp that corresponds to that pin, and also lateh on the red section of the bi-color LED. That
indicates that the device under test is faulty, If the reference and DUT signals are the same, the DUT
is OK, and the green LED will remain lit.
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POWER SUPPLY FOR 10-MHz FREQUENCY
STANDARD

12V

RADIO-ELECTRONICS Fig. 50-8

This simple power supply can be used in place
of battery Bl of the 10-MHz frequency standard.

THREE-TERMINAL REGULATOR CURRENT

SOURCE
IC1
ECGI56
IN outT
ADJ ]1
wog
0.25 W 1
4 R2
= 50 'E
Lgy 20-TURN <

Binding posts

Voltmetar

or robes
alligator e

clips

ELECTRONICS NOW Fig. 50-9
A three-terminal voliage regulator acts as &

current source in this circuit. A resistor is being

calibrated using a DMM and the current source.

FOUR-WIRE RESISTANCE MEASUREMENT

HOOKUP
Reference
current, i
Currant"/y
lead
r;
o Voltmeter

’_> / probes

Leags of Measured
resistor Rx * voltage
under - X%
test Q X

1_:_J

ELECTRONICS NOW Flg. 50-10

A true four-wire resistance measurement
hookup.

AUDIO FREQUENCY METER

INFUY

* RS
10052

o—{-—--|¢
51 a1 l
“av

POPULAR ELECTRONICS Fig. 50-11

A pulse-shaper is used in a tachometer cir-
cuit to drive a meter.
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ELF MONITOR

+9V
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2.2 ki
See
XL 22 4F 12 TLOS2
— |
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+9v
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10 k£ SWIR 9V
Bat
i
C3
10 xF
McGRAW-HILL Fig. 50-12

A telephone pick-up coll is used as a sensor for low-frequency magnetic fields. The signal is am-
plified and detected, then used to drive a comparator.

STRAIN-GAGE SENSOR

4mA NULL

L oz .
ZF 1N4D02
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ALL RESISTORS . 1% OR #ETTER [T T 200 'l‘;&;o
POTENTIOMETER TEMPCO «SOPPW € —AA N —0
bt * loran
ANALOG DEVICES Fig. 50-13

In this loop-powered strain-gage sensor application, a 50-mV full-scale (FS) bridge output is am-
plified and calibrated for a 4-20-mA transmitter oulpul. Power is furnished by the remote loop sup-
plyof 12t0 36 V.
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MINUTE MARKER
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ELECTRONICS NOW Fig. 50-14

The figure shows the schematic of a minute marker. The output of transformer T1 is 12.6 Vac
at 60 Hz, which is rectified by D1 and regulated by IC4, and LM7805 regulatar, to provide 5 Vde
for the circuit. The unrectified ac is bandpass-filtered by R1, R2, R, C1, and C2. Resistors R2 and
RE also form a de-voltage divider, which biases the input of Schmitt trigger IC3-a to 2.5 V. The
Schmitt trigger generates a 60-Hz square wave, which is fed to the input of IC1, a CE4040 12-
stage binary counter.

The outputs of the counter are a 4081 quad AND gate (IC2), and the decoded output is fed back
to the reset input of the counter, which resets the counter when the desired count is reached.

The pulsc from 1C2-d is inverted by Schimitt trigger IC3-d, and passed along to the cutput pulse
generator. The output pulse is gencrated by two Schmitt triggers cross-connected as an RS flip-flop
(IC3-b and IC3-¢). The output of the flip-flop is fed to 3, R4, and C3, whose values set the output
pulse duration. The output pulse duration (7 can be approximated by the formula T'= 1.2 x €, X (¥,
+R,). A positive or negative-going pulsc is selected by 81, and huffered by the remaining ANID gate
(1C2-a).
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DIGITAL BAROMETER
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POPULAR ELECTRONICS Fig. 50-15

A pressure sensor is used in this application, This cutpuis a voltage to amplifier U2, and a 3%
digit A/D converter module. It is calibrated to read barometric pressure in inches of mercury.
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REFERENCE CIRCUIT

e O Output tabla
3
0y Vour (V)
{6.3 to 15 V[ see fext) REF102 25
7 REFIM 45
W REF195 5.0
]
REF19X
3  out
EI'IBIJ|B> (SEE {able T HBEV‘["Hd f
(1 G |4 (see text)
Mieragn  +L006F_1015F ¢
3
TIL0'= oft 1,F35V
Vi, comman
o} * .
Common

ELECTRONICS DESIGN Fig. 50-16

In this high-performance reference circuit, U1 is a device from the REF190 series producing de-
vice-selectable outputs of 2:5, 4.5, and 5 V with simple, noncritical external circuitry. An Analog De-
vices REF 19 X (see the table in the figure) is used to derive a reference voltage.

TRANSISTOR MATCHING CIRCUIT

*SEE TEXT
POPULAR ELECTRONICS Fig. 50-17

In order to match two transistors, select Q1 and Q2 so that they give zero readings (or as close
as possible) on a DVM. The DVM acts as a null detector. An analog meter can be substituted. S1
should be set for an appropriate level of base current (approximately 8, 80, or 800 pA).
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AUTO-RANGING DIGITAL CAPACITANCE METER
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-POPULAR ELECTRONICS Fig. 50-18

This digital capacitance meter reads from 1 pF to 1000 pF. Basically, 4 timer (U4) uses the unknown
capacitance to generate a pulse of duration, depending on the value of unknown capacitance, and the
pulse duration is measured. The display is an LCD 0003 driven by a 740947 counter/display driver.
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FREQUENCY DIVIDER FOR 10-MHz FREQUENCY STANDARD
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CHARGE COLLECTOR
{SHORT BARE WIRE OR
SMALL METAL SPHERE)

+9V

[#3]
MPF102

R2*
33K -

*SEE TEXT

POPULAR ELECTRONICS

ELECTROSCOPE

Fig. 50-20

This circuit is useful for detecting electrostatic
charges. In operation, C1 reduces ac noise, but low-
ers the sensitivity a bit, The MPF102 and R1 form a
voltage divider. When the FET's gate is earth-
grounded, the divider’s output will be about 4.5 V
giving a hatf-scale reading on M1, a 200-puA meter. A
positively charged object (like cotton-rubbed glass)
will give a positive deflection from half-scale, and a
negatively charged object (a plastic comb, for ex-
ample) will give a negative meter deflection.

The whole circuit (including the -V battery
supply) should be in a metal enclosure, and a short
piece of bare wire makes a fine charge collectar.
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OPTICAL ISOLATOR WATTMETER

O
<

' I

Power < 1300 W él[

> Out
1¥=100W

ELECTRONIC DESIGN Flg. 50-21

The quad-channel optical isclator, consisting of LED L1 through L4 and phototransistors Q1
through Q4, is connected in a double bridge configuration. The arrangement serves to compute the
four-quadrant product of ac line voltage and Z1 load current. The result is an accurate representa-
tion of the true instantaneous power delivered to the load—even il the line voltage wanders and the
Inad is reactive and nonlinear. This wattimeter function is, of course, optically isolated from the ac
line, has full-scale limit of 1300 W, and is output with scalc factor of 1 V/100 W.

342



DIGITAL THREE-PHASE WAVE GENERATOR
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ELECTRONIC DESIGN ng. 50-22

With a simple digital circuit, three-phase square waves can be produced from a single-phase
square-wave signal source. The timing diagram shows that the second and third phases are 120° and
240° behind the first phase, respectively.

The frequency range over which the three-phase outputs will occur is limited only by the capa-
bility of the logic used. The outpul frequency is % of the input frequency.

SIMPLE TEST AUDIO AMPLIFIER
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G
ELECTRONICS NOW Fig. 50-23

This circuit has a gain of about 20. A suitable power supply voltage is 5 to 12 V, depending on the
desired audio output power level.
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GATE DIP OSCILLATOR |
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POPULAR ELECTRONICS
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CABLE
TO ANTENNA

Fig. 50-24

The typical dip meter is comprised of a tuning coil, RF oscillator, a detector, and a meter as
shown in A, When the meter’s tuning coil is coupled to a tuned circuit resonating at the same fre-
quency asthe GDM, the reading dips (C). The GDM’s tuning coil can be coupled to the coaxial feed
line of an antenna through a few (perhaps 2 to 3) turns of wire, and used to determine the antenna’s

resonant frequency (D).
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ACCELEROMETER (G METER) CIRCUIT
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POPULAR ELECTRONICS Fig. 50-25

As this schematic shows, the ADXL50 aceelerometer, U2, interfaces with an A/D converter, U3, to
drive a 8%-digit .CT) module, DISP1. Because that module displays any number from —19.9% to +19.99,
the circuit is designed to measure g's within that range. The heart of the circuit is U2, the ADXL50 ac-
celerometer. The sensitivity of that chip is set. to =20 g's in order to accommodate the full scale capa-
hility of LCD module DISP1 (19.99). Circuit gain is determined by the values of R4, R, and R6,
potentiometer R2, and R3 provides a way to manually set the zero-g voltage-output level at pin 8 of U2
to half the supply voltage—2.5 V. That output voltage will vary linearly by 0.1-V/g of acceleration.

In order to achieve good circuit performance at low g levels, the bandwidth-of the amplifier is
limited to about 30 Hz by C6. The digital-display section of the circuit is composed of DISP1 and U3.
Included in U3 are the A/D converter, clock oscillator, storage resistors and latches, 3%-digit seven-
segment decoders, and backplane generator.

The differential analog input of U3 is applicd belween pins 30 and 31. The positive input, pin 31,
is driven by output-pin 9 of U2 through R8&, a buffer resistor, and the negative input, pin 30, is biased
at a fixed voltage of 2.5 V by a voltage-divider string composcd of R9 and R10.

A reference voltage is required by U3. Full-scale display, 19.99, occurs when the differential, ana-
log input voltage applied between ping 31 and 30 is equal to twice the reference voltage. The decimal
point of the LCD has to be illuminated to display readings from 0.00 to 19,99, That is done by invert-
ing the hackplane square-wave drive signal appearing at pin 21 of U3, through MOSFET Q1, and ap-
plying the 180-degree cut-of-phase signal to pin 12 of IMSP1.
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GATE DIP OSCILLATOR Il

TABLE 1—COIL WINDING DATA

Band (MHz) Turns Wire Size/Type
35 65 45 32-enameled
6.5 11 32 26-enameled
11 18 14 20-gnameted
15 24 10 20-enameled
21 36 7 insuiated connection wire
32 56 4 insufated connection wire
60 110 U-shaped* 16 enameied

*1.8-inches fong

— §-12V

AAA

FvYYy
Lhd

12
100uH
"SEE TEXT
=

c7
0033 T
c8 i
10pF
E__@ FREQ. OUT
POPULAR ELECTRONICS Fig. 50-26

-Useful for measuring the resonant frequencies of antennas, tuned circuits, and also as a tuned
detector, this circuit is a modern variation of the classic vacuum tube grid dip oseillator. It coupled
the .D.O. to a tuned circuit and caused RF energy to be absorbed by the unknown tuned circuit
when the G.D.0. frequency was the same as that of the tuned circuit in question. This showed as a
“dip” in the meter reading.
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TWO REMOTE METERS
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ELECTRON!C DESIGN Fig. 50-27

Two remote meters can be driven independently using just one wire pair. This “constant vurrent”
design eliminates the effects of wire-pair resistance up to 200 €. Driving two remote meters inde-
pendently usually requires two wire pairs {one pair for each meter).

In the circuit, IC1 and IC2 generate a 40-Hz symmetrical square wave (the frequency isn’t criti-
cal). Q5 through Q8 amplify the square wave to 5 V p-p, which is applied to the “return” (black wire)
for the remote meters.

Amplifier IC3A buffers the input signal voltage V., intended for meter M1 (0 to 8 V), and sends
it through emitter-follower Q3 to a 100-Q current-sensc resistor. The other end of this resistor is tied
to the “supply” (red wire) of the remote meters. [C3B ampilifies the voltage across the sense resistor,
which corresponds to the current sent to remote meter M1, and closes the feedback loop to IC3A.

This results in a voltage of 0 to 8 V at the M1 input, generating a current of 0 to 10 mA to M1.
Transistor @1 gates this current on and off synchronous to the 40-Hz square wave so that meter M1
actually sees a 50% 0-to-+10-mA peak (0 to 5 mA average) current,

Similarly, IC3C, IC3D, Q2, and Q4 provide a 0- to —10-mA peak current for M2. M1 and M2 are
isolated by the two-reverse-cannected 1N914 diodes in the remote-meter box. Variable resistors
across M1 and M2 permit calibration, The extra 1N914 diode in the M2 drive circuit prevents inter-
ference hetween M1 and M2,
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RF DESIGN

NOVEL RF POWER METER
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Fig. 50-28

The ¢ircuit matches the diode with a voltage-variable attenuator that has a logarithmic response.
By varying the attenuation until the diode output is zero, the resulting attenuation value then corre-
sponds to the input power level. Because the voltage-variable attenuator’s output is logarithmic,
diode nonlincarities become negligible.
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NANOAMMETER
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NATIONAL SEMICONDUCTOR Fig. 50-29

Potentiometer R2 provides an electrical meter zero by foreing input offset voltage V. to zero.
Full-scale meter deflection is set by R1. Both R1 and R2 only need to be set once for each op amp and
meter combination. For a 50-uA 2-k€ meter movement, R1 should be about 4 kQ to give full-scale
meter deflection in response to a 300-mV output voltage. Diodes D1 and D2 provide full input pro-
tection for overcurrents up to 75 mA.

With an R, resistor value of 1.6 MQ, the circuit becomes a nanoammeter with a full-scale reading
capability of 100 nA, Reducing R, to 3 kQ in steps, as shown in the figure increases the full-scale de-
flection to 100 pA, the maximum for this circuit configuration. The voltage drop across-the two input
terminals is equal to the output voltage (V) divided by the open loop gain. Assume that an open loop
gain of 10,000 gives an input voltage drop of 30 uV ar less.
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1.5-V LOGARITHMIC LIGHT LEVEL METER
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NATIONAL SEMICONDUCTOR Fig. 50-30

A portable light-level meter with a five-decade dynarmic range is shown. The circuil is calibratéd
at mid-range with the appropriate illurnination by adjusting R2 such that the amplifier output equals
the reference and the meter is at center scale. The emitter-base voltage of Q22 will vary with supply
voltage; so It4 is included to minimize the effect on circuit balance. If photocurrents less than 50 nA
are to be measured, it is necessary to compensate the bias current of the op amp.

The logging slope is not temperature compensated. With a five-decade response, the error at the
scale extremes will be about 40% (a half stop in photography) for a £18°C temperature change.

If temperature compensation is desired, it is best to use a.center-zero meter to introduce the off-
set, rather than the reference compensation. It can be obtained by making the resistor in series with
the meter a copper wire-wound-unit.

If this design'is to be used for photography, it is important to remember that silicon photodiodes
are sensitive to near-infrared light, whereas ordinary film is not. Therefore, an infrared-stop filter is
called for. A blue-enhanced photodiode or an appropriate correction filter would also produce best
results.
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ac POWER MONITOR
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ELECTRONIC DESIGN Fig. 50-31

The 0- to 130-V voltmeter and necn “AC PWR” lamp provide an average indication of the ac
power. The fusc and metal oxide varistor (MOV) protect the monitor against overvoltage spikes.

Four 1N4004 diodes rectify the ac voltage, generating ncgative-going pulses twice per cycle
(every 8.33 ms for 60-Hz power). Variable-resistor F1 supplies a reduced amplitude sample of these
pulses to a missing pulse detector consisting of Q1, IC1, and associated circuitry. As long as the pulse
amplitude exceeds the threshold value set by R1, IC1 continually triggers, keeping its output high.
When the pulse amplitude drops below the threshold value, IC1 times out with a time constant set by
variable resistor R2 and the 0.47-uF capacitor. R2 is calibrated to read the number of cycles required
for a dropout indication. It can be set between 1 cycle (about 17 ms) and 30 cycles (0.5 second).

When IC1 times out, its output goes low. This turns on LED1. The low output also triggers [C2,
whiich is configured as a set-reset flip-flop. This turns on LED2. When the voltage returns to normal,
IC1 again starts triggering and its output returns high, turning off LED1. LEDZ, however, remains on
until the manual reset button is pressed.

The circuit is powered by a 9-V battery and is assembled in a plastic or grounded metal case. No-
tice that there’s no isolation between the ac power line and the monitor circuitry. Be careful to avoid
-electrical shock when testing the circuitry.
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100-W VARIABLE RESISTOR SIMULATOR
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ELECTRONIC DESIGN Fig. 50-32

Variable resistive loads with precise load steps often are required in automatic testers used to
test and calibrate power supplies. The action of a high-power (100 W) variable resistor can be simu-
lated with the circuit shown.

The voltage drop across R1, which is proportional to the FET current, is compared against a vari-
able input voltage reference using a high-gain op amp. Error voltage developed by the amplifier drives
the gate, controlling the transconductance of the FET,

Power dissipation is limited by the safe-operating-area curve of the selected FET. The FET
should be mounted. onto a properly sized heatsink or a heatsink-fan combination to maintain its case
temperature within safe limits. The circuit is designed to dissipate a maximum power of 100 W if the
FET-case lemperature is maintained below 50°C. The potentiometer (RV1) can be replaced by a dig-
ital-to-analog converter so that it can adapt to the computer control for use in automatic testers.

352



IMD TEST CIRCUIT FOR PIN DIODES
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A lnosely coupled tuned circuit for testing IMD preduction by PIN and tuning diodes in a narrow-
band preselector, 81, TUNING, selects whether C1 or a-pair of back-to-back MV1650 tuning diodes
resonate L1. 82, PIN, adds or removes an MPN3700 PIN diode in series with C1. L1 consists of 33
turns of #28 enameled wire on a t-37-6 toroidal powdered-iron core. The MV1650, a “20-V” turning
diode, exhibits a nominal capacitance of 100 pF at a tuning voltage of 4 V.

VCO AND INPUT FREQUENCY COMPARER
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ELECTRONIC DESIGN Fig. 50-34

Comparison of an input signal’s frequency (f)} with that of voltage-controlled oscillator (f..)
can be accomplished with just one CMOS phase-locked loop [C and a transistor (see figure), The
phase and the frequency can be compared with a phase comparator, which, along with the VCO, is
part of the HEF4046 PLL IC. The transistor helps introduce hysteresis, enabling the circuit to be
used as a switch driver.
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ECG AMPLIFIER WITH RIGHT LEG DRIVE
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WILLIAM SHEETS Fig. 50-36

Very often a power transformer is suspect and connecting a shorted transformer to an ac source
can be hazardous, This test method will detect a defective or shorted transformer. The primary of the
power transformer is energized through a Variac (0 to 130 Vac) and a lamp equal in wattage to about
half that of the transformer under test. Connect the transformer, set Variac at zcro, then energizecir-
cuit. Apply voltage to suspected translormer (Tx) as shown. The lamp should not light. If it does, Tx
Is shorted. Next, short the secondary of suspected Tx. This time, the lamp should light. For multiple
winding transformers, repeat for each secondary winding. Beware of the shock hazard as the open
windings of Tx can develop full-rated voltage.
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4- TO 20-mA PROCESS CONTROLLER
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LINEAR TECHNOLOGY Fig. 50-37

The figure shows how to use an LTC1453 to make an optoisolated digitally controlled 4- to 20-mA

process controller. The controller circuitry, including the optoisolator, is powered by the loop voltage
that can have a wide range of 3.3 V to 30 V. The 1.22-V reference output of the LTC1453 is used for
the 4-mA offset current and V., is used for the digitally controlled 0- to 16-mA current. £ is a sense
resistor and the LT1077 op amp modulates the transistor @1 to provide the 4- to 20-mA current
through this resistor, The control circuitry consumes well under the 4-mA budget at zero scale.

SIMPLE HIGH-CURRENT MEASURER

R1

NEUTRAL

POPULAR ELECTRONICS -Fig. 50-38

Testing heavy-load devices with a ten-amp maximum meter can be accomplished with this
straightforward meter add-on. If done right, it could be made from a high-current extension cord. Ji

and J2 are well-insulated jacks to acceptl meter probe tips.
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ANALOG CIRCUITRY CALIBRATOR
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An XICOR X9241 Quad POT IC can be used to digitally adjust four analog circuits, as shown in
the example schematic.

SIMPLE SIGNAL GENERATOR FOR SIGNAL TRACING

QUTPUT

3

POPULAR ELECTRONICS Fig. 50-40

A simple R-C oscillator generates a harmonic-rich waveform for signal injection.
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SIMPLE HARMONIC DISTORTION ANALYZER

VIN 0.1 Vour

R1 &, A2 4
u<:>: ] soon::- jl e 3
[ 4 \ [

\
| SR (s N
L R4
3 7.68K
-«
1%
RS
EE 15.40K 4
1% ol C3 3
02 1
* = 1% MYLAR
POPULAR ELECTRONICS ng. 50-41

This simple circuit lets you accurately measure the total harmonic distortion (THD) using your
true-RMS voltmeter.

This THD circuit is somewhat different. from the usual types: it can operate at the standard fre-
quency of 1000 Hz, but it also is tunable from 970 Hz to 1030 Hz, and has an adjustable @ factor of
0.3 to over 50. Op-amp Ul, a TLC272 CMOS unit, contains the two voltage-followers required to
buffer the input to the bootstrapped twin-T noteh filter. Tuning is accomplished by R1, R2, and R3,
which are standard lincar-taper slide pots “ganged” together hy mounting them side-by-side and glu-
ing their sliders together. The only other important construction hint is to use twisted pair at the cir-
cuit’s input and output.

To calibrate the circuit, input a 1000-V RMS signal at 2000 Hz, set 51 to TEST, and adjust R7 for
a reading of 0.99-V RMS on a true-RMS voltmeter at the output.

To usc the circuit, set 81 ta TUNE, input a 1000-Hz sine-wave signal to the amplifier under test,
and set the amplifier’s ousput to the THD adapter and tune R1/R2/R3 for the lowest output signal
Then, set S1 to TEST and read the RMS voltage. To calculate the percent THD use:

1%
THD = (Tt) x 100

in
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SOUND SUBCARRIER GENERATOR

» 16V
regulated

1 +
WP Mv21712 B
. - Q2
Q1 MPF102
Input 2N3565 LTLls 050 68 >
5-10 F F
1 uF p P
my RMS Q H L L T i %—» Output
= l 120 1 2.2 pF
= I pF kO
4.5 MHz or 10.7. MHz
WILLIAM SHEETS Fig. 50-42

This circuit will generate an FM sound subecarriet at 4.5 ar 10.7 MHz for FM and TV IF testing
and alignment. Q1 is an audio amplifier and Q2 is a VCO modulated by an MV2112 varactor. Devia-
tion up to 1% of frequency can be obtained. L is chosen to resonate with the circuit capacitance to
either 4.5 or 10.7 MHz. The values will be around 2 to 10 uH, depending on the frequency.

INDUCTANCE AND CAPACITANCE DETERMINER WITH SWR BRIDGE

SWR Short Piece of
Analyzer RG—58 or RG—B
500

Alligotor Clips

QsT Fig. 50-43

At resonance, the SWR will be 1:1 with a 50-Q resistance, as reactance is zero. If either Z or C is
known:

k)
(Xcl = X1 = SfC = anjL
1 . 1

L unknown (2Rf)zc C unknown (ZTCJ)ZL

358



MOTORCYCLE TUNE-UP AID

(ro
[ 1GNITION
: cOolL)
END
CAP
SPARK 2
PLUG ™

1/4-INCH-THICK
PLASTIC MATERIAL®

I

END
CAP

"SEE TEXT

POPULAR ELECTRONICS

[025-INCH QAP*
"N-..-*

81"

.

(TC SPARK —
PLUG IN EN%?NE
ENGINE)
GROUND)

Fig. 50-44

Performing a tune-up on a newer bike is made a lot easier with this helpful circuit. Because of
the high voltages present, make sure that S1 has an insulated handle and that the fixture is
grounded. With the ignition turned off, remove one of the spark plug wires and connect it to the
spark plug on the fixture, Slip the fixture’s cnd cap over the spark plug on the cycle and you're ready
to go. Open S1 and start the engine. Then, close S1; the cylinder with the fixture should not fire and
a spark should be seen at the fixed gap. Be sure that the fixture is connected to the engine ground

before closing S1.

359



09g

50-MHz FREQUENCY COUNTER
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POPULAR ELECTRONICS Fig. 50-45 |

This inexpensive frequency counter uses a microcontroller as the counter. The microcontroller feeds an LCD display module
that accepts standard ASCII code. The frequency is displayed as Hz, kHz, or MHz and the counter is autoranging.
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10-MHz FREQUENCY STANDARD
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RADIO-ELECTRONICS Fig. 50-46

A Radio Shack 10-MHz receiver is used as a basis for this circuit. The L.O. and IF frequencies are added. When the receiver

is tuned to 14 MHz (WWV), the sum of the L.0. and IF are used to phase lock a VCO to the 10-MHz signal. By using a divider in
the loop, 2.5 or 5 MHz can be used as well.




PROGRAMMABLE CAPACITOR CIRCUIT

+v
Digital control inputs o]
A B C D cé
[ ? '—%—J
113 '5 '6 112 14
1 : ! ! t Ci
/c . y . —¢
) . ' 2
: T : e
| | 3
8 T \ ¢ {3
1 9
11 T L@
10
7 iC1
C5
IL
i\

¢}

McGRAW-HILL

1C1
C1
c2
C3
C4
Ch
6

CD4066 quad hilateral switch
10-uF, 25-V capacitor

22-uF, 25-V capacitor

47-uF, 25-V capacitor

100-pF, 25-V capacitor

1-uF, 25-V capacitor

0.1-uF, 25-V capacitor

Fig. 50-47

The programmable capacitor can be very usclul in circuits where you need to switch capacitance
values. Remember that the “ON” resistance of IC1 appears in series with the capacitors and must be
taken into account in some applications as it is not negligible.
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PROGRAMMABLE RESISTOR CIRCUIT

Digital control inputs +V

C D

A B
]? Ct

113 '5 6 12 4 1t
1 _LF : : ! R1
o : : X 2 AN
! |
4 —’I"rcf E ! - ‘5&,
) 1
]
8 —7s : S
[} 9
! R4
L /c 0 ANA
7 IC1

McGRAW-HILL Flg. 50-48

IC1 CD4066 quad bilateral switch
Cl 0.1-uF capacitor

R1 10-k£2, 4-W 5% resistor

R2 4.7-kQ, 1-W 5% resistor

R3 2.2-kQ, %-W B% resistor

R4 1-k€2, 4-W B% resistor

RS 1-MQ, 4-W 5% resistor

A programmable resistor can replace a potentiometer or fixed resistor. Remember that the “ON”
resistance of IC1 might have to be taken into account in some applications.
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51

Metronome Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Audible Metronome
Visual Metronome
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AUDIBLE METRONOME

IC1
|Cl
8

IC2 C3
c2 |
8

4 51
[77 RT
R2
IC1, IC2 LM3909 LED flasher/oscillator C3 47 wF 10 V electrolytic capacitor
IC3 7400 quad NAND gate C4 0.01 wF capacitor
SPKR small loudspeaker R1 50 k() potentiometer
51 SPST switch R2 3.3 k() "4 W 5% resistor
C1 1 wF 10 V electrolytic capacitor R3 47 k) 14 W 5% resistor
cz 100 wF 10 V electrolytic capacitor R4 500 ( potentiometer
McGRAW-HILL Fig. 51-1

IC1 generates an audible frequency while a variable very low frequency is generated by 1C2. R1
sets the metronome rate. The two signals are combined in 1C3.
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IC1

D1
81,82
C1

McGRAW-HILL

VISUAL METRONOME

+15V

IC1
1 o4

52
5 i —_E‘/‘*‘]
1 +

C2

%
R1
R2
LM3309 LED flasher/oscillator (02] 47 wF 6 V electrolytic capacitor
LED R1 50 k) potenticmeter
SPST switch R2 3.3 kf) 1+ W 5% resistor

100 pF 6 V electrolytic capacitor

Fig. 51-2
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52

Miscellaneous Treasures

MOSFET Drive Current Booster
Simple Event Counter
Frequency Doubler
Atmosphere Noise Monitor

Tachometer Derived from Brushless Shaft Angle

Resolver
Vocal Stripper
Vocal Stripper Power Supply
Single-Chip Message System
Television Vertical Deflection Circuit
Tone Burst Generator
Audio Volume Limiter
Simple Intercom for Noisy Environments
Ditherizer
Triac Lamp Dimmer Circuit
500-ksps 8-Channel Data Acquisition Circuit
Hydrophone
Your Name in Lights

The sources of the following circuits are contained in.the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Underwater Microphone

Pulse Echo Driver

Simple Pseudorandom Voltage Source
TV Horizontal Deflection Gircuitl
Muting Circuit

Simple Remote Gain Control

Loop Oscillator Eliminator

1-A Voltage Follower

Electronic Fish Lure

Heartbeat Transducer

Contact Debouncer

Positive Feedback Cable Terminator
x10 Frequency Multiplier

Jacob’s Ladder

Master-Slave Device Error Checker
Ground Loop Preventer

Dual Tone Generator for Audio Servicing
Diodeless Peak-Hold Circuit
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MOSFET DRIVE CURRENT BOOSTER

TP
10825 | Load

| ¥
o TR
T Input }f\\{

T

current O
Dionics

DIG-12-08-045
Photovoliaic diode array

10825

14914 —,

ELECTRONIC DESIGN Fig. 52-1

A clean and inexpensive way to eliminate the floating-gatc supply is to use the vollage available
at the MOSFETs drain to drive its gate. Tying the collector of Q1 (a high-voltage, small-signal, 400-
V NPN) to the MOSFET’s drain supplies sufficient gate-drive voltage when it’s needed most—when
the MOSFET’s drain-to-scurce voltage is high. Two such circuits used back-to-back form an ac rclay.

Using the emitter follower attached Lo the drain increases gate-drive current and decreases the
MOSFET’s turn-on time by a factor equal to the high-voltage NPN's beta. The resulting drain-to-
source voltage fall times depend on the MOSFET’s size and its required gate charge. The circuit
that’s used gives a fall time of 200 us for an MTP10NZf5 10-A, 250-V MOSFET. With such {all times
cutting switching losses, pulse-width modulation at frequencies under 100 Hz is possible.

During tune-on, Vi,; falls rapidly until it reaches the sum of the IN914 diode’s 0.7-V drop, the col-
lector-ernitter saturation voltage of Q1, and the gate-to-source voltage required to support the load cur-
rent. At that point, the diode array completes the MOSFETs turn-on, unaided by the buffer. This slows
the fall of ¥, considerably when it reaches about 5 to 7 V. In high-vollage, low-frequency systems, tail-
ing of V. is tolerable because the tail’s voltage magnitude constitutes a small fraction of the switching
voltage. The IN914 makes it possible for V. to exceed V. as the MOSFET completes turn-on.
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SIMPLE EVENT COUNTER
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! ur |0 o 7-SEGMENT I
7805 T l J COMMON-ANGDE gl |b
1 2 DISPLAY g
G 57 100K
+ GI Ic
= 2 la |4 |7 SR
B1
iy 5 u2 d
s 555
L_q 1 6 |3
cl R2*e RI"$ R4°% BE* S RE7E R7°4 Ratd
o1 '[ ?g s $ 5 3 s
1k
- i
14 |5 bobis i ha lie lsr fio
9 wlf 9 a b ¢ d
us U4 E
7450 8 3 7447 9
E 6 |10 L12 11 5 [1 ]2 e 17 s
y
*R2—RB 53
4700 q
POPULAR ELECTRONICS Fig. 52-2

51 is a power switch. U2 drives counter U3 by producing a pulse when S2 is depressed. U4 and
DISP1 read the count of counter I U3. 83 is a resct to zero switch. The counter is a basic one-digit
circuil useful as a holding block or by itself,

FREQUENCY DOUBLER

R2 +15V

1.6k AD734 0.1pfF
X1 VP 14|——l—| I@

X2 DD [13]NC

uo w
20Vpp 20Vpp
100kHz u z 200kHz
u2 z2 J
. Y1 ER[9INC V
L . Y2 VN E—T—|
v InF
= ~15V
NC = NG CONNECT
ANALOG DEVICES Fig. 52-3

An Analog Devices AD734 four-quadrant analag multiplier is used as a frequency doubler.
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ATMOSPHERE NOISE MONITOR

53
Rt ES. ADJ. quTPUT
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BLY DISCHE 1 Q

INPUT

POPULAR ELECTRONICS Fig. 52-4

Tune an unmodified transistor radio to an unused frequency near 540 kHz that’s free of broad-
cast-station interference; the receiver is used to pick up sferics. The received signal is fed from the
receiver's earphone jack through a patch cord to the input jack (J1) of the circuit. The back-to-back
audio transformers, T1 and T2, provide a suitable impedance match and signal level when the unit is
used with various receivers.

Diode D1 rectifies the audio input from the receiver to pulsating de, which is filtered by C1, R1,
and C2 to provide a time constant of several minutes. That dampens out fluctuations in most cases,
unless lightning flashes are very infrequent.

The voltage appearing at the output of the filter is a function of signal strength transferred by C1.
Switech 51 is included to provide a convenient way to discharge the capacitors, if adjustments are re-
quired during a monitoring session.

Integrated circuit Ul (one section of an .M324 quad pro op amp) is used as a high input-resis-
tance voltmeter. Resistors R2 and R3 determine amplifier gain, and potentiometer R4 is used to ad-
just full-scale meter deflection for a suitable voltage level at the input. A value of 1.5 V has been
satisfactory for use with several receivers tried, but they can be changed.

If the monitor is to be used only as a meter, the milliammeter can be connected directly between
R4 and chassis ground, omitting RS, 83, J2, and J3. The latter components provide suitable output
for use with a chart recorder having a full-scale range of either 10 mV or 1 mA. The circuit, when
powcered from a 98-V battery, draws about 1 mA.
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TACHOMETER DERIVED FROM BRUSHLESS SHAFT ANGLE RESOLVER

Demodulator Circuits
20K
- P
s -i-
______________ .
222224 K
1
8 +"4$
—e Kkoo8(0)
"‘“'“r_| X 10K
20K
sin{wf)— 2N2D22A g ) i
20K 1 [
H
NASA TECH BRIEFS Fig. 52-5

The tachometer circuit operates in conjunction with a brushless shaft-angle resolver. By performing a sequence of straight-
forward mathematical operations on the resolver signals and utilizing a simple trigonometric identity, it generates a voltage pro-
portional to the rate of rotation of the shaft.

The figure illustrates an analog tachometer circuit that processes the input and output signals of a two-phase, brushless,
transformer-type shaft-angle resolver into a signal with instantaneous amplitude proportional to the instantaneous rate of rota-
tion of the shaft. The processing in this circuit effects a straightforward combination of mathematical operations leading to a fi-
nal gperation based on the well-known trigonometric identity [sin{x)]? + [cos(x)}]* = 1 for any value of .

The resolver is excited with a periodic waveform; a sinusoid is indicated in the figure, but a square, triangular, or other peri-
odic waveform could be used instead. Thus, the two outputs of the resolver are k; sin(wt)sin(6) and k, sin (@t)cos(8), where &,
is a constant proportional to the amplitude of excitation, ol is 2y the frequency of excitation, ¢ is time, and 9 is the instantaneous
shaft angle.

The two outputs of the resolver are then processed, along with a replica of the sinusoidal excitation, by demodulators. These
signals are then differentiated with respect to time in two differentiator circuits. Notice that d6/dt is the rate of change of the
shaft angle and is the quantity that one seeks to measure.

Next, a multiplier circuit forms a product of the demodulator and differentiator outputs proportional to sin(8), and the prod-
uct of the demodulator and differentiator outputs proportional to cos(@). The output of the cosine multiplier is fed to a unit-gain
mverting amplifier. .




VOCAL STRIPPER
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RADIO-ELECTRONICS Fig. 52-8

The schematic of the lead vocal filter is shown in the figure. The left and right channel signals are
coupled through C1 and C2 to buffer amps IC4-a and 1IC4-b. From the buffer amps, the left and right
channel signals pass through active crossovers I1C5-a and 1C5-b, sending all low frequencies to a final
mixer IC6-c, and all middle and high frequencies to analog delay lines IC1 and IC2, RD5106 266-sam-
ple bucket-brigades. Integrated circuit IC2 delays the left-channel signal by 2.4 ms, set by the fixed-
frequency clock generated by %I1C3, R47, and C24. The right channel signal is delayed by 1C1 with a
variable-frequency clock generated by 4IC3, R48, R49, and C23. Potentiometer R49 is used for phasc
adjustment.

The output of each delay line from 1C1 and IC2 passes through low-pass filters [C6-a and -d, and
their associated parts, to filter out high-frequency sample-steps produced by IC1 and ICZ. Balance
control R36 is adjusted fer equal amplitude of the left and right channels, IC6-b is a difference am-
plificr that-cancels all lead vocals that are common to both channels. The resulting signal from [C6-b
is remixed with low frequencies by IC6-c and is then sent fo the output via buffers IC4-cand 1C4-d.
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VOCAL STRIPPER POWER SUPPLY
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RADIG-ELECTRONICS Fig. 52-7

The power supply schematic for the lead vocal filter circuit.

SINGLE-CHIP MESSAGE SYSTEM

0
i

Ly

ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 52-8

The [SD1016 is a complete analog audio record/playback system on a chip. The analog signal is
sampled and the samples stored in an EEPROM as analog levels. Upon playback, the analog data is
read out and amplified. Up to 16 seconds of data (audio) can be stored.
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TELEVISION VERTICAL DEFLECTION CIRCUIT

+1zv

sdAs
-
Ny

B

2N3860
1
1:'2"5 :som 1 | 2.5 mH
b
14
s 15+”‘F l an
ey S0V
| 268K
I i:mm R7 215002 Rs‘{n.sn
- x

]
—12v

4 e
Yoke curvent, iy (£) 0 /\/\ 1y
— -1

%

Sl BN

L g

Yoke impedance 4o VL sir—mo —
e
‘,
di, .
=L —+Ri
dat

+

McGRAW-HILL Fig. 52-9

Two transistors are used to drive the yoke (2.5 mH + 0.3 ) in this deflection circuit. R8 samples
the yoke current and provides feedback to G2, resulting in a very linear current ramp through the yoke.
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McGRAW-HILL

TONE BURST GENERATOR

+v
R5
%R?ﬂ %RZ%R'I 4 14 13 lRG
12
R4 1C1 g
556 1
C5 L
cil+ 7
T 9
; 510 3 7 11
L1 1

cﬂ )7 ice

CD4066

T—B Digital
control

-=-}—(C inputs
\i- ~t—-D

© Qutput

Fig. 5210

The burst length is digitally controlled by inputs A, B, C, D. This input selects the necessary val-
ues of R and €. The circuit shown in the figure generates a burst of tone followed by a silent period,
then another tone burst is sounded and so forth. The timing of the tone bursts is digitally controlled

via the CD4066 (1C2). A parts list for this circuit is given in the table.

IC1
1c2
C1
c2
C3
C4, C6

556 dual timer {or two 555 timers) Ch
CD4066 quad bilateral switch R1
1-uF, 25-V electrolytic capacitor R2, R4
4.7-uF, 25-V electrolytic capacitor R3
10-pF, 26-V electrolytic capacitor R5
(.01-pF capacitor R6

0.047-uF capacitor
100-kQ, %-W b% resistor
220-kQ, 4-W 5% rcsistor
680-kQ, %4-W 5% resistor
12-k£2, 4-W b% resistor
4.7-k€Q, 4-W bB% resistor
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AUDIO VOLUME LIMITER
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RADIQ-ELECTRONICS
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Fig. 52-11

In this circuit, amplifier IC1-a provides signal amplification of —40 to +40 dB depending on the
valuc of the LDR. The LDR (light dependent resistor) is driven by rectified audio from voltage fol-
lower IC1b and bridge rectifier D1 through D4.

SIMPLE INTERCOM FOR NOISY ENVIRONMENTS
{10

MOTORCGYCLE
BATTERY}
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c2 4
:’2’2 R2
4 2.2K
" RS + AP
10k
¥
MICH

POPULAR ELECTRONICS Flig. 52-12

This intercom was originally designed for motorcycle to passenger communications. A simple
“passenger-to-pilot” intercom circuit is shown. Two LM386 ICs are connected in a-low-gain amplifier
circuit with the headphone output of one paired to the microphone input of the other. The micro-
phones are electret elements and the earphones can be of the in-ear type or of the small stereo/mono
type that will fit inside a helmet, Both amplifiers in the circuit operate at a minirnum gain of 20 dB.
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DITHERIZER
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POPULAR ELECTRONICS Fig. 52-13

In digital audio, a noise signal of amplitude less than one significant bit is often added to the au-
dio to reduce the quantizing effect and improve the audio quality by trading digital “neise” for ana-
log noise, which does not have the harsh sound. This circuit consists of a noise generator to add a low
level of noise to an analog signal to be digitized, or an analog signal from a digital source.

TRIAC LAMP DIMMER CIRCUIT

L MT2
——@—,—l"""‘ —_———
1 H l
00 u R' X
*—. R
<7
Ce 15kQ <
. = 0.1 uF MT1 1 Saubber network
Q) 120 vac R1 t
60 Hz Ci c2 RCA S
0.1 0.1 Dp3zo2u TN
HF pF 5 C
For 220-V, 50/60-Hz Operation,
replace T2800B with T2800D.

McGRAW-HILL Fig. 52-14

The brightness of a lamp or lamps can be varied with this eircuit. The snubber circuil values are
typically 0.1 uF and 100-Q. B, is typically 25 to 100 k€2.

377



500-ksps 8-CHANNEL DATA ACQUISITION CIRCUIT

W

| co4est
Vo &Y
-y |
“T< BUNFEER Vo on -
sieut | T2 REQUIRED d P
CHANNELS | =772 AN ad o R
+25V) o + DSP’
RANGE | _| >
— e
| 4o -5v
Vss 5y
= |Vez ABC | écmszu
| [ ————J  EnasLe
-5V 01 COUNTER
Q0 RESET
DA « R4

LINEAR TECHNOLOGY Fig. 52-15

The high input impedance of the LTC1278 allows multiplexing without a buffer amplifier. Both sin-
gle channel and muttiplexed high-speed data acquisition systems benefit from the LTC1278/LTC1279s
dynamic conversion performance. The 1.6-ps and 1.4-us conversion and 200-ns and 180-ns S/H acqui-
sition times enable the LTC1278/LTC1279 to convert a 500 ksps and 600 ksps, respectively. The figure
shows a 500-ksps 8-channel data acquisition system, The LTC1278's high input impedance eliminates
the need for a buffer amplifier between the multiplexer’s output and the Ade's input.

HYDROPHONE

DYV

1C1, 1C2, and IC3 5V CMOS op amp
IC4 386 audio amp
IC5 7805 5-V Regulator

220 uF

RS c8
1k ©.022uF

HE——

—

c15 RO <
4.7 uF IZQ:

vy

R1

10 kQ2 R3
Hydrophonc 1 kG2
"

c3 |
AP U 470402 479 k.()
< Rz c4 7 A
Sioka 0.005 uF 001 Joo022uE
R7 " e~ C5
1 0.005 uF
;

McGRAW-HILL, Fig. 52-16

A commercially available hydrophone transducer is used in this system. The transducer is con-
nected via a cable to the amplifier, which remains out of the water. The hydrophone should be suit-
ably mounted for intended application.
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YOUR NAME IN LIGHTS

vee

o

. *
RB

Z.
é
Z
Z

m"na

*
SEE TEXT

73 AMATEUR RADIO TODAY Fig. 52-17

This circuit will enable you to put a name or callsign in lights using seven-segment LEDs. The
display will spell the desired name out sequentially. Select the correct type of LED. Solder the cor-
rect leads together to form the letters you want. After mounting the appropriate current-limiting re-
sistor, the 7445 can only sink 80 mA, so a PNP transistor is needed to handle the current required to
light the letters. The heart of the eircuit is a 555 oscillator into a 7490 decade counter, which is de-
coded by a 7445 open-collector driver chip.

UNDERWATER MICROPHONE

R5 +9V
10K
€ WA
C3 R4
n3 ¢ b 47K SPKR1
2KE G2 N 19}
0 L C5
: L} 33 +
= 2 7
MiC1 —1 W
+ 3 § raaszem | 6 I
4 5 o7
220 L c8
R2 £ 7 220
SHIELDED 1009 :
CABLE ¥
+ o Al L Cd
cs L
9T 270pF 1 T
AN
ELECTRONIC HOBBYISTS HANDBOOK Fig. 52-18

This circuit uses a TBA820 audio IC to amplify underwater sounds. The microphone must be wa-
terproofed. This project was originally used in a home aguarium to monitor fish sounds.
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PULSE ECHO DRIVER

High valtage
T \
—
i

recsive
R circaitry

—>

ELECTRONIC DESIGN Fig. 52-19

This pulse-echo driver uses the OPA2662 dual operational transconductance amplifier (OTA)
from Burr-Brown (the receive circuitry isn't shown). The OTA is preferable over an op amp for driv-
ing low impedances because it provides a current outpul rather than a voltage output.

Ultrasonic pulse-echo applications often incorporate a transformer-coupled crystal to oblain a
high-voltage pulse because the echo can be orders of magnitude smaller in amplitude. The trans-
former turns ratio also provides tuning at the resonant frequency of the crystal, which usually means
a rclatively low-impedance primary winding.

An eperational transconductance amplifier {OTA) is preferred over an op amp to drive such a
low impedance. One particular application involves a pulse-echo driver circuit using the OPA2662,
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SIMPLE PSEUDORANDOM VOLTAGE SOURCE

+9V

R1 ?

R2

R3 R4 R5 R6

ICY 1
1 8 11
Ei\_'w 4
4 -2 14
o

1C2
Bl

Cuiput

I3
T

8 »
4
/;7 IC1—IC4 LM3909 LED flasher/oscillator .
IC5 CD4066 quad bilateral switch
C1 100 pF 6 V electrolytic capacitor
—s 2 _ c2 220 pF 6 V selectrolytic capacitar
—:]: C3 330 pF 6 V electrolytic capacitor
IC4 ‘[;: " c4 470 uF 6 V electrolytic capacitor
8. C5 0.01 p.F capacitor
4 - R1 33 k(2 Vs W 5% resistor
R2 10 ki) Vs W 5% resistor
/)7 R3R8 47 ki s W 5% resistor
R4 68 kil /4 W 5% resistor
R5 100 ki) 14 W 5% resistor
- R6 220 k() /s W 5% resistor
R7 1 MQ V4 W 5% resistor
McGRAW-HILL Fig. 52-20

An approximation to a pseudorandorn voltage is produced by combining the outputs of four low-
frequency oscillators with 0.3, 0.6, 0.9, and 1.4 Hz frequencies. The summing network is a quad bi-
lateral switch and resistor network.
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TV HORIZONTAL DEFLECTION CIRCUIT

+30v +140V
I o Focus < Hy [ _, 25kVio
J.z :'r?), 0.0056 L tripler picture tube
T4 | F .
22 k.QI lm
4 trans [1000
' s
0.01 yF 1:Q o
+220V
From
horizontal L __J
oscillator 1000 pF I 1.5 uF
1
Pincushion correction
circuitry
McGRAW-HILL Fig. 52-21

The circuit illustrates the method of using two SCR devices in a TV horizontal deflection application. This circuit was widely
used by certain TV manufacturers as an alternate to the vacuum tube or transistor deflection circuit,




MUTING CIRCUIT

Voo

' Notes :
Vo t cc Q1, Q2 should be matched ;
.gu uf Q3 is not eritical .
R,
Ry V. low, UUT L
CTRL Vi R,

Verge, high, %’L -0,
Vourpe — constant.

-ELECTRONIC DESIGN Fig. 52-22

The circuit operates as follows: The signal is input to V,, and a dc control voltage is applied to V.

Vs determines the desired bias point current. Assuming Lhe foliowing component and voltage Valueb

V., =7.6Vde

Viias = 1 Vde

V., =1Vp-p, ac signal centered about 3.8 Vdc bias
R, =2kQ

Ry =200kQ

R, =2kQ

K1

Q3 bias current is 1 mA, and dc output voltage is about 5.8 V with an ac gain of about -1, Q1 and Q2
form a current switch and Q3 acts as a constant current source.

For unmuted operation, V, = 0 Vdc, and all of the bias current flows through Q1. Consequently,
the circuit operates as a normal common emitter stage, with ac gain = -R,/R,,,. When V=5 Vdc, all
of the bias current flows through Q2, reducing the signal gain to zero. However bhecause the same dc
current flows through R, in both cases (unumuted and muted), the bias point at the output remains
fixed. The C /R, network is required 1o bypass the Q3 current source (which is a high impedance)
to achieve a low ac impedance at the emitter of the Q1 common emitter stage during unmuted oper-
ation. C_ is chosen to be a short circuit at signal frequencies of interest. The circuit works best if the
Q1 and QZ pair is matched. Typical change in the output de voltage from unmuted to muted condi-
tion is <5 mVdc.

Ry, Ry, and ¥, are chosen for desired de operating conditions and signal dynamic range. Vi,
can be generated via a V_ voltage divider. The signal at V,, can be ac coupled, but a bias circuit must
be added to Q1% base to generate adc component. R, is c,hosen for desired ac gain. V, must be cen-
tered about a de component, and, to assure proper switching action, V., £, must be }ugher than V
by an amount greater than one V; drop.
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Cantranics printer port

SIMPLE REMOTE GAIN CONTROL

Y

[ :
LOSTE o

L DT oL
| DATAZ

Busy [

sier M, |

3!
GND Dzuﬂr
- ) L.

1
1
]
I
1
1
1

Signals:
: i3
1 _ 151686 {Data 2}
e & wd me oy Ve
AAA 4 up
50k T L (Datat)
LOW W HIGH .
Rz LY
= 3 (5TB)
By 2.7 1k
0k 8 —W
s 3 L35t mm
g
-5Y Ve |2
B B1F'+- 13 _J—fpzczF
22 P~ 4 2 pl
ICLT660

1)

GND

KX

f

U]

le—— TIL> 580 ns

]

REMOTE CONTROL OF GAIN using a digital audic resistor is possible with this circuit scheme {a). It requires only three IGs and
a singte 5-V supply to provide-gain control via a FC printer port. The input signals to U1 from the printer port are given {b).

ELECTRONIC DESIGN

then would pass values for X (wiper direction) and C (number of increments).

100
120
200
210
220
300
310
320
330
340
380
360
a0

REM LPGAIN.BAS
REM GAIN CONTROL

FROM PC PRINTER PORT

OPEN “LPT1;” FOR OUTEUT AS #1
INPUT “GAIN UPF OR DOWN (1/0): ”; X
IF X<0 OR X»>1 THEN GOTC 210

REM

INPOT “NUMBER OF CQUNTS: “; C
REM SUBRCUTINE WOULD START HERE

PRINT #1,
Cc=c-1:
PRINT #1,
GOTO 210
RETURN

CHR¥ (X} ;
IF C»0 THEN GOTO 330
CHES (3)

Fig. 52-23

The listing is a test program that demonstrates circuit operation using an IBM-compatible PC. To
form a subroutine for a main program, use lines 330 to 380, deleting line 360, The- calling program
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LOOP OSCILLATOR ELIMINATOR

-52Vo

A
Q Clock
Comparator | 10#Par+5V
>
B [DB,, LE
Digital time
converter
AD96685 1717 AD9500
Rs T R REF
508 Tp
1 o35 e
—-5.2V v1|;_—mH7
45" 4 ~/4
S 1 '
-1 0 . 50 100
(1R) ol
ELECTRONIC DESIGN Fig. 52-24

This circuit uses negative feedback to a digital-Lo-time converter, and can supply a current-con-
trolled delay to replace the oscillator in a phase-locked loop that handles input frequencies from 40

kHz to 40 MHz.
A current sourced into the inverting input of the op-amp integrator’s summing node can phase

shift the pulses at F in relation to those at E by up to 180°.

385



1-A VOLTAGE FOLLOWER

INPUT
QUTPUT

YSolid tantafum.

-15v
NATIONAL SEMICONDUCTOR Fig. 52-25
This power voltage follower is good to 300 kHz.
ELECTRONIC FISH LURE
SULF
1.3V 25v
AAAI2]) ELEC.
I—/ e Ul [ -
E (P EARPHDNTEDRFROM
TRANEIS
%.Q“EP23° L "E (NOT USED) Rapio
25008 20000
POT T
ke SQuF
[~ 25v
ELEC.
Fig. 52-26

73 AMATEUR RADIO TODAY

The click-click sound lures fish to the vicinity, where your bait or lure can do the rest. The trans-
former is a subminiature type with a 500-Q, center-tapped primary and a 3.2-Q secendary. Put the
circuit in a watertight container and lower it into the water.
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HEARTBEAT TRANSDUCER

+3V
1E R2
1: i < 1K
< 1500
. -
-EMITTED ;'\ REFLECTED
IR AN IR
\ , \
) A
Y / !
- ‘.l. ! *
LED1 » QUTPUT
SYIRBAL
| > oees )
O
R LED PHOTOTRANSISTOR
POPULAR ELECTRONICS Fig. 52-27

A simple heart-beat transducer can be made from an infrared LED and an infrared phototran-
sistor. It works because skin acts as a reflective surface for infrared light. The IR reflectivity of one’s
skin depends on the density of blood in it. Blood density rises and falls with the purnping action of
the heart. So the intensity of infrared reflected by the skin (and thus transmitted to the phototran-
sistor) rises and falls with each heartbeat.

CONTACT DEBOUNCER

ELECTRONICS NOW Fig. 52-28

A contact debouncer using a Schmitt trigger, such as a TTL7414, provides a “clean” pulse from a
switch contact closing.
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ELECTRONIC DESIGN

Positive feedback along with a series output resistor can provide a controlled output impedance
from an op-amp circuit. The circuit is useful when driving coaxial cables that must be terminated at
each end in their characteristic impedance, which-is often 50 ., Adding a 50-Q series resistor on the

POSITIVE FEEDBACK CABLE TERMINATOR

rﬂs:ﬂ
R R

1k

ADC12667

High speed
12-hit

ADC

Ry, Ry Rg=1k
Rg=1.2k —
H5=5.1 -
Z|]=51

op amp’s output obviously reduces the available signal swing.

i o

(1to 10 kHz)

WILLIAM SHEETS

In this circuit, the CD)4046 is set up so that the V. operates at 10 to 100 kHz. The cutput pin (4)

x10 FREQUENCY MULTIPLIER

0.01 uF

14

3

CD4046 5

g 13
100 k&)
10
k{2
1 +

WF I

4 510,
g 1
o=
82
kO
= 1l Ji2ls
11 74C90 14 |
=10

2 3 o (7

O

is fed back to a +10 counter. When the input frequency is % the output, lockup will occur.
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JACOB'S LADDER

<

12" Electrodes

Caution spaced as shown
BA high VO"&QB
v ! [Tt
2" min.
120 Vac 120V
Old neon sign or oil
burner ignition transformer
WILLIAM SHEETS Fig. 52-31

A “Jacobs Ladder” can be made from an old neon sign or oil burner ignition transformer. A rat-
ing of 12 to 15 kV at 20 to 30 mA will be adequate. Make sure to mount the electrodes to a pair of in-
sulators, at least 2" apart, and bent and spaced, as shown. The ladder should be enclosed in a clesr
plastic housing to prevent accidental contact with the high voltage and to ensure a stable arc. Vent
holes should be placed top and hottom to allow gases to escape.

MASTER-SLAVE DEVICE ERROR CHECKER

Master communication Ry Slave communication
1
1
470 \
|
4-t0-20-mA adjustment R |
a:lk . Ut
: 1 7406 ™o
Cumruh’ ) [ 2 1 o
S U4A ' '
UCC 7406 : VEB U3A
| ) 1 7486
Siny 1 3
Error [ 1 i 2
54 . 7 Error/RXD
7486 &5& . U2
L L e
ELECTRONIC DESIGN Fig. 52-32

An error-check mechanism introduced into master and slave communication devices can indi-
cate mismatches when both the master and slave start sending data simultaneously. The error flag
goes high and indicates a mismatch in the data.

The master is the one that can interrupt the communication from a device at the other end and
force it 1o listen. It docs this forcing a low voltage level over the communication line by raising the
control line to a high level. This inhibits data flow over the lines frorm the slave device. As a result, the
slave turns into a listen mode (not a hardware feature, but rather incorporated in the software). The
slave device can transmit the data after communication from the master device ceases.
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GROUND LOOP PREVENTER

{nstrument 1 Instrument 2 Instrument 37
11 - o0 4_ o0 - -l Oty
D 3k 2k O D36 SF O 96 ST
Sowrca ol ~7 Source of Source af =
ground loop \ ground hop \ grourd loop
Resistors show
possible wire Q O 9
rasistance and
source of ground
loop veftages
instrument 1 instrument 2 Instrument 3 -
Oy o—4—0 J_ ottt
® gk R O 3k o ? e R
¥

ELECTRONICS NOW Fig. 52-33

Ground loops are caused by improper grounding. Ground-loop voltages can interfere with test
measurements because the voltages in a ground loop can be larger than the signals you're trying to
measure. To prevent ground loops, use two wire plugs Lo provide the line power to the test instru-
ments and a separate wire to bring the input, grounds of the instruments to a common ground.

DUAL TONE GENERATOR FOR AUDIO SERVICING

+9v

1000 Hz
500 Hz

9 A3 :b
w0 oa
R1 € + R4
e 3 1E K
1 n 13
It - 556
> > £ A5
T ey 554: ¥ sook
6 12
Lk o] o (@)
1
o = 3 |7 1 \},
cz C4
o~ | o 02
OULPUT bt

POPULAR ELECTRONICS Fig. 52-34
This dual-tone generator can insert a distinctive Lonein the audio section of a circuit under test,
That way, you can work your way back from the speaker, stage-by-stage, to locate a faulty section.
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DIODELESS PEAK-HOLD CIRCUIT

T-T" ?stzv
1] COW ' n \

1}

—i—

e

o

ELECTRONIC DESIGN

Fig. 52-35

The input pulse is fed into the sample-and-hold amplifier (an inexpensive AD582), as well as the
comparator U3. The SHAs output also is fed into the comparator. If the input pulse is higher in am-
plitude than the SHA's output, thc comparator output goes low and the 4538 one-shot produces a 10-
us pulse that is fed back to cause the SHA to sample and then hold the voltage. Subsequent input

voltages that are less than the held value won't cause the one-shot to fire again.

Gates U4A and 4B are used to inhibit the sampling when necessary. Gates U4C and U4D, at the
one-shot’s output, can force the AD 582 into the sample mode. This feature is useful to reset the output.
to zero by forcing a sample when the input to the AD582 is zero. The polarity of the peak-hold ecircuit
can be easily changed from positive-lo-negative peak hold by reversing the inputs of the comparator.
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53

Mixer Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the hox of each circuit correlates to the entry in the Sources section.

Simple Audio Mixer
Op-Amp Audio Mixer

392



SIMPLE AUDIO MIXER

+12v
33 ki)
1
33 kit
2
33 k2
Inputs 3
33 k0
4
33 k)
5
WILLIAM SHEETS Fig. 53-1

A single transistor is used as an audio mixer, the transistor serving as a feedback amplifier.

OP-AMP AUDIO MIXER

A

F
1 M{ (10X)
100 ki) (1X)
100 k(2
eV
= 10 uF
, 100 k(2 M
O AAN _._.,H H
— >—~ E—O Cutput
Inputs - T
100 ki 10 wF
3(o—"NA— 1
100k
4 (}—-—/\/\/\/— r +12V
= 101 100
wF k)
WILLIAM SHEETS Fig. 53-2

This circuit will mix several audio signals to a common output. R, can be made 1 MQ for 10 x (20
dB) or 100 kQ for unity gain.
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54
Model and Hobby Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Model Railroad Crossing Flasher
Model Railroad Track Control Signal
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MODEL RAILROAD CROSSING FLASHER

12v
AAA 8 14
Yy 10 12
At s < o
1K 13
Ut B o A3 ¢
cD4093 - <
CD4093 47061 3
I /5
et A G: /:ED1
6.8 100 LEDZ
®
N
R4 5
100K ’ RS — 4
2| ™ —— 5™
D1 71 uie
Ul-a 1N4148 CD4063
CD4093
/4 RE ::-4-
A gy 100KT o
TiLa14 ~ e T,OO‘:
POPULAR ELECTRONICS Fig. 53-1

Gate Ul-cis set up as an oscillator whose frequency is determined by C1 and R1. Gates UU1-b and
Ul-d are set up as an RS flip-flop that is gated on by Ul-a. Gate U1-a in conjunction with Q1 operates
as the control gate for the flip-flop. Components D1, C2, and IRb act as a delay circuit to compensate
for any light getting through the gaps between cars as they pass over the phololransistors. The light-
emitting diodes are connected so that they operale aliernately, depending on the outputs of UU1-d
and Ul-b.

Basically, R6 is adjusted so that ambient room-light striking Q1 (and any other phototransistors
connected in series) keeps the output of Ul-a at pin 3 low. When a car passes over the phototransis-
tor, which is installed between ties in the track, pin 3 goes high, allowing a high to be placed on pins
5 and 13. That allows the high eutput of Ul-c at pin 10 to enable pin 12, which in turn allows pin 11
to go low. That makes a complete path for LED2 to operate. When pin 10 goes low, pin 11 goes high.
That. makes pin 5 high, and thus, enables pin 4 to go low and completes the circuit for LED1. That al-
ternates the LEDs, which are installed in a railroad-crossing signal.
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MODEL RAILROAD TRACK CONTROL SIGNAL

Al
TRACK
RED SIGNAL

R1 & 1K

ST =

REED
SWITCH
IN TRACK
RED-LAMP ON TIME (SECONDS)
R1 (KILOHMS)Y C1=10uF | C1=100pF
100 2 16
220 3 32
470 6 70
1000 B 175
POPULAR ELECTRONICS Fig. 54-2

When a train passes S1 (a red switch), a small magnet glued to the underside operates 51 and
causes 171 to'generate a pulse, activating relay K1 and changing the signal from green to red. After a
time determined by R1 and C1 {see table), the relay de-energizes and the signal goes back to green.
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95

Modulator Circuits

Thc sources of the following circuits are contained in the Sources section, which begins on page
707. 'Fhe ligure number in the box of each circuit correlates to the entry in the Sources section.

Varactorless HF Modulator

Modulator for Video

Digital Pulse-Width Modulation Circuit
Four-Quadrant Multiplier as DSB Modulator
Pulse-Width Modulator

Linear {AM) Amplitude Modulator

Video Modulator Hookup
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VARACTORLESS HF MODULATOR
Higg QV)

25H 05 RF
autput

—o

[

F

Vmod
Modulation inpul

ELECTROCNIC DESIGN Fig. 55-1

Traditionally, high-frequency oscillators are frequency-modulated by using a varactor. However,
varactors usually require a large veltage change to achieve a reasonable capacitance change—a prob-
lem in many battery-powered systems.

Such a problem can be overcome by employing base-charging capacitance modulation. Resistor
R1 establishes Q1's current, and R2 allows control of the collector bias current by de. The trans-
mission line (T1) in the negative resistance-type oscillator determines the frequency of oscillation.
T1-is a high-quality, low-loss, ceramic coaxial shorted quarter-wave.transmission line. Under proper
terminal impedances, a negative resistance is “seen” at Q1's base. T1 reacts with this negative resis-
tance to produce sustained oscillations.

Frequency modulation is accomplished by changing Q1’s collector bias current and thus chang-
ing Q1’s base-charging capacitance. This effect is “seen” at @1's base and causes a frequency shift in
the resonators quarter-wave node.
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0.0027 uf

MODULATOR FOR VIDEO
Sources: SAWFs

10 uf (
[‘

1 uf
k 0Kq

Yy g

2400

AUDIQ Yeo
YIOEQ FM SOUND
CLAWP OSCILLATOR

GROUND Yoo

VIDED
4 INPUT
RE.
OSCILLATOR

oD
CH 4 DEPTH
CH 3 CH 3 RF,
RF.
OSCLLATOR
CH 3 CH 4 RF.

Crystal Technology, Inc,
1035 E. Meadow Circle
Palo Alto, CA 94303
Kyocera International, Inc.
8611 Balboa Ave.
San Diego, CA 92123
MuRata Corp. of America
1148 Franklin Rd. S.E.
Mariatta, GA 30067
CRYSTALS
Sargnix

4010 Transport at San Antonio Rd.

Palo Alto, CA 94303
COILS

Toko America, Inc.
5520 W. Touhy Ave.
Skokie, lll. 80077

55 pfF

I

23 uH

6.1 uf

AAN

NATIONAL SEMICONDUCTOR

VY

1000

This circuit uses an LM2889 and a saw filter for use as a TV modulator.

Fig. §5-2
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DIGITAL PULSE-WIDTH MODULATION CIRCUIT

+5V
c2 A1 ca
1 +5Y +5V +5Y +5V 0.0¥pF | 10K 10pF
0.01 yF i —
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R 7490 1 1 7490 12 1 7490 2 1 7490 2 5 Mo?og;me
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2| 3| sl 7[10 2 3| 8 7|10 2[ 3 & 7|10 2| 3| 6.] 7[1o 3I 4‘ 7
IC8 = = = = =
7402 ‘
Quad +5V +5v +5V
NOR Gate C5 R2 C3 6 1C15
0.01 pF 10K 10pF 0.01 yF 7404 7406
-. — L L5y Hex Qpen
I 4 114_10 14 1!13]11 10]4 L "3 inverter Collector
[ 5 . = nverter
10 5 542 L 1% 74 12
Monostable O Flio-Fi
Multivibrator 2 icg 16 p-Flop
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Hex Imrerter 1 3 1
= 7402
H_/ NCR Gate
+5V 5V +5 Y IC15
a4
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Fig. 55-3



DIGITAL PULSE-WIDTH MODULATION CIRCUIT (Cont.)

This circuit incorporates low-power Schottky transistor/transistor-logic (TTL} devices in critical
high-speed parts. The 5-MHz clock signal is converted to a 1-MHz signal by a 7490 decade counter
configured to divide by 5. The 1-MHz signal i sent, via a clock synchronizer, to a three-stage binary
divider that consists of three cascaded 74LS161 binary dividers. The synchronizer consists of a
741874 D flip-flop, a 7404 inverter gatc, and a 7402 NOR gate. The dividers are programmed from the
STD bus by means of three 7475 quad latches; this makes it possible to program the frequency divi-
sion from 1 to 4096 (12 bits).

The 1-MHz signal is also divided by 1000 by use of three cascaded 7490 decade counters, each
configured to divide by 10; this provides a 1-kHz signal, which is sent to a 54121 monostable multivi-
brator configured Lo provide a 0.1-gs pulse, hombarded with an ion beam source in preparation for
the materials about to be deposited. While the surface is bombarded with an ion beam, an electron
heam source is activated so that a layer of fused silica is vapor-deposited to a total desired thickness
value (typically, 1 micron or 10,000 fi). The layer of fused silica serves as a surface stahilization layer
for the next step.

A metal mask with an aperture in the specified pattern of the sensor film is placed on the surface
at the specified sensor location. The surface area exposed through the mask is cleaned by ion-beam
hombardment for a predetermined time. Then as the bembardment continues, a metal (typically,
nickel, platinum, and/or palladium) is vapor-deposited through the mask from the electron-beam
source to form the sensor film. Deposition is continiled until the thickness of the filin reaches the value
specified in the particular sensor design. A representative value for a nickel sensor film is 2500 A

Next, a pattern for thin film leads is defined by taping directly on the surface of the model with
Kapton (or equivalent) polyimide tape. The thin film leads are fabricated by a combination of ion-
beam bombardment and electron-beam vapor deposition like that used to deposit the sensor film.
"T'he metal vapor deposited in this step is typically copper, gold, or aluminum. A typical thickness for
copper leads on the nickel sensor film is about 10,000 A
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FOUR-QUADRANT MULTIPLIER AS DSB MODULATOR

Modulation Gain vs Control Voltage
1.0 T 7T
1 LF1258 14 08 3s=z5v |
a — g = 2.5V
1%}( - 2 b 2 13 0.6
MODULATION W CONTROL 04
M 3 12
GARRIER I 1 ond et g
[ATTLE- 317 =4t T :l:er Shp E ’
5 ‘Ek. ‘5.5(‘ 10 215k 15 o-02
= I VA W 'i"' 04
[ T 8 9 0§
ok, | 8 oY)
- !
-1.0
2avpe Your ’ %ZMHOE-SULTAG‘EENMM “
INPUT 2 4
0. pf
:L-_ “TRIM FOR SYMMETRY
LINEAR TECHNOLOGY Fig. 55-4
PULSE-WIDTH MODULATOR
V]H - AMA FYYy
ﬁv’ - a;v ‘é‘é‘
100K 100K
+V oVour
RS
AT o]
u1 Ay
¢t L
A7 174
L1117 W0 R,
160K
< A3 4 M
b D2 A& goy
T 000 s
1d
L. Ll -
POPULAR ELECTRONICS Fig. 55-5
LINEAR (AM} AMPLITUDE MODULATOR
— X Wy
MODULATION
INPUT ]y,
+Em ADB34
ouTPUT Eout This is a very simple amplitude modulator. It
o - I makes use of the Z2 terminal to add the carrier
: B EQ B0 gt L p e et directly to the output, thus-bypassing the rulti-
2z " “ . . .
CARRIER tNPUT e ° ] plier for zero modulation input. It has the advan-
¥, out = {1+ En/10) Eg sin wet A A i K
Ec wn cagt tage of allowing operation from a differential
I Vs modulation input.
ANALOG DEVICES Fig. 55-6
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VIDEO MODULATOR HOOKUP

Can be part
of modulator
RF out
+
n 10 uF udio "_l CH3 or CH4
T 1ev in . =
- ASTEC
J_Cai UM1683D 8:; Freq.
= modulator select
Video 10
in k)

Video o_‘ %

in j>_ 470 nF o +8to gV
16V
4
B 10110.01

iJ-F’_I_‘ I:‘ wF

WILLIAM SHEETS

Fig. 55-7

This ecircuit uses an ASTEC UM1683D, but it is typical of many RF video modulators used in

VCRs and satellite receivers.
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56

Morse Code Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figurc number in the box of each circuit correlates to the entry in the Sources section.

Active.CW Audio Filter

Morse Messenger

CW Identifier with Sine-Wave Audio Output
Simple Code Practice Oscillator
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ACTIVE CW AUDIO FILTER

¢l1d Awo Owt

R23
1 . FwF
EE e
Fig. 56-1

73 AMATEUR RADIO TODAY
The audio filter shown has a bandpass of 200 Hz centered on 700 Hz. Resistors are 1% tolerance and capacitors should be 5%

tolerance.




MORSE MESSENGER

B.04T,F Message
speaker  MSG2 MSG1  MSGO Na.
0 0 0 a
L] 0 Q 1 1
0 1 0 2
T h +E 0 1 1 a3
3 1 0 0 4
i 3:_‘ 1 0 1 5
1 1 1 0 6
2 = 1 ' 1 7
+5 -
i Sidetone
A TONE1  TONEO {Hz)
0 0 400
(N 0 1 525
o 1 0 850
1 1 775
' Speed
- SPD2 SPD1 SPDG  (WPM)

1} o [} 7
0 o] 1 10
o 1 D 15
Set up as shown, the chip will play message no. 0 1] 1 1 20
at 7 wards Esr minute, lowest sidetone frequehrﬁy 1 0 0 25
{400 Hz). LEDs indicate oscillator warmup (XMTR) 1 [ 1 39
and keying (KEY). 1 1 0 35
1 1 1 49

Simple hook-up diagram for the Morse Messenger chip. The table indicates the range of
messages, sidetones, and keying speeds. .

73 AMATEUR RADIO TODAY Fig. 56-2

This keyer uses a PIC16C54 micro-controller to generate a Morse code message. The microcon-
troller must be programmed to suit users call IC or desired message.
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MORSE MESSENGER (Cont:)

Power-on Reset?

" Power Down

Look up Encoded
Pattem in Table
Get Data from MSG, L ]
TONE & SPD Bits Store a Copy of Pattem
in i and Strip off Five

; Mosi-Significant Bits
Load Values for Tone
(aua:nf;(e: )dar’:lo?sp;eed 125 3 Cioar Bit 2 of Pattern [Make |

elements) sixth elernent a-dit (0)]

[ No

Set XMTR Bit and Wait JYes Leti=6
0.5 Seconds [Sixth element is a dah (1))

v No

Get Length of Selected Aotate Pattern Lett into
Message Carry Bit o
k) Yes
LetN=1 Send dah
No
Send dit
Y
Letl=11
N = Length?
Clear XMTR Bit and

Logic of the Morse Messenger’s program. This algerithm can be adapted to other devices with the
help of the Morse encoding table.
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CW IDENTIFIER WITH SINE-WAVE AUDIO QUTPUT

+8
+a U3 ;(dnrwlimm battery]
c ] ) TSLOSVO Ié > A OF‘::F
i\l N ; "
93’35‘3 oo | GAD c2 ooeauE AUDIO
&H 7y Towr T T 16F al €A CECE A1t < o QUTPUTTO
P} 7 aNp222 47 XMITTER
o 470k 4 —
- [ RO RD
REGULATED 4G G ATk
POWER SUPPLY
g ' o 2
AAA . ca
yv @ 0.1pF
2NZ2Z22
A5
5 12 ok
Rt s y
™ Programming jumpers:
7 Jumper to ground = 0
U1 3 Jumper to +5vdc = 1
b 5 TLCSSS
¥ 13 H +5
g1 X 3 O
22uF - 1 1
tantalum 1 O
| ¢
| ] o
——— 10
= F ©
—0
"REQUIRES PROGRAMMED o
PART FROM SOURCE IN
PARTS LIST

73 AMATEUR RADIO TODAY Fig. 56-3

This identifier can be used to drive a hidden transmitter in a radio “fox hunt” activity, where the object is to locate a hidden

transmitter.




SIMPLE CODE PRACTICE OSCILLATOR

+3-5V
SPKRY
i0n
] 5
U
LM3509
2 L4
b
{KEY SWITCH)
1 Rt
2 = 40
_N> J'A'A‘_
POPULAR ELECTRONICS Fig. 56-4

With only a minor circuit change, the basic LM3909 oscillator configuration can be turned into a
code-practice oscillator.
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57

Motor-Control Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Precise de Motor Speed Controller

Accurate Motor Speed Control

Motor Direction Control Using Discrete Transistors
Long Time-Delay Motor-Control Circuit

Full-Wave Speed Control for Motors

SCR Motor Speed Control

Triac Motor-Control Circuit

Low-Voltage dc Motor-Speed Controller

Motor Direction Control
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PRECISE dc MOTOR SPEED CONTROLLER

A
p1 D2 mator Lamp 2
4Tk 2B W
R17
St 605 4F
' { { D11
120v! | GEZAXL16())
w0~ ! [ 32V
o—o)/: vl ¥
Lamp-1 Cl4=
10w 100
4F
150V
GE
Z4
tD3 XL
18
Dd
Dy--Dyo Dyz & Dy3 = GEAI4B
Motor-driven aperture disc
Lamgp-1 Q— .- g@m
GE L9B
Light-activated SCR
McGRAW-HILL

A series de motor can be made to have the same characteristics as an ac synchronous motor using this circuit. This control

technigue is useful where a constant motor speed is needed.

Fig. 57-1




ACCURATE MOTOR SPEED CONTROL

©
GH

10-2h

L
<

8462

Siotod optical switeh — L Sloted cisk
o 7o)

G-t = TLI4
06 » 23055

2 ¥
3 ¥

§ LTES

N

i Lo ” - | n _-,I_JLI
(E=) ' -~ €1
[ﬂlﬂa‘L (A=1,B=20=8) |+{'=1,l=ﬂ=m__.+._ A=0=8)

This motor velocity profile is provided by the controller. Note the smooth acceleration and decelera-
tion profiles and the constant motor speed between the two ramps.

ELECTRONIC DESIGN Fig. 57-2

This circuit can control de motors used in machines that pull materials, such as wire, yarn, film, etc.,
from the supply rolls and rewind them onto smaller rolls. Its motor velocity profile is shown in the figure.

A lightweight disk with at.least 32 slots is mounted on the motor shaft. It works in a slotied op-
tical switch (MOC7811) to sense the motor speed. Phase comparator 2 {(PC-2} of the phase-locked
loop (IC-CD 4046B} compares the frequency (£} at the output of the VCO with the pulse rate {f, )
at the optical switch output. The PC-2 output drives the motor via the transistors when £ >, , and
removes the supply to the motor when f_ > f_. The drive system quickly reaches an equilibrium con-
dition when f_ =f.

Op amps IC-1a, 1b, and lc form a tracking inlegrator whose cutput always smoothly reaches and
remains at a voltage equal to the command voltage (£ ) presented at the inverting input of op-amp
IC-1a. When the digital control inputs are set-to (4 = 1, B = 0 = ), the integrator generates a posi-
tive slope ramp that sweeps the VCO frequency and, thus, accelerates the motor. The acceleration
rate and the constant speed V,;, can be adjusted by presets P4 and P1, respectively.

Similarly, when the inputs are set to (4 = 0 = C, B = 1), the integrator generates a negative slope
ramp that decelerales the motor. Prescts P5 and P2 can be adjusted to set the required deceleration
and the constant speed V] ,, respectively.
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MOTOR DIRECTION CONTROL USING DISCRETE TRANSISTORS

+12Vde
Rl
Forward Control 1 w 3kt - & 1 mRBZkﬂ
Forward | e o Q2
TiP41 TIP41 b
Off 0 z £

R3 R4

Reverse Control | 1103kR _~AS . 1103
R 1 T o
“’g’;o - \NW"»@ )TIPM T&I B

McGRAW-HILL Fig. 57-3

For best operation, mount the transistors on heatsinks. The transistors specified are fine for small
hobby motors, or up to about 6 volts de and between 800 and 1000 mA. M1 is a small hobby motor.

LONG TIME-DELAY MOTOR-CONTROL CIRCUIT

CD40860

or
74HCA4060

ELECTRONICS NOW Fig. 574

Circuit controls [orward and reverse motors, Every hour, one motor runs for 10 seconds.
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FULL-WAVE SPEED CONTROL FOR MOTORS
Field

L:—
Acrz cr3g £ '
T 2k CR6 GE Al4
y GE A45B 1w
sSCR
GE222B
L P1 CR1
5 kQ GE A14B
i W Armature
*cm CR5
GE Ad4B
McGRAW-HILL Fig. 57-5

A bridge rectifier provides pulsating dec to a universal motor, and the SCR is used as a phase-con-
trolled switch. This circuit allows smoother operation of the motor at low speeds.

SCR MOTOR SPEED CONTROL

) Vac /\ /\
4 Series
r R13400 feld 0 \/
CR1 SCR
VAC
117 volts p1 | GE DT2308 (A)
508 L ARM Motor
Ve v voltage
G
setting ol Motor /
voltage
(B) - Residual
induced
voltage
Slow 0 - — -
setting ‘\"’Vc IQaﬂ
©
McGRAW-HILL Fig. 57-6

An SCR is used in a phase-contrel type application to supply a variable pulsating de voltage to a
motor.
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TRIAC MOTOR-CONTROL CIRCUIT

3
0% 0

A

MeGRAW-HILL Fig. 57-7

An SCR-controlled ac motor control circuit. This is a full-wave circult and is best used when the
load remains constant.

LOW-VOLTAGE dc MOTOR-SPEED CONTROLLER

14 15 VMotor
e
16 4049
J il 12
1G1-¢
1/6 4048
g 10
Q
1c1-d
14049 | EN30SS
C1-C

1/6 4049

1G1-b
1/6 4049

IC1-a
1/6 4049 Y

D R1 b2 02k
IN9147T 1Meg {TIN914

ELECTRONICS NOW Fig. 57-8

This circuit varies the duty cycle, rather than the voltage. The two diodes control the positive
and negative halves of the capacitor’s charging cycle.
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MOTOR DIRECTION CONTROL

+12Vde

+12Vde

Io.x @ De

Forward 1
Reverse 0

Q1 through Q4
Channei Power MOSFET
(IRF-511 or Equiv.)

4011 d
4

.

i}

McGRAW-HILL Fig. 57-9

M1 is a small hobby dc motor.
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Multivibrator Circuits

e
1 he sources of the following circuits arc contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Astable Multivibrator with Starting Network
Bistable Multivibrator

Astable

Astable with Variable Pulse Width

One-Shol Multivibrator

Basic 565 Astable Multivibrator

Astable Multivibrator
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ASTABLE MULTIVIBRATOR WITH STARTING NETWORK

» » +3t0 +12V

IN4148

f=2 kHz

WILLIAM SHEETS Fig. 58-1

This eircuit will start with a slowly rising supply voltage waveform.

BISTABLE MULTIVIBRATOR

Positive feedback is provided by resistor R4,
which causes the latching. A positive pulse at the
“set” input causes the output to go high and a
“reset” positive pulse will return the output te es-

sentially 0 Vde.
NATIONAL SEMICONDUCTOR Fig. 58-2
ASTABLE
+5-18V
C2 -
A 3 . . .
"1'& At the instant that power is applied to the 555
‘;:;" s 17 [e astable, timing capacitor C1 is initially discharged,
X - causing the output of the chip output at pin 3 to be
o1 E 55 high. Once C1 has charged to about % of the supply
1814 TP | voltage, its output goes low, and the discharge
transistor turns on, draining the charge on C1.
_(|:1 = o
A JL_IL
POPULAR ELECTRONICS Fig. 58-3
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ASTABLE WITH VARIABLE PULSE WIDTH

+12V
3
2| o ® gt
“// 1 <
:: R3
T 4700
s (7 ]s
u
555
1123 |4
c1
A
A A'
Rz
- 100K 4
OUTPUT
POPULAR ELECTRONICS Fig. 58-4

This produces a positive variable width pulse
and has a symmetry control. R1 and R2 control
the pulse width and symmetry.

ONE-SHOT MULTIVIBRATOR

R3

Rd 4
MES ¥

—V
+V 1“‘5{&0

3’——]’
U2

'—)I——O‘[_l

174 LM139
12 co
=L 001
D2
IN914
POPULAR ELECTRONICS Fig. 58-5

An L.M139 section can be used as a one shot.

BASIC 555 ASTABLE MULTIVIBRATOR

ASTABLE MULTIVIBRATOR
+v
T
R1 > . —>+310 +12V
AAA
b 0.01 %
R2 7 4 B kit wF
6 Output G— ——=——C Qutput
+ 2 555 3 L 0.01
~T |.LF
ci I 1
5 1 = =
j'; c2 ,l’ The transistors are 2N3904
McGRAW-HILL Fig. 58-6
F=1la4 WILLIAM SHEETS Fig. 58-7
(R, =2R,)C,
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Noise Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Noise Generator

Dolby Noise-Reduction Circuit
Audio Noise-Based Voting Circuit
Adjustable Noise Clipper

Simple Noise Limiter

420



NOISE GENERATOR

15
NE X
NATIONAL SEMICONDUCTOR Fig. 59-1
This noise generator uses a Zener diode. The transistors are part of the LM389.
DOLBY NOISE-REDUCTION CIRCUIT
0.047 uF
1 uF| e 0.0035 pF L. .
1 -I— el =
g L AL L LT
| oowr 14 131 12 " 10 L]
FROM TAPE ‘g_: e
PREAU® OR Fu — LM1894 > POWLR AMPLIFIERS

RIGHT RIGHT

HPUT | 2 3 N 5 ' 7 QuTPUT
V‘

=
0.1 uf J
2 = i
TRl
11 &3
0.0033 yF-!V
*R1 + ARZ = 1 kil lotal
NATIONAL SEMICONDUCTOR Fig. 59-2
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AUDIO NOISE-BASED VOTING CIRCUIT

R
c4 100 & +12 Vv UdA
+ T;B 4053
1 uF CH A GAIN
_“ Yoo
25 v CA3240E ™ 12 v
2VP-P C5
+12 v 4 +
(? x 4|
7
" VEE 1 pF
25 v
Audio A RS ....li " Inh " /3
In v5s5 100 k
1k A
™o
l” =
+6 V Input Amplifisrs
e3 RZ
. 100k P2
2V P=P Noise Rectifiers
Q
Rid
J2 1M
Audio 8
In CAIZ40E
+H2 ¥
R13
47k
2
—'\M L
Uz»\ *~— @@
*
4
0.0047 RIS
BALANCE ok
§ R4
R17
10K u
1 R16 i
47k 6
vV 7
co
+12V  0.0047 :
COR A 10 COR A
N
12 v &
DISABLE ——O—J #12 V
R35
10 k
R36 1 COR B

COR B
N

QsT

The purpose of this circuit is the selection of the output of two receivers, tuned to the same
channel, that has the better signal to noise ratio. This circuit compares the two noise leads from the
receivers and selects the one with the lower audio nwise level,
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Power=3uppty
Filter

57
+12 Vinput R0
10

Jj’
47 uF CE
25V I

J3
RS Audic Out
1K to ™X
- EVIATION
+12 ¥ +2y
Substhution ¢ L
Cates omparators
uae R22 ™3 D:‘
20k
s 2 +12 v \k
n RV ,_i CAIZ40E R25
¥ 15 10k 47k
— 12V
2 cio + *
—_dw 8 47 uf - 8 Betler
25 V
10 DS3
+12 ¥ 7 Mernory Latch %SEL A
1“’: 12V
R20
1K +12 Vv
R28
U4C 220k
5
o
4 R29
z _Wv
3 10 k
b1 [
C -
s 47 uf +] A Better
25V 7]
77
R37 COR o GATE
a COR Out
2N2222
to TX
R38 Except ns indicated, decimol values of
capacitance are in microfareds { uf );
< 1o k resistonces are in ohms; k=1,000, M=1,000,000,

IC ping not shown ore unuzad.

Fig. 59-3
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ADJUSTABLE NOISE CLIPPER

, 1k} ,
Audio Audio
in © A% * + S s
3to10V
p-p L IN914§TZ IN914ZE i
lk—l
S VAVAY e
10 kQ
100 = ©PPING =409
pF T + wF

WILLIAM SHEETS Fig. 59-4
This circuit uses two diodes and is a peak-to-peak limiter. The capacitors charge up to a dc level
determined by the peak-to-peak audio signal and the. clipping control. A positive or negative peak or

spike is clipped if it exceeds this level plus the diode drops. The circuit should he aoperated at several
volts level for best results.

SIMPLE NOISE LIMITER

51V
zener

+9V

1V RMS Input . Noise limited
Clipping AVAVAY 1 /\/\/\/Toclipped output

level 0.47 nF 0.0033
[+ S

H F ON3565 =
0.47 uF ’\1
10 )
k(2
Fig. 59-5

This circuit uses a symmetrical limiter obtained by bhiasing a transistor to a € point that is half of
the supply voltage and driving it into saturation and cutoff, An input of 1 to 2 V RMS is sufficient. This
output will be approximately 4 V p-p into a high-impedance load.

WILLIAM SHEETS
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Operational Ampilifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Basic Op-Amp Circuits

Op Amps with Long RC Time Constants
Op-Amp Offset Null

Basic Op-Amp Audio Amplifier

Input Guarding for HI-Z Op Amps
Enhanced Op-Amp Balanced Amplifier
Paralleled Power Op Amps
Single-Supply Op-Amp Applications
Current Regulator Op Amp

Op-Amp Resistance-Multiplication Circuit
Pseudoground
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BASIC OP-AMP CIRCUITS

*SEE TEXT

RADIO-ELECTRONICS Fig. 60-1

The two simplest op-amp configurations are the inverting (A) and the noninverting (B). Resis-
tor R3 is needed only if C1 is used in the noninverting circuit.

OP AMPS WITH LONG RC TIME CONSTANTS

INFUT

R1G
T R—3[R2 + An

R1 + A3
- R3

lg A2 + vgg)
NATIONAL SEMICONDUCTOR Fig. 60-2

This circuit multiplies RC time constant to 1000 seconds and provides low cutput impedance.
Cost is lowered because of reduced resistor and capacitor values,
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OP-AMP QFFSET NULL

Rr2
AAA
ey
R1
IN O———AMA- “_\
A 10082 u1 o ouT
‘v‘v‘v /
J_ R3 <
= 100K 2

50K

R3 4
100K «

vy

R1

WA -
B _L U1

INO—— ¢

————0 0UT

RADIO-ELECTRONICS Fig. 60-3

Offset problems can oceur in the best of circuits (and often do) without regard to whether the
circuit is inverting (A), or noninverting (B). Offset-nulling potentiometers are useful in correcting
the output to zero, but their effectiveness will vary under different conditions.

BASIC OP-AMP AUDIO AMPLIFIER

R2
10K

AAM
b d ol

C1 R1
0 o0

wy

ouT

RADIO-ELECTRONICS Fig. 60-4

Any general-purpose op amp can be used.in this application.
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INPUT GUARDING FOR HI-Z OP AMPS

LA Rz
INPUT _WI—1’_'_"W0—_
2

£
-

S & oureut
)
-

BALANCE
R3 -
Ve

ouTPLT 7 I
a. Inverting amplifier \ .

5

camPENsATION

b= OUTPUT v-

INPUT

b. follower
Bottom view
RZ
AAA . '
vy Input guarding can drastically reduce surface
feakage. Layout for mefal can is shown here.
':3‘ 2 Guarding both sides of board is required. Bulk
hdhdhd - leakage reduction is less and depends on
% guard ring width.
1 w1 — aureut .
» 3
< +
>
i
- INPUT

¢. non-inverting amplifier

Input guarding for various op amp connections, The guard
should be connected 1o a point at the same potential as
the inpuls with a low enough impedance to absorb board
leakage without introducing excessive offset.

NATIONAL SEMICONDUCTOR Fig. 60-5
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ENHANCED OP-AMP BALANCED AMPLIFIER

Ry 150
Ry 150
~Input | > A i\ >
+Input 1+ :] Outpu
fig 150
f Given: Gain= A

150 R4 = Ry = Convenfent value
(>10X ihe source impedance)
Rz a H4 =4x R1

Rg 450

laput
_ —— | output
+Input
Rg Given: Gain = A, degired input impedance = 7
150 Ri=0.5x2x{N{A+1)+1}
Rz =Ax Ry
Ry=0.5xZx AfA+1)
— R3al5xZ-Ry
ELECTRONIC DESIGN Flg. 60-6

The classic single op-amp balanced circuit works well in low-source-impedance. configurations,
but tends to struggle in higher-source-impedance applications because of the varying input imped-
ance of the inputs referred to ground.

A modified version of the classic op-amp configuration of the figure uses a different set of for-
mulasto determine the resistor values. It equalizes the impedance of both inputs by considering the
op amp’s active participation.

PARALLELED-POWER OP AMPS

IN
R1 -
Th «

NATIONAL SEMICONDUCTOR Fig. 60-7

ry

Two power op amps can be paralleled using this master/slave arrangement, but high-frequency
performance suffers,
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SINGLE-SUPPLY OP-AMP APPLICATIONS

Ve

AAA

ER3
b 47K R2

AAA

R1

C2
N o—} AV

FrYe
Y

™~ &3
v >—e—J—ocour
/

> Rd RS
c1 < 1K £
toTosn| $K =
A
A
V4
1
R1 & AAMA
100K $ B2
ci
Al
o W ™ c3
= Ut —j——oour
mno—H} ‘,;.;. +
c2 $na 1% 1
$ 100K =
8

RADIO-ELECTRONICS Fig. 60-8

An op amp that normally needs two supplies can be used when only a single supply is needed.
The value of V+ should be twice the minimum allowable values of the positive and negative voltages
normally needed. For example, a 12-V single-supply application would require an op amp capable of

+6-V operation.

CURRENT REGULATOR OP AMP

+
.
1 o (A2 + B3 Vae
L out CIGE)
< <
> 4
q’ﬂz < A3

NATIONAL SEMICONDUCTOR Fig. 60-9
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OP-AMP RESISTANCE MULTIPLICATION CIRCUIT

L+ R #
100 9Bk
% %

NATIONAL SEMICONDUCTOR Fig. 60-10

Equivalent feedback resistance is 10 G, but-only standard resistors are used. Even though the
offset voltage is multiplied by 100, output offset is actually reduced because error is dependent on
offset current, rather than bias current. Voltage on summing junction is less than 5 mV.

PSEUDOGROUND
+5VY
11 = AD780 OR REF-43
i
o= > 2.5V QUTPUT
10,F +2.
¥ F——0 125V oR 3.0V
— W/AD780}
r
I
I _ ‘_=+c2
fok | + 10uF
100F T ?Sn:ies:n a4
i
‘O:Eg?;o'; I FOR 3V QUTPUT
| R
L&
ANALOG DEVICES Fig. 60-11

For op-amp circuits, a “pscudo ground” is often needed; a voitage reference IC can be used. The
Analog Devices AD780 is used here for this application. This can sink or source current.
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61

Oscillators (Audio)

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

432

EBasily Tuned Sine-Wave Oscillator
Quad Tone Cscillator

One-Transistor Phase-Shift Oscillator
Basic LM3909 Audio Oscillator
Low-Distortion Sine-Wave Oscillator
Low-Frequency Astable

TTI-Based Audio Oscillator

Variable Duty Gycle from Astable
Simple Variable-Frequency Oscillator
Wien-Bridge Oscillator [

Wien-Bridge Oscillator 11

Logic-Gate Sine-Wave Oscillator



EASILY TUNED SINE-WAVE OSCILLATOR

A A A
e
A1 Az
330K 0K
c1! cat
A4
50 t4
MuF
RI*
"
2
— +
RS
2 10M SQUARE
?— = QUTPUT
LMIDIA 2 tC1=Cz2
3 'Y o5 1 Frequency Adjust
v 033 puf * Ampitude Adjust
Rl 1 1
o SINE " o R
— ._' outPUT -8
) D2 A5
150 pF RLL ALY M
TABLE |
CiC Min Max
12 Frequency Frequency
0.47 pF 18 Hz 80 H2
0.1 pF 80 Hz 380 Hz
.022 pF 380 Hz 1.7 kMHz
0047 pF 1.7 kHz 8 kHz
002 pF 4.4 kHz 20 kHz

NATIONAL SEMICONDUCTOR Fig. 61-1

The circuit will provide both a sine- and square-wave output for frequencies from below 20 Hz to
above 20 kHz. The frequency of oscillation is easily tuned by varying a single resistor. This is a con-
siderable advantage over Wien bridge circuits, where two elements must be tuned simultaneously to
change frequency. Also, the output amplitude is relatively stable when the frequency is changed.

An operational amplifier is used as a tuned circuit, driven by square wave from a voltage com-
parator. Frequency is controlled by R1, R2, C1, C2, and R3, with R3 used for tuning. Tuning the filter
does not affect its gain or bandwidth, so the output amplitude does not change with frequency. A
cornparator is fed with the sine-wave output to obtain a square wave. The square wave is then fed
back to the input of the tuned circuit to cause oscillation, Zener diode, D1, stabilizes the amplitude
of the square wave fed back to the filter input. Starting is ensured by R6 and Ch, which provide de
negativefeedback around the comparator. This keeps the comparator in the active region.
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QUAD TONE OSCILLATOR

0.01 pF
L -
L
1pF 1 uF
+ +
290 '—-I HOSC. A b—% (——<Osc. C
Q 51 51
k2 k()
100 0 100
approx. {
+12V B.8ki}
100
£
51
k2
| HOSC. B p- HOSC. D
1 F :

\
0.01 uF

WILLIAM SHEETS Fig. 61-2

A quad op amp (TLO84, ete.) can be used to produce four audio tone generators for use in a test
setup. The circuit uses a 12-V supply.
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ONE-TRANSISTCR PHASE-SHIFT OSCILLATOR

* »>+12V
100 22 22
k(2 ki ket Values shown for
‘ 630 Hz (approx)
l

0. 0047 0. 0047 0. 0047 1uF
KL 3Y
+ E
q‘ssss
Adjust for
best waveform
27 1
k2 k) 100
fo 1 LI wF
= o~ 211\@ RC = -
WILLIAM SHEETS Fig. 61-3

A single transistor is used as an active element in an RC phase shift oscillator.

BASIC LM3909 AUDIO OSCILLATOR

+v
=}
l R1
NC NG
= | | R2
C
B 7 6 5
LM 3909 Speaker
1 2 3 4
I |
NC NC
McGRAW-HILL Fig. 61-4

The LM3909's oscillator frequency can be fine-tuned by adding a resistor to a basic circuit.
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LOW-DISTORTION SINE-WAVE OSCILLATOR

4
fwal
R4
50
mll
1K
§
LMIDIA auTRUT
TC1l w2 .
** Frequency Adjust 3 . A
* Clipping Level Adjust an f
1 200K
Fo = 2xCy ]ﬁ; Ry
b-l [k
=}
150 5F INHS
NATIONAL SEMICONDUCTOR Fig. 61-5

Cl,C2 Min. Frequency Max. Frequency

0.47 uF 18 Hz 80 Hz
0.1 uF 80 Hz 380 Hz
0.022 uF 380 Hz 1.7 kHz
0.0047 uF 1.7 kilz 8 kIlz
0.002 puF 4.4 kHz 20 kHz
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LOW-FREQUENCY ASTABLE

* » » +31t0 +12V

R2 20
22 k6
ML)
p»——0 QOulput 0.15 Hz
[
T=07(RAC, + R.C
2N3904 (FrCi + Rz
C1 =
| {
-+

C1and C2 = 2.2 pF tantalum

WILLIAM SHEETS Flg. 61-6

By using a high-gain low-current {ransistor, such as the 2N3565, a pair of Darlington-connected
transistors (2N3565 and 2N3904) can be 1used in a high-impedance configuration.

TTL-BASED AUDIO OSCILLATOR

QUTPUT

POPULAR ELECTRONICS Fig. 61-7

Half a 7404 will produce a tone around 1000 Hz with this circuit.

437



VARIABLE DUTY CYCLE FROM ASTABLE

& P & &> L.

2R, 2R, ’ 2R, 2R,

R; A =22k}
Ra = 100 ki)
Ri a
. R2 . Ry = 18kQ = A,
Cy= 0.0t pF = C,
2N3904 2 K2§f.904
= ’t =

WILLIAM SHEETS Fig. 61-8
IR =R,=R;and C, =C,=C,
If potentiometer R3 is set at N% of rotation, then
Tiran = 07T (R + NEJC +[R + (1 - N)R.C|
Trora = 1.4 (B + R)C and the duty cycle can be varicd without changing frequency.

SIMPLE VARIABLE-FREQUENCY OSCILLATOR

R1 +3-5V
47K
Wh—1
8 5
Ui
o1 LM3909
A7 2 J_‘
A3 r F
L 50K R2 <E
1 a0
SPKR1
= 8
POPULAR ELECTRONICS Fig. 61-9

In this variable audio frequency oscillator, the output of Ul at pin 2 is used to drive an 8-
speaker through R2 (which functions as a current-limiter),
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WIEN-BRIDGE OSCILLATOR |

» +12V
R4
56 k{)
R5 - c2
10 k{2 £, = ﬁ Ci=GC “T70.01 pF
Ry= Ry + A= Ag
= Values shown Ry= A4l As =
f, ~ 1700 Hz
WILLIAM SHEETS Fig. 61-10
WIEN-BRIDGE OSCILLATOR 1l
Ré i: -—-—-—-—-—-gz——-ﬂ
22K ¥
D2 1N914
1N014
ANy jot
R7 .
s +8-16Y
ca
Av‘v‘v A f\J
A3 —HW——0 1.5Vpe
10K 1.5kHz
s <
10K<
+
¥ 1
c1 j c4
Rd
o 1 oV
A

POPULAR ELECTRONICS Fig. 67-11
The operating frequency of this Wien-bridge oscillator is determined by C1, CZ, R1, and R2. It

can easily be modified to act as a tunable oscillator by substituting a dual-gang linear potenticmeter
for K1 and R2.
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LOGIC-GATE SINE-WAVE OSCILLATOR

: 2 — 12V
ol
A I
14 = g
o i Lo 0UT
b
1/4 4093
CX
oo G2
100 U
——o our
= Rl +
2.2K
9, Lu four
018 50mH SkHz
*SEE TEXT :

018 | omM | 14kHz
047 | smH | 55kHz
1 1H 3006z
1 10H | 100Hz

POPULAR ELECTRONICS

Fig. 61-12

Arninductor and capacitor are used here as frequency-determining elements in an LC oscillator.
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62

Oscillators (Miscellaneous)

The sources of the following circuits are contained in the Sources section, which begins en page
707. The figure number in the box of each circuit correlates to the entry in the Scources section.

Variable-Frequency Astable I

Astable Oscillator 1

Astable Oscillator 11

Variable-Frequency Astable I1
Quadrature-Wave Oscillator

Stabilized Wien-Bridge Oscillator

Digitally Controlled Square-Wave Oscillator
50% Duty-Cycle 5565 Circuit,

Varied Rep Rate, Duty Cycle with 555

DDS Digital VIO
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VARIABLE-FREQUENCY ASTABLE

C=70pF-
LH01uF

+12¥
0l u
OUTPUT
AC
haw Tuax
3309‘: 2.8kHz 45kHz
330pF 10MEE | 300Hz 5kHz
» 29MEG | 130HZ | 2.5kHz
53 T IMEG | 28kHz | 7kHz
10MEG | 270Hz | 1.85kHz
- PIMEG | 115Hz | 835Hz

Cel70pF—
0011pF

POPULAR ELECTRONICS

Fig. 62-1

This circuit is a variable-frequency oscillator using a trimmer capacitor or a three-gauge AM
broadcast capacitor salvaged from an old AM radic. The three sections must be paralleled.

ASTABLE OSCILLATOR1
2 g -4 12V
c1
AUN uuliana 1
STOP 2 )“f 4 SQUAREWAVE
6] - )° " ouTPUT
1 b |7
o th ’4 4093
£
*SEE TEXT
<
=

POPULAR ELECTRONICS

Fig. 62-2

In this circuit, two gates from the quad 4093 package are used to form a simple astable square-

wave oscillator.

The values for B_and C_ are approximately as follows:

CX RX. ‘fO
0.00lyF  1MQ  3kHz
0.1 uF 1MQ  30Hz
1 uF 10MQ  0.03 Hz

These values can be scaled for other frequencies.
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ASTABLE OSCILLATOR Il

4 412V
c3
A

ouTRUT
LOW FREQ.
—K »—m—syp_’ s
c2 o
01 i R3 HigH FREQ.
2N39M4 1K
R2 £
100K ¢
POPULAR ELECTRONICS Fig. 62-3

By using transistor switch Q1/R2/R3, the frequency of an astable oscillator can be changed with
a dc voltage or logic level.

VARIABLE-FREQUENCY ASTABLE 1l

4 12V

ouTPUT

C1=2Hz2TO 32Hz
C2 = 30Hz TO 310Hz

C3 = 285Hz TO 2.85kHz
C4 = 2.75kHz TO 30kHz

POPULAR ELECTRONICS Fig. 62-4

This circuit uses a single potentiometer and switched capacitors to cover 2 Hz to 30 kHz.
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QUADRATURE-WAVE OSCILLATOR

1. Diodet are THA148
2. 11 = HASQ25, U2 = COTAACN

ELECTRONIC DESIGN

W P N
=0 Dlsbla

Fig. 62-5

By using a high-frequency quad current-feedback amplifier (the HA5025) as an RC oscillator,
four quadrature sine waves can be gencrated. The HAB025's four separate amplifiers generate the
sine waves, and the quad NAND gate, U2, is biased at its threshold, so il acts as a sine-wave to
square-wave converter when the sine waves are ac coupled into its input.

STABILIZED WIEN-BRIDGE OSCILLATOR

iNd148
Xy "Wy
N wF
Xz
o ADS34
- ) ouTPUT .
SF z _%L'k
! ——é" == 4700pF
2
A 1309
-=:_ ' pF r 1.8k
|._.. ¥y Vg
ANALOG DEVICES

- QUTPUT

0kHz
IV PK.

In this application, the ADB34 is used as a vari-
able-gain amplifier for the feedback signal from the
output to the Y input, via the Wien bridge. The
peak-rectifier and filter combination applies suffi-
cient voltage fo the X {denominator) input to
maintain a stable oscillation-amplitude (with about
0.2% ripple). At startup, because X is small (di-
vider mode), the gain is high, and the oscillation
builds up rapidly. This is but one of several possible
schemes, involving no external active elements, lts
forte is simplicity, rather than high performance;
nevertheless, the amplitude is not greatly affected
by supply and temperature variations, about 0.003

Fig. 62-6 dB per volt, and 0.005 dB per degree.
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McGRAW-HILL

IC1
1C2
Cl1, 2
c3
C4

DIGITALLY CONTROLLED SQUARE-WAVE OSCILLATOR

Cif:_'""ft’i lcs a3 Jcz Jos il _20utput
u L =+ = = =
P 0.05 T0.022] 0.01 [0.005 0.01
CD4066 |WF | F [ F | WF WF
N
o
B_._._-.._-_.......__..-
9
C—““"“"‘“\ o+9V
. o l C6
D— ;1; 0.1
; IC2 WF
RI Y
=\ ‘'
A 22k R2
10k
1 8 R3
IC1 2.7k
LM3909 R4
4 470k
Fig. 62-7
LM3909 LED flasher/oscillator Ch, C6 0.1-uF capacitor
CD4066 quad bilateral switch R1 2.2-kQ, %-W 5% resistor
0.1-uF capacitor R2 10-kQ potentiometer
0.033-uF capacitor R3 2.7-kQ, 4-W 5% resistor
0.047-uF capacitor R4 470-Q, ¥%-W 5% resistor

445



50% DUTY-CYCLE 555 CIRCUIT

ELECTRONICS NOW Fig. 62-8

+2-18Y =
R3 ]
2.2
4 8 ) ot
RES v 2222
Ac1
TLC585 TNELJB
D5 o3t
= TAG Fomr R14
1 Meg @
THE—4-Wr
&Y _V Re Using an external charge transistor and
S o diode enables a 50% duty cycle and easy fre-
D1uF 005 wF quency control. When the 555%s discharge tran-
1622 sistor is cut off, the 2N2222 acts as an emitter
M 6 “”493 s follower. When the discharge transistor turns on,
50% D.C. 1 ; & the 2N2222 turns off and C1 discharges through
—3 (R, + R,) al the same rate. The IN4148 provides
temperature compensation.
IG2-d 024
1[5 4049 1/8 4049
9 10 i 4
fout
c2-¢
1/6 4049
L 7] g
-]

VARIED REP RATE, DUTY CYCLE WITH 555

12 o9 ¥
Ve | o +sipply
04
I uf Riead
— |
“Rapetiion LK @
A" -t 3 IAF548

I}
|

Setect iy and Cy for application

To independently vary rpm and dwell, or duty cycle, a 555 timer is used to produce
a ramp waveform, which is compared to an adjustable reference.

{Ut: 555 fimar; UZ: 741 or equivalen

ELECTRONIC DESIGN

Fig. 62-9
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DDS DIGITAL VFO

U1
HSP45102PC-40
B DbS
k) ) SELL/M ouTE 23
g 10 SFTEN OUTI L Not ¢
P 11 MSBLSE ouT2 25 ot Connacted Vee
[ 1 FI —_—
Computer =1 LOAD oUTI b—
P |€ i Sl enprac  ouTs J22 3 o
Fort % TXFR outs jié D1 [ole}
= L] outs | L—Sfno  VRer
141 scik ouT? i 2303 vout
168 o1 x ouTs o4
L] 29 g outs -4-——214ps
] ouTIo 2 2405
Vee  ouTH & oy
14 Through 25 ) 22
—54] - 15], ¢ VS
U3 14 X
. COMP Vrer
IC pins not shown 40-MHz Clock /—.J;d 77
are unused. Uz
} 14 8 CA333BAE
Vee ( CLK ¢ DAC
GND
U4
7805
veo
Tto9 Reg

vde }-—l— IN ouT . T .
Input * | £5 GND lc4 +_T_c.‘> _T_ . l -
lm# Im,ﬁ 10 uF
16V /4_, l 3% | Q1 uf I 0.1 uF

ast Fig. 62-10

The DDS chip (U1) generates a data stream that is converted by D/A converter U2 into a sine
wave. Ul is programmed via the input from P1, from the LPT port of an IBM PC. The system uses a
40-MHz TTL output clock module. -
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63

Oscillators (RF)

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.
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Frequency Modulated Oscillator

JFET Variable-Frequency Qscillator

AM Oscillator for Wireless Microphones

Reinartz Oscillator

Remote-Oscillator High-Frequency VFO

Beat-Frequency Oscillator for AM/SW Radios

Butler Oscillator Circuit

456-kHz Oscillator

Modified Hartley Oscillator

VLF LC Oscillator

Grounded-Base Tuned Collector Oscillator for
AM Broadcast Band

HF VFO Circuit
Darlington Transistor Oscillator
FM HF Oscillator With No Varactor

“Tunable IJHF Oscillator

“Universal” VFO

Oscillator Circuits

Colpitts Oscillator

Clapp Oscillator for 100 kHz
Tuned Collector Oscillator
Hartley Oscillator



FREQUENCY MODULATED OSCILLATOR

330 0
T . T T L e
T 47 uF 0.01
IN7
T oo | Tw
= = k() =
1 MQ 2N3563
i 5 22 pF
Audio 10 kil Output
input +—| V——| +3 dBm
1t02Vpp 0.1
nF ==
Mv2107
WILLIAM SHEETS Fig. 63-1

This circuit can be used for FM wireless audio, microphone, and part-15 applications where a
stable frequency modulated oscillator is needed. LT can be varied to cover 7b to 150 MHz, as needed.

JFET VARIABLE-FREQUENCY OSCILLATOR

ol wi {
7808
at G
mprio2 +—1 1218V
Ci* [
" K - @' 1
co _L \b c4
001 QUTPUT
1+ ) & /i b o 0
- Cs £ 100K BUFFER
D1 ox L2
1NS14 T SmH
. 1 ‘
-SEE TEXT =
U 2 AND C3 c1 | VARIABLE
TMHZ | quans) | F) (oF) | C(pF)
28 36 680 150 100
58 25 470 100 100
714 20 470 100 50

POPULAR ELECTRONICS Fig. 63-2

This simple JFET-based variable-frequency oscillator can be used in receiver and transmitter
circuits.
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AM OSCILLATOR FOR WIRELESS MICROPHONES

330 0 |
+12 vo—"\AN, _-L . s ’

AM oscillator coil
from transistor radio

F
0.1 |
WF T |
8] ::
I
———————————— I £=1MHz
Audio in G ) +
2Vpp 47 uF 330 @ 0.01 uF
l: # ( 3'antenna
WILLIAM SHEETS Fig. 63-3

This circuit will generate an AM-modulated signal in the AM broadeast band that can be picked
up on areceiver. About 2 V of audio input will produce about 30%.modulation of the oscillator signal.
An old AM broadcast oscillator coil or other two-winding coil with about a 10:1 turn ratio and about
50 to 150 pH inductance can be used for T1.

REINARTZ OSCILLATOR
+10V - _T_
L
1

L3 C L=, 7x

2N3g04 || amilaC

C =330pF f=1MHz

L=75uH
WILLIAM SHEETS Fig. 63-4

This ascillator uses inductivity coupled emitter and collector windings to its main tank cireuit.
Take care so that L1 and L2 are not coupled to each other, otherwise this cireuit is susceptible to par-
asitic oscillation at other frequencies. Typically, L1 has 5 to 10 times the number of turns that L2 has.
L1, L2, L3 are wound on same coil form. This oscillator is more suited to lower frequencies, £10 MHz.
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REMOTE-OSCILLATOR HIGH-FREQUENCY VFO

i

’ +5V
c12 l Regulated
CH1 0.1 pF |0V 6F
e,
20
c8 Vee
0.1 uF U1
| 7arczen ?—1{"0
Buffer
&j&— 52ne
13] | 7
D Q1 nec
H4148 werioz | g4 ] q
ne
,_J_—’—N-* Oseillator
cé 1
8 12
4 e
cae [ 14y,
! J2
2T REMOTE
270pF 4 18}ne  OSCILLATOR
1 T'g':“‘ ca o3 C4LTEE " w7, " oUTPUT
e
- ( -T-c) ’ 3 )
20pF {47 pF110pF See Text 10pF
=== cs By ig
,I Tm €6 To20 ur caG
‘ ceG
r‘]‘r L2
D = drain
G=gate
S = source
nc = no connection
A
{a) b2
MV1662
Band-Specific Oscillator .
to Q1.C4 Component Values
fo‘:“g,,ﬁi 1 Band L1 Approximate Tuning
(m) (turns”}  Rangs' (kHz)
BAND 10 3 110
Ditto, Band 2 1O csl ) Lo U 92 4 100
Ditto, Bond 3 and R3 45 5 80
L2 c7 17 6 65
Ditto, Band 4 20 7 50
30 10 40
to D2 *Close-wound #20 enameled wire on a
ond R2 3fg-inch plastic rod; see text.

tWith an MV 1662 diode used at D1, and
C7 (Figure 2) equal to 47 pF. See text,

) Note 2 and the Figure 2 parts [ist.

asT Fig. 63-5
A remote VFO is sometimes used to control a transmitter or receiver. The circuit shown uses an
MPF102 FET and is controlled by a dc voltage at J3. The table shows values for L, for various bands

from 30 to 10 meters. Ul serves as a buffer amplifier.
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BEAT-FREQUENCY OSCILLATOR FOR AM/SW RADIOS

3.3k
0.1 fmm e e . = AGC
wF L | a | 18 disable
- | | kil | -
1C i |
T |
E * : i 3o o> +9V 1012V
T1 = 455 kHz ‘ | 0.1
transistor \ | I
radio IF T o i
_______ - 100 k) 10 k(2
d oo BFO pitch
1 2N3204 Mv2103
LeF i
0.1
1 uwF
@ T
1 105
T 10kn pF Shielded cable
y .4 Qutput to base
NN 1@1—> of IF amplifier
WILLIAM SHEETS Fig. 63-6

This BFO can be added to inexpensive AM/SW receivers to enable reception of CW signals. Qut-
put couples to base of last’IF stage. T1 is any 455-kHz IF transformer. The BFO switch should be a
DPDT type (as needed), and the radio AGC circuit will- probably have to be disabled for CW reception,

BUTLER OSCILLATOR CIRCUIT

RADIO-ELECTRONICS Flg. 63-7

This circull uses an overtone crystal in a Butler oscillator. L1 is approximately 1300 pH, and the
crystal frequency should be from 20 to 50 MHz.,
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455-kHz OSCILLATOR

1 Q1
T R1
455KHz MszD e

- — _I_ — =l
l 1k 180pF  B1

||H

McGRAW-HILL Fig. 63-8

The 455-kHz oscillator circuit uses a field-etfect transistor (FET) for Q1. The output signal-is
taken from the source circuit of QL. T1 is a 456-kHz IF transformer.

MODIFIED HARTLEY OSCILLATOR

+12V

- pF
Ly + Ly =100 pH
fose 1.5 MHz approx.
10 pF
,———0—| H Output
2N3904
1 01
F
@ L
WILLIAM SHEETS Fig. 63-9

This oseillator uses a tapped coil in the collector circuit, with the tap grounded for the signal. L1
and L2 are coupled inductively and typically have a 3:1 turn ratio, and generally are sections of one

entire winding.
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VLF LC OSCILLATOR

+6-12v AFoUT
b
™ I, c2
2N5485 047
The VLF oscillator uses « large toroid coil as
1?3,( the Irequency-determining component and a
2Nb485 FET as the active device. R3is used as a

feedback control and also by running the circuit
with slightly less feedback than needed for oscil-
lation, can serve as a regencrative amplifier or

Cc1
.047

L1
10-100mH

cT. 2 dctector.
TOROID 3
colL
POPULAR ELECTRONICS Fig. 63-10

GROUNDED-BASE TUNED COLLECTOR OSCILLATOR FOR AM BROADCAST BAND

Y

+—{ 2N3906 30 to 350
0.1T pF for
— oul
wF L - L g'—z 530 to 1700 kHz
01—
WF L

0.01

1 wF 5%,

k() tap
10 uFJ— 1 Lt 240 pH tapped at 5%

L1:L2 12:1 turns ratio
16V T
+12V
WILLIAM SHEETS Fig. 63-11
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HF VFO CIRCUIT

ey Ut > +12VDC
& 78L08
cé
A ! _LG A3 < +7R cs
—s = 1000 $ 10
. = ca
2C142pF A
N i T4
—Is o }  MPFi02 1
o \D OSCILLATOR ;
CY D1 Q2
¥ 1N914 OR MPF102
100K 1" yNatas '**-i(—'r——‘@ BUFFER
wWw—t s AMPLIFIER
= 10pF
o < R2 +——)—oouteuT
ci 3 100K cir
100pF i 1;2}4 100pF
Tmfmg i _ ** AIR DIELECTRIC
ole com 1t 2 TRIMMER CAPACITOR
TRIMMER S%f,p = | 1o 3 “NPO GERAMIC,
SOpF ' 20102 4 SILVERED ME:JE
X OR POLYSTYR
POPULAR ELECTRONICS Fig, 63-12

This typical HF VFQ circuit has several stability-enhancing features, including well-chosen ca-
pacitor types. The frequency of the VFO is approximately 2r (C'| + C, + C;) L,. L1 should be an air-
core type coil, rigidly mounted, with high (>200 value} value of §.

DARLINGTON TRANSISTOR OSCILLATOR

+9-12V
c4
L1 A
1T {{—o RFout
LOOP
GOIL 2 R3
* 1K
*SEE TEXT ot T
POPULAR ELECTRONICS Fig. 63-13

This oscillator uses a very large capacitance-to-inductance ratio. L1 is a one-turn coil consisting
of a loop of #12 wire 12" in diameter. This circuit is useful for metal detectors, ete., where a loop an-
tenna is used.
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FM HF OSCILLATOR WITH NO VARACTOR
o +igg (V)

Vmod -0
Modulation inpul

ELECTRONIC DESIGN Fig. 63-14

Instead of using a varactor to frequency-modulate a high-frequency oscillator, this cireuit uscs
base-charging capacitance modulation. Consequently, the large voltage change required by a varac-
tor, which can be a major problem in battery-powered systems with limited supply voltages, is elim-
inated. T1 is a ceramic coaxial quarter-wave resonator.

TUNABLE UHF OSCILEATOR

586
k) MPSHE1
Microstrip
0.1"W x 1.5"L
€ =48

G-10 material 0.062" thick

f, = 350 to 500 MHz

WILLIAM SHEETS Fig. 63-15

This oscillator is typical for 350- to 500-MHz operation. The microstrip inductor is a PC board
trace. The tap is typically 15% from the bottom end. The output power is 55 Lo 100 mW into 50 Q,
with the frequency stahility typically 0.1% over 0 to B0O°C.
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“UNIVERSAL” VFO

out " in _ _ O 12 voe
Gnd 1o
cs ?go = 220 wF ;‘; RFC 2
AuF 220 pH
_—_|7_1 01 pF
I'—-—O Out
ait
[ ¢ ECG-312
L c1 NTE-312 2N2222
R1
100K Ting1ae ECG-312
T oz NTE-312
| ca
—.1pF
R c3
100 AnF L
a
T L1
C

..May Be Grouped May Be Grouped

73 AMATEUR RADIO TODAY Fig. 63-16

Figure 63-16A shows the basic circuit for the VFO, except for the tuning circuits (which are
shown in Fig. 63-16B). Transistor @1 is a junction field-effect transistor (JFET} oscillator stage. The
device to use at Q1 includes MPI-102, 2N4416, and the replacement devices from the popular lines
of “service” parts e.g., ECG and NTE).

Two different oscillator configurations can be accommaodated by this design (i.e., both Clapp and
Colpitts oscillators can be built). Both oscillators are the same from point A in Fig. 63-16C forward,
and both depend on a capacitor voltage-divider feedhack network. The Clapp oscillator (Fig. 63-16A)
is series-tuned and the Colpitts oscillator is parallel-tuned {Fig. 63-16B).

The dc voltage supplied to the oscillator transistor (Q1) is voltage-regulated. The voltage regu-
lator can be any 78Lxx series from 78LO5 to 78LO9Y,
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OSCILLATOR CIRCUITS
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RADIO CRAFT Flg. 63-17
These are methods of using an NE602 with a tunable VFQ.
COLPITTS OSCILLATOR
INESBZ |
)
|
1
1
1
" GROUND T
< OA Vg L e
RADIO-ELECTRONICS Fig. 63-18
L, =7 pH/f(in MHz)
C, = C, = Cy= 2400 pF/f
In this circuit, the oscillator is free-running.
CLAPP OSCILLATQOR FOR 100 kHz
47kQ 15 k)
—» +9 V regulated
[ 1tiopF
R Y,
0.001
pF T 470 pF
Output
WILLIAM SHEETS Flg. 63-19

This Colpitts oscillator is very stable and usable where good stability is needed, but crystal con-
trol is not desirable. It is capable of 1 part in 104 to 105 with good-quality components.
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TUNED COLLECTOR OSCILLATOR

100 Q)
i + + NN NIV
0.01
wF
l 9 to 180 L1 Lo
10 pF
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2N3%04 i
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2.0 turns ratio 10:1 TYP
kD 0.01 L1=1.2uH
1 T |J..F f=12to 30 MHz
k{} =
| £
[} -—
100 pF Feedback
WILLIAM SHEETS Fig. 63-20
HARTLEY OSCILLATOR
470 pF .oy
’ I( . ’ MPF102 | g4
100 pFJ— < T wF
NPO I IN914 1 MO =
7010 90 $ o= 1.8 MHz 33 pF
wH
- | H Output
Tap at atotal turns
Freq. range up to =150 MHz
with suitable compoenents
Fig. 63-21

WILLIAM SHEETS

This circuit uses a tapped inductor in a Hartley oscillator circuit, The tap is generally at 25 to
35% total turns in most instances.
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64

Oscilloscope Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Scope Voltage Cursor Adapter
Sampling-Rate Phase Lock
Differential Amplifier for Scopes
Delayed Video Trigger for Scopes
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SCOPE VOLTAGE CURSOR ADAPTER
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- 13} cpatss |t
MCTaL12 1"
TO-92 154 Ry 4
R4 & =
8. INPUT wkE |57 2] 4 8 o Pul
2, GRQUND 0.1
1. QUTRUT =
-
ELECTRONICS NOW Fig. 64-1

The voltage cursor adapter superimposes horizontal cursor lines on the top and hottom of the
waveform—a kind of electronic calipers—to permit direct readout of the voltage value. The cursor
lines extend across the entire screen. The MC78L12 voltage regulator (IC1) supplies regulated 12-
Vdc to the rest of the circuit. The ICM7555 timer (IC2) drives the CD4066B, a CMOS bhilateral switch
(IC3). This drive frequency can either be a normal frequency (NORM) of 100 Hz or a low-frequency
(L.LO-Fy of 10 kHz, depending on the setting of switch SI. Set 81 to LO-F for inputs below 500 Hz.

The dc reference voltage supplied to pin 3 of IC3 is set by R3, a 10-turn, 5000-2 precision po-
tentiometer. The voltage can be read directly from a turns counter dial coupled directly to the po-
tentiometer’s wiper, The accuracy of this reading can be 1% or better. Trimmer potentiometer R1
permits the voltage to R3 to be calibrated to precisely 10 V.

The circuit is calibrated by setting the digital reading on the turns counter of R3 to the full clock-
wise position and adjusting R1 for a reading of 10 V at the wiper of R3 with a digital voltmeter.

Bilateral switch IC3 converts the dcreference to a square wave with exactly the same wiper am-
plitude. The square-wave cutput appears on common pins 4, 8, and 10 of IC3 and coaxial plug PL1.
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SAMPLING-RATE PHASE LOCK
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ELECTRONIC DESIGN Fig. 64-2
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Most digital scopes have record lengths that are power of 2 (c.g., 1024 points) and sampling
rates constrained to a 1-2-5 sequence. This can lead to measurement errors on power-line waveforms
because an integral number of line cycles can’t be captured. Digital scopes that calculate measure-
ments, such as the rms level, across the entire record will be in error.

One solution to this problem is to phasc-lock the scope’s sampling rate 1o Lhe line frequency by
exploiting the external clock input found on some digital scopes. Phase-locking the sainpling to line
frequency also tracks variations in the power-line frequency.

A 9- or 12-Vac wall translormer provides the circuit’s power and the frequency reference. The
negative output-of the diode bridge refines the circuit ground. The 78105 regulator provides the +5-
V supply for the three ICs. R3 and C2 create a low-pass filler on the half-cycles from one of the float-
ing transformer outputs. R3 also limits the current into the internal diode clamps of the inverter gate.
The inverter output becomes the power-line frequency reference and is one input (SIG in to the
phase comparator) of the Signetics 74HC4046A phase-locked loop (PLL). The 74HC4040 divides the
PLL output frequency by 1024 and feeds the divided clock back 10 the other PLL phase-comparator
input (COMP in). The phase-comparator output (PC2) is filtered and drives the PLLs control volt-
age (VCO in) so that the output frequency is 1024 times the reference frequency.

With the loop filter shown, the output frequency locks to the line frequency in about 10 s. The
oscillator is locked to both 50- and 60-Hz inputs using a 74HC4046A and the values shown for resis-
torg R1 and R2 and capacitor C1.

The output signal is buffered and sent to the scope’s external clock input, which is typically a
TTL-compatible input. A different, tap from the 74HC4040 can be selected to control the number of
cycles caplured in cne scope record.
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DIFFERENTIAL AMPLIFIER FOR SCOPES
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ELECTRONIC DESIGN Fig. 64-3

Differential inputs and comparator modes can be added to any general-purpose oscilloscope us-
ing this circuit setup. Calibralion doesn’t change because the circuit operates in unity gain in most
modes. Amplifier noise level is low enough not to degrade low-level signals, and its dynamic range can
handle signals up to +12 V peak. Notice that all of the resistors are 1%, unless specified otherwise.
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DELAYED VIDEO TRIGGER FOR SCOPES

av "

“¥ideo In R3

J1

c3 o1 Vides OQut,
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6 _E'? o108 10 8 4 1
L =5 o

R1 3.3k D1,02,03,04 1N914 silicon giade

R2 1 meg potentiometer, lingar taper a1 MPF102 JFET

R3 1k [0))] LM1881 video sync separalor

ci 0.0047 uF u2,u3 4013 D type flip-flop

c2 0,033 pf J1.42,43 ACA phono jack -
c3 0.1 yF st SPDT switch

Note: Rasistors are all 5% 1/4 watl. Capacltors
are all potyester type.

73 AMATEUR RADIO TODAY Fig. 64-4

This circuit will extract vertical syne from a video signal, produce a vertical sync pulse, and add

an adjustable delay. This permits a delayed sweep effect to enable a scope to look at any particular
horizontal line. It is useful for older scopes.
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65
Photography-Related Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Charger for Photoflash Capacitor

Slide Stepper
Photo Super Sirobe
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CHARGER FOR PHOTOFLASH CAPACITOR

C1=—0.2 uF +20%, 100 V

C {Load Capaciter}—4B80 ufr, 500 v

D1, D2--MRA 14 (Fast-Racovery Raectifier)

G —MP56520 (Selected)

Q2~MP56563 (Selected)

QI--MPS6562 (Selected)

Q4A—-MP3613 (Selected)

VR—Neon Lamp (Selecred 5 AG)

R1—-39K

R2-10001

R3I—1.0K

R4~ 1200

R5—15002

R6—270{1 +5%

R7-7.50) 5%

RE-—1.0 M2

R9—-2.0 M1 Pot

R10—390K 5%

Nate: All resistars =10%, V4 W, Unless
COtharwise Specified

L1: Timing Inductor

Core: Ferroxcube 266T125-3E2A
Winding: 145 Turns, No. 36 Wire

L2: Drive-Oscillator Transformer

Core: Ferroxcube No. 18/11PL00-3B7

Bobbin: 1811F2D

Air Gap:  0.005 in

Windings: W1: 40 Turns, No, 28 Wire
W2: 20 Turns, No. 30 Wire
W3: 140 Turns, No. 36 Wire

L3: Output Tranaformer

Core: Ferroxcube No. 26/16P-L00-3B7
Bobbin: Ferroxcube No, 26/16F2D
Windings: N1: 11 Turns, No. 18 Wire

N2: 1160 Turns, No. 38 Wire
Air Gap: 0.030 in

ip ow ¥r)
R4 £ L2 ' Iw\
R5$ 3 ‘](m' h V)
w1 i : 2 BT Ve
h
—
RS
R1% )
L1 R83
} +
Q1 w3 Reg' 4 -
= R2: Q2 R10%
’:i- -
2_4v 1 W2 .
. c1 -k
R3
. T
Dty cycle
Shutoff
McGRAW-HILL Fig. 65-1

This circuit charges photoflash capacitor C (480 uF, 500 V) for photoflash usage,
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SLIDE STEPPER
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Fig. 1—ORIGINAL CONFIGURATION of
the slide projector's remote control.
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Fig. 2—SCHEMATIC DIAGRAM. The stepper circult replaces the remote and will. auto-
matically advance the slides with a variable time delay. .
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Fig. 3—CABLE MODIFICATION. This will allow the remote and the stepper circuit to be
swapped easily.

ELECTRONICS NOW Fig. 65-2

This stepper circuit replaces remote controls and will automatically advance slides in a projector.
The time delay is variable with R4. The cable connections are for a Kodak carousel slide projector.
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PHOTO SUPER STROBE
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MAKE THE SENSOR ASSEMBLIES with heat-shrink tubing and smail diame-
ter coaxlal cable such as RG-174/U. The space between the coaxial cable and the outer
heat-shrink tubing istilled with a littie silicone rubber.

ELECTRONICS NOW! Fig. 65-3

A change in audio or light level on the scnsor connected to J1 is amplified by IC1-a and IC1-b
(rectified), and used to trigger IC2. R12 gets the delay between the trigger and the flash. IC1-c drives
indicator LEDZ.and triggers SCR1, which sets off the strobe connected to J2. A photo cell or a mi-
crophone can be used as a sensor.
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66

Piezo Circuits

The sources of the following circuils are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Piezoelectric Driver Gircuit
Piezoelectric Buffer
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PIEZOELECTRIC DRIVER CIRCUIT
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POPULAR ELECTRONICS Fig. 66-1

Three-terminal piezoelectric elements are (ypically driven by transistor circuits (A), or logic
gates (B). Two-terminal devices can be driven by two NAND gates, A booster coil is used to com-
pensate for the sound-pressure attenuation caused by the case.

PIEZOELECTRIC BUFFER .
R
2.2k0
Rl 22%
R2 1500

a1 2N3819 FET transistor
Misc. Pigzo disc

Y (" All resistors are S 10 1Q percent 10leranca, /e watt.
Piezo film 2N38310 r2 Cupur
T %1 500
e —0
McGRAW-HILL Fig. 66-2

This circuit will serve as a buffer for experiments with Kynar film, a piezoelectric material, or
with piezo devices.
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67

Power Line Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

ac Power Controller

ac Power-Line Monitor

Power-Line Modem for Computer Control
Low-Voltage Power Controller

471



aiv

ac POWER CONTROLLER

ELECTRONICS NOW
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ac POWER CONTROLLER (Cont.)

This circuit is used to vary the power delivered to a 120-Vac load under software conirol. A
63705 micro controller can control eight discrete power triacs, cach of which delivers power in 32
smoothly graduated steps, ranging from 0 to 97% of full power. The value delivered to one channel is
independent of the value delivered to any other channel. Loads can include light displays, universal
motors, heaters, and other appliances.

The power level is set by software, not a potentiometer. The software includes a basic set of rou-
tines for processing interrupts and setting the power level. The software also includes five test and
demonstration routines for putting the circuit through its paces. Morcover, there's plenty of room to
add your own routines to the 687053 built-in EPROM.

The basic circuit is simple, yet versatile cnough to accept inputs from on-board DIP switches; al-
ternatively, the inputs can be driven from a microcomputer bus or parallel port, or a stand-alone de-
vice with TTL-compatible outputs. There are 12 input bits Lo set medes and specify values.

ac POWER-LINE MONITOR

117VAC
+9Y
R1
27K NE1 A3 a
470K 1
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+9V uz 1 2
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K/ 2N5081
o1 B 4
25
RESET
. 3K &
e ol I +ov
+9v —0 o©
=
POPULAR ELECTHONICS Fig. 67-2

When the power-line voltage source fails, @1 turns on, activates optoisolator UZ, and triggers
SCRI. For small SGRs, Ul might directly trigger SCR1.
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POWER-LINE MODEM FOR COMPUTER CONTROL
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Fig. 67-3

This circuit uses an 87C57 microcontroller and a few peripherals to condition X-10 power-line carrier-code formats from a
personal computer to use an X-10 power-line interface iri a home-control system. Software details are available in the reference.




LOW-VOLTAGE POWER CONTROLLER
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POPULAR ELECTRONICS Fig. 67-4

The circuit has a duty-cycle generator that will produce an output varying from fully off to fully
on and pulses of any duty cycle in between the two extremes.

This method of operation is called PWM (pulse width modulation). The circuit can be fed from
any dc supply source of between 10 to 15 V. Half of an LM556 dual oscillator/timer and U2-a (% of an
LM339 quad comparator) combine to form a voltage-to-pulse-width converter. The first half of the
dual oscillator/timer (Ul-a) is configured as an astable oscillator, generating a continuously oscillat-
ing ramp voltage. Op amp U2-a compares the voltage at its noninverting input (pin 5)—which is con-
nected to pins 2 and 6 of Ul-a—to the vollage at its inverting input (pin 4). The op amp will produce
a low output if R1’s wiper voltage is higher than the instantancous voltage that is present at pins 2
and 6 of Ul-a. The output of U2-a at pin 2 will have an on/off ratio that is proportional to the voltage
at R1's wiper.

The output of U2-a is fed to Ul-b, which is used to buffer the signal. The low-impedance, pulsed
output of Ul-b at pin 9 is fed to the gate of MOSFET Q1, driving it on or off. The circuit also has a
power-input detector, built around U2-band and LEDL. If the input power is OK, LED1 will shut off.

Diode D1 is used to suppress the reverse voltage spikes that are generated by induciive loads
during turn off, without that diode, the MOSFET might be destroyed. If the circuit will not be used
to drive inductive loads (motors), D1 can be eliminated.
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68

Power Supply Circuits

The sources of the following eircuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates o the entry in the Scurces section.

Foldback Current Limiter
Current-Limiting Regulator Circuit
Switching Power Supply
Transformerless dc Power Supply [
+5-V at 1.5- to 3-A Supply, +6- to +15-V Input
Transformerless de Power Supply 11
Fast 3.3-V-Regulator
Power Supply for High-Power Autosound Amp
IC Regulator Pratection
3.3-V Switching Regulator
NE602 Power-Supply Options
Simple 9-V Power Supply
Tracking Power Supply
Power Efficient Voltage Regulator
Low Drop-Out Regulator
SCR Switching Supply for Color TV Receivers
Regulator Circuit for Bilateral
Source/Load Power System
Fast 3.3-V Adjustable Regulator
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Two-Terminal 100-mA Current Regulator
Two-Phase Rectifier

Low-Noise 5-V Supply

Positive Regulator with 0- to 70-V Output
Simple 12-V Power Supply

3.3 V from 5-V Logic Supplies

12-V Supply

4- to 70-V Regulator

Switched Power-Control Circuits

Multiple On-Card Regulator Adjuster
Simple 9-V Power Supply

+5-V at. 1-A Supply with +3- to +5-V Input
5-Vde Regulated Supply

Buffered Reference Supply

5-V Logic Regulator with Electronic Shutdown
12-Vdc Regulated Supply

Junked Transistor Regulators

Teleprinter Loop Supply

5-A Constant-Voltage Supply



'FOLDBACK CURRENT LIMITER
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POPULAR ELECTRONICS Fig. 68-1

This regulator uses the drop across R3 to sense current draw, turning on Q2, removing drive
© from Q1, and lowering the output voltage. Limiting occurs when Q2 has 0.65 V across the base-emit-
ter junction. This circuit has foldback characteristics as seen from the figure.
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CURRENT-LIMITING REGULATOR CIRCUIT
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As shown in B, maximum load current is practically the same at all supply volt-
ages with constant current limiting.

POPULAR ELECTRONICS Fig. 68-2

This regulator uses the drop across R2 to turn on Q2, removing base drive from Q1 and reducing
the current through R1. About 0.65 V must be dropped across R2 before limiting occurs. To set limit
current,

Ry~ .65
lrLIl\«ll’l‘ (arups)
B, +R)
Output voltage = Vi = (3.9) T
4
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SWITCHING POWER SUPPLY
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=
R
u '—‘VBVV'J RTN 0
trrog M 1% [—3 TE-“,
pain
Ry
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ELECTRONIC DESIGN Fig. 68-3

In many swilching-regulator applications for portable computers, the microprocessor is located
some distance from the power supply. With the latest processors, total load currents range into sev-
eral amperes. Thus, regulation at the load can become a problem.

The 1., pin (pin 6) of the LTC1148 is approximately proportional to the load current. It scales
nearly linearly from 0V at no load to 2.0 V at current limit. U2, acling as a unity-gain differential am-
-plifier, inverts the Ul pin 6 voltage (referenced to SENSE---, pin 7) and causes a current proportional
to load current to flow in resistors RS and R6. A small voltage drop appears across current-sense fil-
ter resistors R3 and R4. This makes the voltage measurcd by the internal feedback divider appear
low. The duty factor is adjusted to bring this back to the correct voltage. As a result, the output is in-
creased slightly as a function of load. Capacitor C9 rolls off the high-frequency gam of the correction
amplifier.

~ (Voing X B
comp
rorT
where: Rr,:c')m[) = R:’) = R5
Ry =R;and R,
V. = Measured drop.

oorr
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TRANSFORMERLESS dc POWER SUPPLY |

2
c, WARNING!
c3 SHOCK HAZARD
— NO BODY CONTACT
PLI RI ca PEMiSSIBLE
I;NAC 50 82 é—’(—" 3
B_Zkzmo—h c10
N S1 £h 0.56
b4 i¢
5
s SCR1
fg TiCio60
AN ,-\ O+VnuT
Rz YWYy
o * 330K o4 kY
047 o
—x L oy
. c8 2500
1 > R3
203 4 D2 L o3
OWATT & 2 0ok Xevn  Einaa
ZENER
&——0—Vour

TABLE 1—OUTPUT CURRENT/VOLTAGE AT SPECIFIED LOADS

Load

Cap?;lgnce 100 Ohms 200 Ohms 1000 Ohms
o | o o e [ ]

1 3.2 K| 6.0 29 25 24

2 6.4 61 11.2 54 41 41

3 9.0 87 16.1 78 52 b2

4 11.8 113 207 100 61 61

5 15.5 147 24.7 120 67 - 67

6 17.8 169 28.6 140 68 68

7 18.5 176 31.9 1585 69.4 68

8 20.3 195 36.8 173 o [l

9 22.8 220 41.0 193 70 71

10 24.9 238 420 204 b4l 71
" 271 259 449 219 — -
14 33.0 317 52.7 257 — -
20 43.5 422 65.8 322 — —

POPULAR ELECTRONICS Flg. 68-4

-An SCR fires on the positive half cycles of the ac line voltage, Switched capacitors are used to se-
lect the output voltage. These must all be ac-rated, nenpolarized types.
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+5-V AT 1.5- TO 3-A SUPPLY, +6- TO +15-V INPUT

ONFIFE ] - INPUT
Mt éaz V= B9 TO 1557
"(uz S 100k
NS4 " 19 i‘L 2 ’-—ﬁm n » c2
s 100k Ve VSEL  FREQ T L TpF
J caa s = =
]
=3 R1
! SLOPE e
h, LYW £se 5V @ 3A: 2 OF CTH20-4 IN PARALLEL 1&1}4)
= NN 5V @ 158 CTX204 COILTRONICS {20uH;
6 MAX7410 17
VREF ouTe —/Wv—! BuPUT
A4 I V@ 15ATO 3
550 5
L worTeeel
S8 EAIN T
e
n
DuTY Vour > T
a
B2 g
1] ey 159k
o GND DRV~ A7
71 s e[ 10k
= = = = = 01: N5Q62A03, SCHOTTEY
MAXIM Fig. 68-5

Operating efficiencies of 80 10 90% are possible using the MAX741D and this circuit.

TRANSFORMERLESS dc POWER SUPPLY I

R1
e —0+
121w l 4:[. 1000 yF Dc

R23 39 k) R5 3 10 kQCl 15V output

D1Z 1N4003 r——I——O -

R
R3§
SCR
115 Vac -/ MCR1304-4
cz_[ -
McGRAW-HILL Fig. 68-6

Although it is simple, this supply can provide 10 to 15 V af 100 mA directly from the ac lines. This
cireuit has no isolation from the ac line; therefore, there is a shock hazard and it should only be used
where no possibility of contacting external devices, circuits, or personnel exists,
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FAST 3.3-V REGULATOR

THERMALLOY T T e e mm e —m— e 1
70208-MT i PLAGE IN SOCKET CAVITY i
475V T0 ANNNN I :
525V " i N 1| mcroprocessoR
L+ C1.C2 +] c4 1+] cstocio | critoco 1 LOAD
220uF LT1585GT-3.38 1200uF I 220uF o WF |
v [ sy U T A e !
= SANYO 0S-CON = NICMICONPL | = AVKTPS = AvXYsvosos |
Zx GND | 6x 0% ]
1 e e e _I
— DWB? Fo
AVX GORPDRATION: (803) 448-3411
NICHICEN {AMERICA) CORPORATION: (708) 843-7500
SANYO VIDEO COMPONENTS (USA) CORPORATION: (619) 661-5327
THERMALLOY INCORPORATED: (214) 243-4321
FOR CORRECT OPERATIGN OF MICROPROGESSOR, DO NOT SUBSTITUTE COMPONENTS
LINEAR TECHNOLOGY Fig. 68-7

New high-performance microprocessors require a fresh look at power-supply transient response.
The LT1585 linear regulator features 1% initial accuracy, excellent termperature drift and load regu-
lation, and virtually perfect line regulation. Complementing superb dec characteristics, the LT1585
exhibits extremely fast response to transients. Transient response is affected by more than the reg-
ulator itself. Stray inductances in the layout and bypass capacitors, as well as capacitor ESR domi-
nate the response during the first 400 ns of transient.

The figure shows a bypassing scheme developed to meet all the requirements for the Intel P44C-VR
ricroprocessor. Input, capacitors C1 and C2 function primarily to decouple load iransients from the 5V
logic supply. The values used here are optimized for a typical 5-V desktop computer “silver box” power-
supply input. C5 to C10 provide bulk capacitance at low ESR and ESL, and C11 to 20 keep the capac-
itance at low ESR-and ESL low at high (>100 kHz) frequencies. Cdis a darmper and it minimizes ringing
during setting. Trace C is the load current step, which is essentially flat at 4 A with a 20-ns rise time.

Trace A is the output settling response at 20 mV per division. Cursor trace B marks —46 mV rel-
ative to the initial output voltage. At the onset of load current, the microprocessor socket voltage
dips to —38 mV as a result of inductive effects in the board and capacitors, and the ESR of the ca-
pacitors. The inductive effects persist for approximately 400 ns. For the next 3 s, the output droops
as the load current drains the bypass capacitors. The trend then reverses as the LT1585 catches up
with the load demand, and the output settles after approximately 50 ps. Running 4 A with a 1,7-V
drop, the regulator dissipates 6.8 W.
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POWER SUPPLY FOR HIGH-POWER AUTOSOUND AMP
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12 VOITS (CONTROL) “ immm\ D106 1N4002
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K g 10 (104 =
& AN 1000pF

RADIO-ELECTRONICS

D19z

. ce

1000 F

Fig. 68-8

A switching mode inverter is used with a pulse-width modulation voltage regulator (SG35260).
Four IRF240 power MOSFETs are used as switches. The output is +47 V at about 5 A peak. Trans-
former T101 is a four-turn center tapped primary, and 16-turn center tapped secondary on a Ferrox

cube ETD-34 core.

IC REGULATOR PROTECTION

o1
1N4002
LMY
v vin o Vour
w AD)

02

1N4DDZ
NATIONAL SEMICONDUCTOR

This circuit protects an IC regulator against various fault conditions.

R2
Vout = 1.25¥ (1 + E) + AZeispy

D1 protects against C1 (input.shorts)
D2 protecis against C2 {output shorts}

Fig. 68-9
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3.3-V SWITCHING REGULATOR
4.5 TO 55V

NPUT +| o

oo L 3 T ZuF 3
b 1 T 1000F v —
- = N B

L] P — 1 al

[ SAuTooWR Pomvf__—h_ -
= L1
LT1148-33 S0uH H2
0.050 a3y
—TYY r AMA/ :
5 SENSE* v - 2A
Ith I
- ionF
sense™ |- L
f; - +| o7
T 20uF 2
4 1 = M | 0v
" | o r N DRIV _lm, $i%470DY ‘*’ MBRS140T3 1
33nF aTOpF SGND  PGND
| X7R l NPO ] 112 ON74 rFOZ
LINEAR TECHNOLOGY Fig. 68-10

For the 1.T1129-3.3, dissipation amounts to aliftle under 1.5 W at full output current. The 5-lead
surface-mount DD package handles this without the aid of a heatsink, provided that the device is
mounted over at least 2500 mm? of ground or power-supply plane. Efficiency is around 62%; dissi-
pation in linear regulators becomes prohibitive at higher current levels, where they are supplanted
by high-efficiency switching regulators. The synchronous buck converter is implemented with an
LTC1148-3.3 converter. The LTC1148 uses both Burst Mode™ operation and continuous, constant
olf-time control to regulate the output voltage, and maintain high efficiency across a wide range of
output loading conditions.

NE602 POWER-SUPPLY OPTIONS

+4.5-8.0V +9v +8-18V

A1 8 A1 8 A1
150€2 K 1K

(OPTIONAL) NEB02 NEBO2

D1

o 3 C1 3 g.2v
G4yl 0.04pF 0.4W

a B ¢
RADIO-ELECTRONICS Fig. 68-11

Here, Figs. 68-11A through 68-11C show an RC-filter used as both current limiter {(R1) and in-
tegrator (C1), as well as for isolation. In Fig. 68-11A, +4.5 to 8.0 Vdc is the normal operating range
of the NEG02. In Fig. 68-11B, R1 drops voltage, and is used because a +9-V battery can go higher, and
a +9-V wall supply can produce up to 11 V. In Fig. 68-11C, a +8- to 18-Vdc supply is regulated using
a 8.2-V Zener for D1.
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SIMPLE 9-V SUPPLY

IN4002 <
IN4002

LM7805 _ o
heatsinked —L +
g i 01— 0.01 >2200
uF
120112V woo+ T T 19 gV
1 A fused v “TwF 0BA
25011 O
set for
avVv
> g ) —
WILLIAM SHEETS Fig. 68-12

This circuit uses an LM7805 with a resistive voltage divider in the common leg of the regulator.
The regulator can be “fooled” into producing an apparent higher output voltage in this manner. This
supply is usefu) for running radios, tape recorders, or other 9-V devices.

TRACKING POWER SUPPLY
+40 'V unregulate_d

300 pF
R1
380 k
LM101 > — "V, (reg)
INGG D1
f 66 A3
‘ 18k
R2
75k A4
15 k §39 k

» P.S.C.

R7
39Kk

6 - 7V°,_,1(I’Bg}

Output voltage is variable from =5 V to
+36 V.

Negative output tracks positive output to
—40 V unregulated within the ratio of R6 to R7.

NATIONAL SEMICONDUCTOR Fig. 68-13

Two op amps are used in this basic op-amp regulator circuit. The outputs can be fed to-current
amplifier stages or emitter followers, if needed.
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POWER EFFICIENT VOLTAGE REGULATOR

+) Ry 1AL 2

A i $14330¥
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(‘.r} _9 Sense |eommon
Foree

ELECTRONIC DESIGN Fig. 68-14

Included in the many features of this power-efficient, voltage-regulator circuit is shutdown
power control with a current output up to several hundred milliamperes (expandable to amperes, if
desired). Current lirniting can be preset to a fixed level for controlled dissipation in Q1 and the cir-
cuit requires no auxiliary voltage supply for the pass transistor.

LOW DROP-OUT REGULATOR

45V
- u2
+‘J, 5“ ‘ mm
1
-
i -t
] T~ 03
051 i § Angeo) ¢ R 10 .25V
h T L2 100k
25V T‘ F film (5K | Reterence
eammon
Vg tomma.: * o o]
o
v
ELECTRONIC DESIGN Fig. 68-15

This low-dropout reference produces a 4.5-V output from a supply just a few hundred millivolts
greater. With 1-mA dc loading, it maintains a stable 4.5-V output for inputs down to 4.7 V.
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SCR SWITCHING SUPPLY FOR COLOR TV RECEIVERS

1N4003 1N4003
500 uH 2N4442
0.01 pF MR 502
Ac input -_L
- MR 502
0.01 uF
2N4442
500 zH
SCR bridge rectifier

*T1 =} - 1 pulse transformer
Resistors —n shms. z W uniess specified
Capacitors—n 4F 400 V' unless specified.

McGRAW-HILL
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(" Fe— "0 1
120W 520W |
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{ J00V T 100V Ry § 224 MsD7o00| M¥lar
| i ]1k024300¢ e
L = =
— e ]
MPU
2400 Q s

0.003 uF
- I T1

Fig. 68-16

An cutput +80 V at up to 1.5 A is available from this supply. A minimum load of 200 mA is required because of the SCR hold-
ing current. Notice that no ac line isolation is provided and a shock hazard exists.




REGULATOR CIRCUIT FOR BILATERAL SOURCE/LOAD POWER SYSTEM

Power-Switching

Culput Valtaga Devices
Measured Here Current Sensar
L Current-1o- Currenl-Errer
; 1‘ l Mu Voltage Anplifier
- : s | ]: Amplifier Convartar - Load
ourca| | ¥ | Clamg Vollage = [t sl P ulse-Width or
or = o | = Motulalar Sourca
Load | ° | + Yoltaga-Error , Voltags | |
N _ Ampidier Fo'ower ! '
| N I
4 1
| d
! 1
[ y | = 1
—3 : Cuoranl-Aetarence il Sl S
S - Veltage Offset ¥olaga
Qutpii-Reteranca 1 /l T 4!'_—07
Vollage Ramp-Wavefor~ =
Voltage
"NASA TECH BRIEFS Fig. 68-17

The figure shows a circuit that regulates an output voltage, regardless of the direction of flow of
output current. More specifically, it regulates the voltage at the left source or load, which can either
supply power to or receive power [rom the right load or source, depending on the voltages and the
direction of flow of current at the load/source terminals. .

The overall system can be characterized as a voltage-controlled current source with bilateral
current capability. The current flowing between the two source/loads, averaged over a power-switch-
ing cycle, is made to depend on the pulse-width modulation that governs the operation of the two
power-switching devices, and this pulse-width modulation is, in turn, a function of amplified current-
error and voltage-error signals. The voltage error is the dillerence between the actual output voltage
and the output-reference voltage, which is the nominal output voltage al zero current. The pulse-
width modulation is varied to increase or decrease the current, as needed, to limit the excursion of
output voltage from the reference value.

An additional feature of this control circuit is that the maximum current in either direction can
be limited by limiting the excursion of the output voliage from the zero-current value. Thus, exter-
nal current-imiting circuitry is not necessary.
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FAST 3.3-V ADJUSTABLE REGULATOR

3y
4?55\/223 . N ouT - . o 3 Aaa
' |+ c1.62 +| C5TOC10 | C11 10 C20
220pF LT1585CT R1 100uF 1F
10V 1100 10V B
= SANY0 OS-CON aND 05% T AvXTPS = AV Y5V 0805
2x 6 10x
4
—4 R2
18952
16V
i AVX X7R 0805 | 0%
LINEAR TECHNOLOGY Fig. 68-18

The adjustable version of the LT1585 makes it relatively easy to accommodate multiple micro-
processor power-supply voltage specifications. To retain the tight tolerance of the LT1585 internal
reference, a 0.5% resistor adjustment is recomunended. R1 is sized to carry approximately 10 mA
idling current {(£124 ), and R2 is calculated from:

where:

1,y =60 pand V, = 1.250 V.

TWO-TERMINAL 100-mA CURRENT REGULATOR

—* The circuit has a low temperature coefficient
and operates down to 3 V. The reverse hase cur-
s rent of the LM195 biases the circuit.

IN2222

[ -

A 2N2222 is used to control the voltage
across current-sensing resistor, R2 and diode D1,
Az and therefore the current through it. The voltage
across the sense network is the V. of the

2N2222 plus 1.2 V from the LM113. In the sense
Thaoa2 network, R2 sets the current and D1 compen-

LM

* - sates for the Vg of the transistor. Resistor R1
sets the current through the LM113 to 0.6 mA.

NATIONAL SEMICONDUCTOR Fig. 68-19
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AC
tunent

141,

Amplitude

Balance

10k, 10%

Phase 3% 0.1 pF,5
adjust I

10k
1% 5%

20k, 2%

TWO-PHASERECTIFIER

a0k 2% Notes:

A C7=0.9100.22 «F, 50V

Amplifier supply vollages: =15V

Al dindes = TNAO03

Al resistors are 1/4 W, except for:
Ri=50W

Balance-and Phase-Adjust pots = 3/4 W.

15k,

204 2%

2k, 2%

Lm74n 8,94

. 510k, 2%
15k,

Radians

A single-phase AG signal can be converted to two phase with this circuit. It rectifles and sums the signal to
a de voltage level.

ELECTRONIC DESIGN

The waveform generated by the two-phase rectifier illustrates that the ripple is less than half
that of a conventional single-phase circuit’s waveform. Also, the ripple frequency is double that of the
conventional circuit. The circuit will follow amplitude changes in the ac input signal very rapidly, and

Fig. 68-20

it works equally well with current or voltage inputs.
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LOW-NOISE 5-V SUPPLY

9-to-12-V >
input \\
& 4.7
Read LED™* + 4.7 p.F
‘ l
Z28D949*
In
LT1021-5 Out g:{éi?o'mﬁ‘
GND
J__ 10 uF
- T Ta
*Zetex Inc.

**Glows in current limit. Do not omit.

ELECTRONIC DESIGN Fig. 68-21

Standard three-terminal regulator ICs can be noisy. The key is the noise over the 10-Hz to 10-
kHz band; measurements revealed a 40-dB improvement over standard three-terminal regulators.

The regulator is built around a 5-V buried-Zener reference. It's the buried Zener’s inherently low
noise that makes the finished supply so quiet. Measured over a 10-Hz to 10-kHz band, the 5-V oul-
put contains just 7 wV rms of noise at full load. The 10-Hz to 10-kHz noise can be further reduced to
2.5 UV rms by adding a 100-pH, 1000-uF output filter. The noise characteristics of the reference are
tested and guaranteed to a maximum of 11 UV over the band of interest.

An external boost transistor, the ZBD949, provides gain to meet a 200-mA output cutrent re-
quirement. Current limiting is achieved by ballasting the pass transistor and clarping the base drive.
Although the oscillator only requires 200 mA, it’s possible to extend the output current to at least 1 A.

POSITIVE REGULATOR WITH 0- TO 70-V OUTPUT

The op amp has one input at ground and a

R
1.7k
'A"v

02

IN45T

[T
LW385
2.5V

AMA
Vi
R3
700

NATIONAL SEMICONDUCTOR

reference current drawn from its siimming junc-
tion. With this arrangement, the output voltage is
proportional to setting resistor RZ2. A negative
supply is used to operate the op amp within its
commen-mode range, providing zero output with
sink current and power a low-voltage bandgap
reference, D1. The current drawn from this sup-
ply is under 150 mA, except when sinking a load
current. The output load capacitor, CZ, is part of

Fig. 68-22 the op-amp frequency compensation.

491



SIMPLE 12-V POWER SUPPLY

[
T1
3A

BR1

S1l 16-18V

F1
1A

120 VAC

POPULAR ELECTRONICS Flg. 68-23

This 12-V power supply is easy-to-build, and it produces a smooth output. D1 is a 14-V, &-W
Zener dicde. The voltage can be varied by a few volts up or down to change the output voltage.

3.3 VFRCM 5-V LOGIC SUPPLIES

5 1
45V TO 55V = IN ut g— 33 ouT
T1129-3. |
R I P 2 3auF
— SHUTDOWN  SENSE T SOLID TANTALUM
GND .
DN73 e P
15
LINEAR TECHNOLOGY Fig. 68-24

Microprocessor chip sets and logic families that operate from 3.3-V supplies are gaining accep-
tance in both desktop and portable computers. Computing rates, and in most cases, the energy con-
sumed by these circuits, show a strong improvement over 5-V technology. The main power supply in
most systems ig still 5 V, necessitating a local 5-V to 3.3-V regulator. Linear regulators are viable so-
lutions at lower (/, <1 A) currents, but they must have a low dropout voltage in order to maintain reg-
ulation with a worst-case input of only 4.5 V. The figure shows a circuit that converts a 4.5-V minimuim
input to 3.3 V with an output tolerance of only 3% (100 mV). The LT1129-3.3 can handle up to 700
mA in surface-mount configurations, including both 16-pA shutdown and 50-pA standby currents for
system sleep modces. Unlike other linear regulators, the LT1128-3.3 combines hoth low-dropout and
low-voltage operation. Small input and output capacitors facilitate compact, surface-mount designs.
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12-V SUPPLY
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ELECTRONIC DESIGN J:l'g. 68-25

When driving a power MOSFET from a 5-V or 3.3-V system, a significant number of components
usually are needed to generate an extra +12 V.

It’s possible, however, to apply the second channel in a typical dual MOSFET driver to derive a
+12-V power supply. By using a driver with the drains brought to separated pins, you can connect an
inductor between the n-channel drain and the logic supply without connecting the p-channel device.

The driver operates as a standard flyback-style switched-mode circuit (see the figure). When
the output n-channel device is on, current starts flowing in the inductor, which stores energy. When
the n-channel device is turned off, current must continue flowing. Therefore, it flows through diode
D2 to charge up C1 and C2. As the cycle repeats, the C1 and C2 vollage rises until the Zener diode
prevents further voltage rise. This is necded 1o prevent the driver’s derived supply from excceding
the part's maximum voltage rating.

4- TO 70-V REGULATOR

¢ R
F.
St

e 2H2243

outr

This regulator operates from a single supply.
If the op amp is not able to control an overvoltage

- condition, the SCR will crowbar the cutput.
1™ z:Jasc i
'“'En‘qm_ | L Foeude
W SR} SR zuu,u‘[‘
Tak L7
- GNO
NATIONAL SEMICONDUCTOR Fig. 68-26
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SWITCHED POWER-CONTROL CIRCUITS

08y o————9
=

01 Sy -
Hpidvo— T Al = Switched ¥y

Vi tommon
('] o . . » [omman - Comenon
ELECTRONICS DESIGN Fig. 68-27

Load currents of a few milliamperes to amperes can be turned on and off by these switched
power-control circuits. The U2 CMOS inverter stage works as a simple power switch for load currents
less than 5 mA (Fig. 68-27A), allowing easy reference shutdown. If appreciably higher switched out-
put currents are called upon, an alternate CMOS Inverter driving a low-threshold PMOS device can
be used to switch currents of up to 1 A or more (Fig. 68-27B).

MULTIPLE ON-CARD REGULATOR ADJUSTER

LMIT
Vig—{Vin  Vour Your YiN—{¥iN  Your! Vour' Vin—{Vin  Vour voyr!
ADJ ) ADJ ADJ

?;u l 1N4002
—————— o

R2

L Al outputs within £ 100 mV
TMinimum load — 10 mA

NATIONAL SEMICONDUCTOR Fig. 68-28

This circuit allows one pot to control several on-card regulators for adjustment within £100 mV
of each other.
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SIMPLE 9-V POWER SUPPLY

IN4002
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+12V |
n oI
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S 1o T ow
T a0 Tw Tw
100 wF ¢ 500
3v 0 = )
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= = 9V output
WILLIAM SHEETS Fig. 68-29

This supply will provide 9-V transistor radios or cassettes from a 12-V auto electrical system.

+5-V AT 1-A SUPPLY WITH +3- TO +5-V INPUT

INPUT
ViN=2.7YTO5Y
A AAHLAA
— MAX741U
QN/OFF »
— swope FREQ
—1 SYNC V+
—1 VSEL auTA
1 PN auTe
b—1 vour DRV-
> 3 CSA
cg.l: . VR
1 —
[ult 37: 150% LvLO CsB
55 POL +
01(:2 -L 4
WL Lo DU =1 T eaoowr
T - EAD EAN |— e
r T 4700F
MAXIM Fig. 68-30

A MAX741U switching-mode power-supply controller and a switching FET Q1 are used to pro-
vide +5Vat 1 A.
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5-Vdc REGULATED SUPPLY

51
F1
2A Ic1
7805
Ac [
oy 5¥dC REG » - O
C 27040
= 1 calt +5Vdc
2200pF tuF Source
T s # T LED)
. ’ 0
McGRAW-HILL Fig. 68-31
BUFFERED REFERENCE SUPPLY
+3¥ OR MORE  O— p———0Q Vg7 = 1.235V
Ui = A, Anead, e:m = 1.236Y « (1 + R2AD)
‘ X S :
w
e
R
> 2raki
e L — = o} — o = — ~ O +1.235V (UNBUFFERED)
0.1uF
& Jheev nereRence %m
> G

Fig. 68-32

ANALOG DEVICES
This buffered reference (for 1.23 V or more) uses a supply voltage of greater than 3 V.

5-V LOGIC REGULATOR WITH ELECTRONIC SHUTDOWN

w117
Vi V=150 ViN  Vour peg——g— Your
W Y AD4 ov sv
R1
240
=] [ Q2 . . - .
ouf T —— LLF The circuit will shut down to 1.2 V under
% e aAA—1nt fault conditions.

L]

"Min output = 1.2v_I_

NATIONAL SEMICONDUCTOR Fig. 68-33
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12-Vde REGULATED SUPPLY

+12Vdc
Source
McGRAW-HILL Fig. 68-34
JUNKED TRANSISTOR REGULATORS
Y
™o FILTEHED!NDC SOURCE A
—_———
- 271
= (SAME AS R3)
7.5vDC
REGULATED
QUTPUT ¢ 8
Q)
i} T »
O ’ A *SEE TEXT B
POPULAR ELECTRONICS Fig. 68-35

Old transistors can make excellent regulators. Simply use one as a Zener to control the base cur-
rent to another transistor (Fig. 68-35A). If the pass transistor cannot supply enough current, you can
use two pass transistors in its place (Fig. 68-35B).

TELEPRINTER LOOP SUPPLY

26 VYaG 20 Ohm

259 P, 50 VOC Each

73 AMATEUR RADIO TODAY Fig. 68-36
A circuit to power a teleprinter, using transistors as current-controlling devices. The power sup-
ply used provides a constant current in a loop, normally 60 mA or 20 mA, depending on the machine.
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5-A CONSTANT-VOLTAGE SUPPLY

r— 8 Hji
R3 [ A4 Hioh
02703 0270 —<o*olow
ow 2w 852
at
Q2 ‘MJ2955
2NB549 at
RS D7
@ gvaz 1h4oos ¥ 7805
L) ™ 2 + A - _ N o
12[()]# s Regulated
de voltage
Vac u BR1
= 1 &
(b -
% 1000 wF 3%1 Fod c3 c4
50 St 0.01F [ 100 wF
Ri$ 50V
100013
Fig. 68-37

ELECTRONICS NOW
This constant-voltage supply has a variable output. It can supply more than 5 A, and has two

switchable current limits.
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69
Power Supply Circuits (High Voltage)

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates Lo the entry in the Sources section.

Fluorescent Lamp 12-V Supply
High-Voltage Regulator

Night-Vision Scope Power Supply
High-Voltage Power-Supply Control Circuit
-100-Vdc Supply

ac-Operated He-Ne Power Supply

HV Regulator with Foldback Current Limit
Kirlian Device Supply

High-Voltage Tripler

200-V Regulator

Pulse-Width Modulated Laser Supply
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FLUORESCENT LAMP 12-V SUPPLY

O’
81
1 c2 Rl
33 A 1.5K
,' v M AAA *-
b cs FROM
R A2 a7 - T
30 | 100 25WvDC _ | sarTERY
‘v‘v‘v ‘v‘v‘v 01 0
Re & 2N30B5H
70 e
0020000, 20
| 2 Laver 1% LAYER
23 TURNS 56 TURNS of;?
NO. 28 WIRE “NO. 22 WIRE o
3 LAYER 47 LAVER
163 TURNS 28 TURNS
NO. 28 WIRE NO. 28 WIRE
, FLUORESGENT
\ TUBE
POPULAR ELECTRONICS Fig. 69-1

This high-voltage power supply can operate fluorescent tubes from a 12-V source, even if the
tube has a defective filament. It essentially is an oscillator thal excites a home-made autotrans-
former. T1 is wound on a ferrite rod %" diameter by 1%" long, in layers. S2 is an optional lamp fila-
ment switch.,

HIGH-VOLTAGE REGULATOR

I
INJO55 — =

Vi = 8OV LMMD-15V Vour =48V
" O_T Ri 1 2 our

t 6§00 3 * Garmanium signal diods

o
el D2 la
03

|
I EPTY 15365 3812,
|

-—'— 01:F
L

—A—n . l b1 c2
z

NATIONAL SEMICONDUCTOR Fig. 69-2

This circuit produces 48 V from an 80-V irntput.
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NIGHT-VISION SCOPE POWER SUPPLY

HEAT
SINK
TOWARD
NE2

Ak
SCAt

€2 C370CE = 220pF TO 0.001uF/3kV
00470 p370 DY = BUYEDS
360V

R o
—A 100

NOTE 2

= WNOTES:
1-RED HY WIRE TO IMAGE TUBE
2-BLACK GROUND WIFE TO IMAGE TUBE

ELECTRONICS NOW Fig. 69-3

This high-voltage power supply has an inverter around @1 that supplies 150-V pulses to the con-
verter of SCR1 and 2. The oulput of T2 is a 4.5-kV pulse that is multiplied by the voltage-tripler net-
work {right) to produce 13.6 kV.

T1 is a 3-kC to 500-€ CT transistor audio transformer, T2 is a flash tube trigger transformer with
a 6-kV secondary.

HIGH-VOLTAGE POWER-SUPPLY CONTROL CIRCUIT

—=+12V
Relay DPDT 12V 150§
L, o—o——0NC ] ToHY

o—O——00 }control
A—C——0 NO | gircuit
=G

IN4D02,

10 ks
HY start

N.O. a5 sensitivity
.o
+12V - 2N3904 4.7 )
S KQ 3
470 11 + H.V.
- supply
= Trip point 3400 V
- 750 mA
IN4002
2)
WILLIAM SHEETS Fig. 69-4

To start the HV supply, $1 is pressed, latching the relay. The 10-kQ pot is set so that the relay
just latches, When'HV current becomes excessive (arc-over, etc.), an excessive voltage is developed
across the 10-Q WW pot, cutting off the 2N3904, causing the relay to unlateh. This circuit was used
in a 1000-W linear RT power amplifier.




-100-Vd¢ SUPPLY

+ +9-15V _100V
R2 il o3 4 Dt
56082 -0k 2 our
——
| 5

POPULAR ELECTRONICS Fig. 69-5
The combination Hartley oscillator/step-up transformer shown in A cah generate significant nega-

tive high-voltage—especially if the voltage output of the transformer is multiplied by the circuit in Fig.

69-58. T1 is a smail low-voltage filament transformer of around 4- to 10-Vac output, 120-V primary.

ac-OPERATED HE-NE POWER SUPPLY
51

18080
. 2 ‘Am; > I Anode
D2
Se;rllext OglF v
02

P C3

2A T
D3
AL i

Al
o | High-voltage Laser Tube
Tz | 33 output

2
.o; F i

2uF
& T
- pTthode

McGRAW-HILL Fig. 69-6
T1 is a 120-V to 1000-V step-up 60-Hz transformer. C1, C2, C3, C4 and D2 through D5 form a
voltage quadrupler. The initial voltage is 4 to 5 kV, which drops when the laser tube fires.
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HV REGULATOR WITH FOLDBACK CURRENT LIMIT

280V < Vi < 350V
ps
200
0%
n2
tN457
1NADO2
9
1NADe2
o :
N2907 :»g:
b3
Py Vour = 250V
SmA < lgyr < 150 mA
Rl
2k
1%
—te (2
. 1000 pF 2uF
i R2
€1
negfr— w1 SLM
1 -
NATIONAL SEMICONDUCTOR Fig. 69-7

The output current is sensed across R8. This is delivered Lo the current-limit amplifier through
R7, across which the foldback potential i3 developed by R6 with a threshold determined by D4. The
values given limit the peak power below 20 W and shut off the pass transistors when the voltage
across them exceeds 310 V. With unregulated input voltages above this value, start-up is initiated
solcly by the current through R5. Q4 is added to provide some control on current before A2 has time
fo react.

The circuit is stable with-an output capacitor greater than about 2 pF. Spurious oscillations in
current limit are suppressed by C2 and R4, while a strange, latch-mode oscillation coming out of cur-
rent limit is killed with C1 and R1.
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KIRLIAN DEVICE SUPPLY

IC1
Volage
regulator

SW1 on/joff =
7805
|. S$W2 discharge =)
TR1 L C1
sy

1000 uF

ic2

0.450A 24V 2 3
HV oo V.. Rectifier V..

TR2

e

McGRAW-HILL Fig. 69-8

This device is essentially a high-voltage variable-frequency ac supply. A C1D4049 IC multivibrator
cireuit drives a Darlington connected transistor pair, which drives TR2, an HV transformer.

-HIGH-VOLTAGE TRIPLER

C1 through C6
150pF 3kV
Ay | N 31
O—Ji , 71 7|
Ac
Input
o ) 1 ) : ) Ir OHV output
D1 through D6
kv
McGRAW-HILL Flg. 69-9

This tripler is useful for low-current and high-voltage applications. The capacitors can be 0.001-
ul, 3- to 6-kV discs, and the diode’s 3-kV units, or three each IN4007 in series.
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R2
¥, =V
OUT"’R1 REF

200-V REGULATOR

Vi > 200V

Mg

+ 7
A s
Lm0 ! 0z
2NRE1]
- ]
1
> Vour = 200V
2o
]
-3
» A2
P e H] o
—rum w S
’ COMMON
NATIONAL SEMICONDUCTOR Fig. 69-10

With high-voltage regulators, powering on
the TIC through the drive resistor for the pass
transistors can become quite inefficient. This is
avoided with the circuit shown. The supply cur-
rent for the IC is derived from Q1. This allows R4
10 be increased by an order of magnitude without
affecting the dropout voltage.

Selection of the output transistors wil de-
pend on voltage requirements. For output volt-
ages above 200 V, it might be more cconomical to
cascade lower-voltage transistors.

PULSE-WIDTH MODULATED LASER SUPPLY

[» X2V

ICL

LM555
cd]
HpF
113 es
McGRAW-HILL

R1t
T5K0Q

Llur'l‘ulz_h
Arvode

Fig. 69-11

IC1 initially provides drive for Q1 and HV transformer T1, and it rectifies D4 through D19. When
the laser tube ignites, Q2 is triggered; this activates relay RL1, reducing the duty cycle. R13 controls
the duty cycle of the pulses through the laser tube.
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70

Power Supply
Circuits (Multiple Output)

The sources of the following circuits are contained in the Sources section, which begins on page
706. The figure number in the box of each circuit correlates to the entry in the Sources section.

Experimenter’s Power Supply

Quad Power Supply

Activate Back-Up Power Supply

CCFL Supply with Variable Contrast

dc Power Source for Experiments

Stable VF'O Power Supply

High-Efficiency Triple-Output Supply for Notebook Computers
General-Purpose Power Supply for Automotive Projects

+15-V Power Supply
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EXPERIMENTER'S POWER SUPPLY

51 T

FQR LED CURRENT LINITING

RIC, RIG=(Yout-.71/.015
SEE TEXT
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200uf
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* NOTE: Capacitors C14-C25 are mounted {n
the output voitaqge terminals

73 AMATEUR RADIO TODAY

-~ s
Ior [+ & _Jcis® [ czan N

470 J3 -

=

D55

/-
_Lcion jrose N
a70

J&
|,‘ I :
'

Fig. 70-1

Passive linear IC regulators are used to make up a supply delivering +12, +9, +5, -5, -9, and -12

Vde. T1 and T2 are 12-V, 3-A transformers.
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QUAD POWER SUPPLY

81
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F1
SA
AC i — Negative Rail
Plug

=0 Ground Rail

IC1 7812
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+12V
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1C3 7808
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McGRAW-HILL

Fig. 70-2
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60S

ACTIVATE BACK-UP POWER SUPPLY

o
K +HEVde 17730, +vdco
B +15Vds | -0

e oo |
v 3 1 -15 ¥ dc out
A -15Vde : © 'H.o rg)
ol ; by f | g
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m] ¢4 [+ B Re N L .G, = 0.1 ,F ceramic
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Ground y , =1%, 1/ WiexceptR,q)
Positive defector Negalive delector ~© Ground
ELECTRONIC DESIGN Fig. 70-3

A circuit, which can be built around two TI TL7702 chips, monitors a 15-V power supply and activates a relay to turn on a
back-up supply if the voltage drops below +14.1 V. With the back-up in place, the malfunctioning supply can be replaced without.
any down time. The TL7702 power-supply voltage supervisor chips are intended for use as reset controllers in microprocessor
systermns, but they work well in their modified form for this application.

One chip detects the positive supply (U1}, and the other is used for the negative (U2). A pair of output-relay drive transistors, @1
and Q2, form a wired OR circuit so that relay K1 is activated by the positive or negative voltage detector that switches Ul or U2 on.

The supervisor chips have a direct connection to the input corparator 5o that the trigger level is set by a resistor-divider network
(R1 and R2) at the sense-input pin. These chips also have an internal, stable, reference-voltage source set at +2.53 V, typical. The pos-
itive-sensed voltage drops enough to activdte the comparator, its output goes low, switches tHe internal gate, and triggers the silicon-
controlled rectifier (SCR). The output comparator then forces the two gutput transistors to switch, one high and one low. The cutput
transistor (pin 5) turns on the light-emitting diode (LED), and the output transistor {pin 6) turns on the relay driver, Q1.

The negative detector is preceded by half of the dual op amp LM358N (U3a)—an inverting amplifier with a gain of -0.178. R
connects to the - 15 Vdc being sensed. The outplit of U3a is usually set at 2.67 V, higher than the +2 .53-V reference voltage. There-
fore, no switching occurs. If the —15-Vde voltage decreases, U2 switches 2 and activates K1 in the same manner as described for
the U1-Q1 positive detector. R3, R4, and R8 through R10 serve as current-limiting resistors.




CCFL SUPPLY WITH VARIABLE CONTRAST

ALUMMUM ELECTROLYTIC IS RECOMMENDED FOR C3B WiTH AN
ESR 2 0.561 TO PREVENT DAMAGE TO THE LT1182 HiGH-SIDE
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PaNp LD Vsw RO, 490, 1% | RT0_0K 1% 120K 1%
5v 4.'-' "7 A'A'-' ." W 1neaan
LINEAR TECHNOLOGY Fig. 70-4

The figure is a complete floating CCFL circuit with variable negative/variable positive-conirast
voltage capability, based on the LT1182, Lamp current is programmable [rom 0 mA to 6 mA using a
0-to 5-V 1-kHz PWM signal at 0% to 90% duty cycle. LCD contrast output voltage polarity is deter-
mined by which side of the transformer secondary (either POSCON or NEGCON) the output con-
nector grounds. In either case, LCD contrast output vellage is variable from an absolute value of 10
V10 30 V. The input supply voltage range is 8 V to 28 V. The CCFL converter is optimized for photo-
metric output per watt of input power. CCFL electrical efficiency up to"90% is possible and requires
strict attention to detail. LCI} contrast efficiency is 82% at full power.
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dc POWER SOURCE FOR EXPERIMENTS

12V
-+ Front O Ic1
view 1C2
Spring clips regulator IC3

w10 o

McGRAW-HILL Fig. 70-5
This supply uses IC regulators to supply +5, +6, +3, and +12 volts regulated from a nominal 12-V

supply.

STABLE VFO POWER SUPPLY

+6VDC REGULATED +12VDC REGULATED
ol ue 1 N o]  wu | +15VUNREGULATED
78106 7812 DG POWER

C‘? c2 i G * (93] G
'al ! !‘ :[‘ 10

b *4. G4

RF ALL OTHER 100

OSCILLATCR CIROUITS

=

POPULAR ELECTRONICS Fig. 70-6
A dc power-distribution system for a stable oscillator should use a separate voltage regulator just
for the oscillator eircuit.
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HIGH-EFFICIENCY TRIPLE-QUTPUT SUPPLY FOR NOTEBOOK COMPUTERS
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L1 COILTRONICS CTX-33-4 |
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PRIMARY: SECONDAAY = 1:1.8 & Vin »
DALE LPE-6562-A026 T GHD s
LINEAR TECHNOLOGY

Fig. 70-7
The circuit is configured to provide output voltages of 3.3 V, 5V, and 12 V. The current capability of both the 3.3-V and 5-V
outputs is 2 A (2.5 A peak). The logic controlled 12-V output can provide 150 mA (200 mA peak), which is ideal for flash memory
applications. The operating efficiency shown in the figure exceeds 90% for both the 3.3-V and 5-V sections.
The 3.3-V section for the cireuit in the figure is comprised of the main switch Q4, synchronous switch Q5, inductor L1, and
current shunt £, ... Current-sense resistor £ pnsp Monitors the inductor current and is used to set the output current accord-
ing to the formula OUT = 100 MV/Ropyop. Advantages of current control include excellent line and load transient rejection, inher-

ent short-circuit protection, and controlled start-up currents. Peak inductor currents for L1 and T1 for the circuit in the figure are
limited to 150 mV/R o or 3.0 A and 3.75 A, respectively.




GENERAL-PURPOSE POWER SUPPLY FOR AUTOMOTIVE PROJECTS

Py o Buffered
Ri § chg car voltage
27004
T 1 tooonE
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1 >
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(seetext) R4 voltage
: 2700
Chassis - 0 Chassis
ground ground

ELECTRONICS NOW

Fig. 70-8

This supply produces 12 V and 5 V for a variety of automotive projects. F4 is connected directly
to the alternator field winding (usable only if your car has a separate regulator).

1
F 28V
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117V AC ?“?

+15-V POWER SUPPLY .
BRI 1 g
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2200 I ta
15

5v

i
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g

RADIO-ELECTRONICS

——0 COMMDN
=

Fig. 70-9

A simple bridge rectifier feeds two IC regulators. This circuit should be useful for op-amp circuitry.

513



71

Power Supply Circuits
(Variable Output)

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

514

Variable Voltage Regulator with Current Crowbar Limiting
Adjustable 0- to 5-V Supply

Transceiver Power Supply for Variable Lab Source
Adjustable Power Supply

Variable-Voltage Regulator with Wide-Range Current Limiting
General-Purpose (- 1o 30-V Power Supply

Adjustable Positive Regulator

Adjustable Bias Regulator



VARIABLE VOLTAGE REGULATOR WITH CURRENT CROWBAR LIMITING

. AN
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B
POPULAR ELECTRONICS Fig. 71-1

The variable voltage regulator with current-crowbar limiting, shown in Fig. 71-1A, overcomes
the disadvantages of constant and foldback limiting. As you can see in the graph (Fig. 71-1B), the
current crowbar quickly shuts down the supplied power when a preset current is exceeded. It also
has excellent load regulation over its operating range.
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ADJUSTABLE 0- TO 5-V SUPPLY
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ELECTRONIC DESIGN Fig. 71-2

Although linear-regulator ICs are frequently used in variable power-supply applications, they
might not_always be the best choice. At low output voltages, power losses in these regulators can
‘cause headaches for designers. For example, if an output current of 1.25 A is required at 1.25 V from
an input of 8 V. a regulator (such as the LT317) dissipates more than 10 W.

The figure depicts a de-de converter that functionally replaces a linear regulator in the just de-
scribed application. The converter not only eliminates the problem of power loss, but it can be ad-
Justed for output voltages (as low as 25 mV) while delivering an output current of 1.5 A.

The circuit uses a basic positive-buck topology with one exception. A control voltage is applied
through R4 to the feedback summing node at pin 1 of the LT1076 regulator IC, making it possible to ad-
just the output from 0 V to approximately 6 V. This range encompasses the 3.3-V and 5-V logic supply
voltages for portable and desktop equipment, as well as battery-pack combinations of one to four cells.

As R4 is driven from 0 to 5 V by the buffer (U1), morc or less current, is reguired from R2 to sat-
isfy the loop’s desire to hold the feedback summing point at 2.87 V. This forces the converter’s out-
put to swing over the range of 8 to 6 V.

The LT1076 is capable of 1.75-A guaranteed output current in this application, and 2 A is typi-
cal. If more current is required, the LT1074 can be substituted for the 1/T1076.
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TRANSCEIVER POWER SUPPLY FOR VARIABLE LAB SOURCE

R1
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1 2900Q s +]0-158
0.33 0 v
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=M
RS
OUTPUT
LEVEL 2.5 k0
2w
% See text and caption
% Heat Sink
=)} i
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c (Come)/ 5
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B E L N L
11 3 (o)
ADJ \1 \H‘ L] e
2
out
(Tab)
Bottom
Top View Views

QsT

Fig. 71-3

A variable voltage regulator provides 1 to 11 Vdc for lab bench work, using an existing 13.8-V

transceiver supply.

ADJUSTABLE POWER SUPPLY

On-off 2-A fuse

IN4002

120:04 V )
1A

WILLIAM SHEETS

+1.5t0 22 Vdc

™ 38V

.

’ ’ LM317 . . o+
2000 wF |
220 ()
: 1 WF
50 V
5-k(2 0.22

pot T pF
» . * —0-

Fig. 71-4

Using an LM317, this supply delivers 1.25 to 29 Vde for various purposes. The LM317 should be
heatsinked. This supply will deliver 600-mA output current.
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VARIABLE-VOLTAGE REGULATOR WiTH WIDE-RANGE CURRENT LIMITING

Vour
vﬂ
+24v T
7 Ra =0
1K 10

AAA
ey

In this circuit, R9 acts as a control to set cur-
rent limiting. If By = 0, limiting occurs at 47 mA.
Input is 24 V, output is

Ry + Re) (3.9)
&,
depending on the sctting of R6.
7 _@zm
3.3K f
‘VA"' RB
= 10K 5:‘1
POPULAR ELECTRONICS Fig. 71-5
GENERAL-PURPOSE ADJUSTABLE POSITIVE REGULATOR
0- TO 30-V POWER SUPPLY
LM317
Vig 2 33V O Viy . JVout . g >
3 * e |
10 uF o 24 R2
T~ AR = Vour = {1435 ) Yo
1 e _,»
-:l.nmc’t =E 560 ~
400
-1 TO -10Y
-NATIONAL SEMICONDUCTOR Fig. 71-6 | NATIONAL SEMICONDUCTOR Fig. 71-7
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ADJUSTABLE BIAS REGULATOR

+

Ry lls /g > bias current
of power stage

* Vias 10 power stage

Bias *Thermally connected
transistor® to power stage

WILLIAM SHEETS Fig. 71-8

If the wiper of R2 is set at N% rotation, the bias voltage will be:
R, + NR,
Veus = Vie
R +R,

V.

R,
V BIAS MAX — R] n R2 VBE

v, EE

BIAS MINT

This method derives a bias voltage that tracks V,, of this bias transistor. If the bias transistor.is
thermally linked to the power stage, tracking over a wide temperature range will result.
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72

Probe Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each ¢ircuil correlates to the enfry in the Sources section.

520

Current Probe Amplifier

Simple Logic Probe with Alphanumeric Digplay
Simple RF Probe

125-MHz Logic Probe

pH Probe Amplifier

8-Digit 100-MHz Frequency Probe



CURRENT PROBE AMPLIFIER

O +4Y
Gy, 330nF -
6 | ]
-
19 pF
M~ ) aa L ann T da AT g | Mo N
probe Te
osciliostope
Ry
16]!
1t
= G2 T 104F
Box - OF 1
ELECTRONIC DESIGN Fig. 72-1

A clamp-on current probe, such as the Tektronix P6021, is a useful means of displaying current
waveforms on an oscilloscope. A less-cxpensive and simple alternative is shown in the figure.

The more sensitive range on the PB021 is 2 mA/mV, but it has a roll-off of 6-dB per octave below
450 Hz. The purpose of the compensator is to counteract the low-Irequency attenuation, which is
achieved by means of 03 and R4 + P1 in the feedback around op amp N1. It's important that the lat-
ter is a low-noise type, such as the LM725 shown in the figure. On top of that, it’s necessary at some
point to limit the increasing gain with decreasing frequency; otherwise, amplifier noise and drive will
overcome the signal. The values shown for C, and R, give a lower limit of less than 1 Hz.

A test square wave of +1 mA is fed to the current probe so that P1 can be adjusted for minimum
droop or overshoot in the output waveform. It's vital that the sliding core on the probe is fully closed.
At high [requencies, the response begins to fall off at 100 kHz. Therefore, for most waveforms, switch
81 is moved to “direct,” above a fundamental frequency of, for example, 10 kHz.

This circuit’s current. consumption is quite low, and it can be battery powered. If a mains power
supply is built-in, it must be well screened to prevent hum problems.
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SIMPLE LOGIC PROBE WITH ALPHANUMERIC DISPLAY

+5V
AAA
yy
R1
2209
W LED1
+
1 iCt-a IC1-b GREEN (LO)
© 1/8 7404 16 7404 —@-—ﬁ
‘:\ LEDZ
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= ./

1

{ TQ PINS 2/3 :

| 9 !

| I

| —_— —_— |

I ! b fl | i

I L 1 :

: o} 1e e} | |

I i_ 1 | S ;

| : |
t

: L &—-CTOPING

1

! HIGH LOW !
b e o e e e e |

OPTIONAL DISPLAY

ELECTRONICS NOW Fig. 72-2

Alogic probe also includes BCD decoder module. The red LED lights to indicate a logic high, and
the green LED lights to indicate a logic low. This probe circuit will light a green (low) or red (hlgh)
and if desired, an alphanumeric display can be obtained with two 7-segment, LED displays.

SIMPLE RF PROBE

Your VTVM can measure peak voltage up to
s 200 MHz by using this probe. The maximum RF
that, can be measured is détermined by the diode;
with a IN60, the probe is limited to 30 V. To in-

20Mm

172w crease the capacity, substitute a higher-voltage
small-signal detector diode. House the circuit in a
@ 310 metal enclosure and use shielded wire.
VTuM

73 AMATEUR RADIC TODAY Fig. 72-3
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125-MHz LOGIC PROBE

45V
R4
PROBE 91K
TIP
Q1
2N3604 114 T4FO2
iy
5 3 Ul 1
I T4F02 ED
At & = kA LED1
am$ J‘Ys' o- P Y RED
! Y
& R2 BZ1 :
R3 LED2
$ 4100 1500 |GREEN \}‘
—MN—
POPULAR ELECTRONICS Fig. 72-4

This logic probe features either high-low (LED) indication er latching operation. When S1 is
closed, the indication of a pulse is latched and the red LED1 stays on. Piezoelectric buzzer BZ1is
used as a beeper to sound that a logic high is preset,

pH PROBE AMPLIFIER

Vg ADJUST

00K +vs‘—T +15V
0. 1uF

coM
I a1pF

— 15V

QUTPUT
O WOLT/pH UNIT

19.600
RT

1kQ
+ Astoppm/ °C

ANALOG DEVICES Fig. 72-5

The low-noise precision FET op-amp AD795 has around 1014-Q common-mode impedance, low-
offset voltage (250 uV__ ) and L13 pV,, drift make this device ideal for low-voltage measurements
from high-irmpedance sources.
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¥2s

8-DIGIT 100-MHz FREQUENCY PROBE
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001 & 7 1560 10MEG 1MHz
(RED) =, ey +5v-—J il +5V +5V

RADIO-ELECTRONICS

Fig. 72-6
Small enough to mount in a probe, this frequency counter circuit is good to 100 MHz. It operates from +5 to +15 Vde. An
11C90 prescaler drives a 10-MHz counter chip (ICM7216B). Note the dotted line connecting R10 with pins 5 and 6 of IC2; that

variable connection controls the decimal point and total count appearing on DSP1 and DSP2. The relative intensities and dura-
tions of ON/OFF time for LED1 (green) and LED2 (red) give a rough indication of logic level and duty cycle.
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Protection Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources sectior.

Short-Circuit Protection Circuit
Polarity Protector
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SHORT-CIRCUIT PROTECTION CIRCUIT

OUTPUT
TG POWERED
DEVICE
REGULATED [© _T.
DC INPUT -
FROM
POWER SUPPLY
QUTPUT o LED1
(RED)
o)
‘V‘I ’
O
24-VOLT
FILTERED
DC INPUT LED2 GD
FROM
BRIDGE (GREEN) \\
o—4qg
D3
1N4001 ¥

POPULAR ELECTRONICS Fig. 73-1

When 51 is pressed, the coil of K1 is energized, closing its normally open contacts. If the regu-
lated de input is between 1 and 24 V, that voltage feeds the base of Q1 through R1, turning on the
transistor, and latching the relay. When that occurs, LED2 glows indicating that all is okay.

If there is a short to ground at the circuit’s output (i.e., in the device being powered), the volt-
age that feeds the base of Q1 goes to zero, turning off the transistor. Then, LED1 glows because K1

is de-energized to indicate the short circuit.

POLARITY PROTECTOR

From dc
source

The use of a four-diode bridge guarantees

dc qut to . . . .
o equipment  correct polarity irrespective of input de polarity.
Remember that two diode drops {(about, 1.2 to 1.5
All diodes | V) are lost from the input voltage using this cir-
IN40O7 - -0 - cuit.
WILLIAM SHEETS Fig. 73-2
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74

Radar Detector Circuits

The sources ol the following circuits arc contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section,

Display Board for Radar Gun
2.6-GHz Oscillator for Radar Speed Gun
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DISPLAY BOARD FOR RADAR GUN
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e 'l D 1/44093
1 8 \2v 43
i * POWER
223“ = Q {(12vDC)
Q o—
= 02 -
1Nao0r & r-o——ﬂ
*SEE TEXT
POPULAR ELECTRONICS Fig. 74-1

This circuit takes signal (doppler) from a-radar gun, amplifies and limits it, and feeds the fre-
quency into a counter (U4) and display circuit (DISP1, DISP2, U5, 1U8). Caunter calibration is set by
clock circuit U2B. Calibration is obtained via R21 and R22. R21 can be changed if kilometers/hour
readout is desired.
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2.6-GHz OSCILLATOR FOR RADAR SPEED GUN

METAL-CAN
ASSEMBLY*

r— - - h
| MICROSTRIP* |
| |
| = I
| I
I |
| MICROSTRIP® |
l MICROSTRIP® t
| I
I I
| I
I I
L o e e -
*SEE TEXT
POPULAR ELECTRONICS Fig. 74-2

This circuit consists of 2.6-GHz oscillator Q2, a coupling microstripline to ANT1, a 1.1" 4-wave
probe, detector D2, and audio amp Q1. The oscillator feeds power to the-antenna, which radiates the
signal. The reflected signal from a moving target mixes with the oscillator signal in D2. The resultant
beat note (doppler shift) is amplified by Q1 and fed to jack J1, which is used to feed the circuit 12 Vdc.
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Radiation Detector Circuits

The sources of the following circuils are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Geiger Counier

Voltage Tripler for Radon Detector Ionization Chamber
Flyback Power Supply for Radon Monitor

Radon Monitor Amplifier and Head
Ion Detector
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GEIGER COUNTER

V. +v,,
oj = b
s 1Ic1 t0 9 T

1 4049 R1

=ov 12345678 22 kR

el l 4 8&7 Ve

cB . ;;7 L R2 Ti
3] 1cz Dl
200 uF > 555 y kQ R3 HY 5oy
[ I’ 6 14_? Transformer N

1
Headphone jack 22% 4R

200 V Zener

100 V Zener

+v,,
}_3 Q1
0.047 uF RFE 511 ﬁ Ccs
| : D6 1 :
, T Q2 >_f)—j
/) C2 Tip 120 I 3%
spk 0.01 yF < R5 77 GMube
S 100kR
1: RG
S 10 kR
McGRAW-HILL Fig. 75-1

An HV generator (IC1, IC2, Q1, T1, and associated components) power a G-M tube. A pulse from
the GM tube is interfaced through Q2 and 1IC1 to pulse generator IC3, which drives a speaker.

VOLTAGE TRIPLER FOR RADON
DETECTOR IONIZATION CHAMBER

GROUND 47K

COMMON
CAPACITORS ARE 250V

ELECTRONICS NOW Fig. 75-2

The voltage tripler charges the ilonization
chamber capacitor. It is powered from the 120-
Vac line. Warning: Shock hazard exists.

FLYBACK POWER
SUPPLY FOR RADON MONITOR

NC

T#
{SEE TEXT}

ELECTRONICS NOW Fig. 75-3

This blocking-oscillator [lyback circuit is an
alternative for charging the ionization chamber
capacitor.
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RADON MONITOR AMPLIFIER AND HEAD

NO. 4-40 SGREW,
SOLDER LUG & NUT

A\ X
NYLON STRING b PROTECTIVE
SUPPORTS .~ fF END CAP

=

SCREWS
@

INSULATING
SHEET

RELIEF SLITS

{SEE TEXT) ALUMINUM CATHODE

SLEEVE (SEE TEXT)

PROTECTIVE
END CAP

COMPARATOR




RADON MONITOR AMPLIFIER AND HEAD (Cont.}

b +9VOC (- 1.6mA)
A
R A
{SEE R4 $ R6
IONIZATION CHAMBER| TEXTI & R2 TMEG TEST 1 MEG
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I o4 ! , A7 LM3g2N
(L J IMEG S
:= Ra > ca + ca QUTPUT
T IMEG ATOuF ImF j’
+ . .
ELECTRONICS NOW Fig. 75-4

A positively charged anode wire attracts electrons and a negatively charged cathode attracts
positively charged ions. The recombination of electrons and ions canses a current that produces a
voltage pulse. The cathode is maintained at 500 V by a charge on the (.1-uF capacitor,

A beverage can forms the chamber, an aluminum can forms the cathode, and half cans form pro-
tective end covers. The amplifier circuit board is shown to the left of center.

ION DETECTOR

ANT1

m

PN2907
=
B |
av!
R3" L+
7 ALUMI%[AM TAPE 5K ¥
EARTH GROUND" -[* ~SEE TEXT R
POPULAR ELECTRONICS Fig. 75-5

ANTI is a short whip antenna from a junked radio or other device. R, is adjusted to bring the me-
ter on scale. This device should be grounded to operate properly. A length of aluminum or copper foil
tape attached to the instrument case makes contact wilh the hand, and the-body serves as a ground
via hand contact with this tape.
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Receiving Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

AM Radio

ac/dc Vacuum-Tube AM and Shortwave Receiver

WWYV Receiver

Shortwave Receiver

AM/FM Receiver Circuit

118- to 136-MHz Aircraft Receiver
Dual-Inverter Line Receiver
Toroidal-Core TRF Shortwave Receiver
Nine-Band Shortwave Receiver
One-Tube Regenerative SW Receiver
One-Tuhe Regenerative AM Receiver
Two-Band Radio

Simple Crystal Radio

Video Line Receiver

534

Two-Chip AM Receiver

Relay Interface to RC Receivers

Basic Regenerative Receiver

Simple Radic Receiver

One-Tube AM Receiver

BRalanced Line Receiver

Superhet Front End

Receiver Preamp

Regenerative Receiver for 6 to 17 MHz
Two-Stage TRF Regenerative Receiver
Economy Shortwave Receiver
Variometer-Tuned Radio
Old-Fashioned Crystal Radio

WWYV Receiver



",

AM.RADIO

Antenna
i1
1
c L3 15 turns
] R1 A2.2M{} 2
SW1
P 3.
L1 L2 aa
71 108 - 270pF
turns
turns '365|)F

Double-pole, single-throw

/2" .

3 3
Ground Antenna
L1
21
turns
PVC or plastic
plumbing pipe l
L3 1 L2
15 turns 108 turns
1 To plat
To o plate
"RFC1
To grid Ground
circuit

The primary winding of L1 has 21 turns of #24 or #26 enameled wire; L2 has 108 turns;
and L3 has 15 turns of wire. All are wound on 1%-inch PVC pipe form.

McGRAW-HILL

Fig. 76-1

A 194 regenerative detector feeds an LM386 audio [C (IC1). 1.5-V D cells and three 9-V hatter-
ies are used for a power supply.
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ac/dc VACUUM-TUBE AM AND SHORTWAVE RECEIVER

IF=455KC

Eoo 1]
CABNET W3 YOLT 3
AL~-BC

POPULAR ELECTRONICS

This circuit was used in a World War I vintage AM/SW (6 to 18 MHz) receiver and shows typical
circuits used in receivers at that time.
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Fig. 76-2
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POPULAR ELECTRONICS

WWYV RECEIVER
AUDIO AMPLIFIER
+8v
cie I+
MIXER 100 c17 SOURCE
, 9 s1
{T'O—‘ql—g;-ll'“"-_l_
oy
cio
A7 5
»— b
¥ < R4 C24 +OV
"‘V‘V
D3 R13
|- 184722 4700
36V
ZENER
’T.\ €23
1

Fig. 76-3



WWV RECEIVER (Cont.)

A O— B
BC
A O o C
10T A
A
B —
o
T
i
> 27127 : A
] g
o
B
A A
}"21,!2"1'
Eom
B 8C c
[
Transformer T1 is a home-made unit comprised of 40 closely wound turns Construction details for T2 (the
of #26 AWG enameled wire on a %-inch diameter air-core form, with taps at mixer transformer) are shown here.
2% and 10% turns from each end; after each tap, the winding continues in The diagram in A is a schematic
the same direction. representation of the unit once

completed; B illustrates how the
three lengths of wire are wound as
a set on the bobbin; and C shows
how the bobbin is connected to the
pinned base.

RF amplifier Q3 leeds diode mixer D1-D2 and Q1-Q2 provide 10-MHz L.O. injection to D1
through T1 and T2. UU1A, U1B and U2 are audio amplificrs. Details of T1 and T2 are shown.
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SHORTWAVE RECEIVER

L R13
o~ M A S
ﬁl' 0% pig & M ﬁ;‘
mwa 4 10005: “‘EE“ 10K
£ P
: 3.3 NI on
c8

NESR2 b
ar Gr O 52pF FL1 e fE s
sopf 7" | 1 wsknzl;I 3 10003
025 3 =
24 a1 7 ér - <
(17] 4
2T 1 3
R27 4 o C1s |
19](15 D1G l WSIPF 100pF s
n
wen L o1 |00, 1OV~
+5V 16—+
RM T 57
w3 d G) il L
! Myzog' A 47pF 2 }or
e+ oM
R23 R25 A% BAND 1 85-1 H
c2t o B 0K 1K = BAND 2 10— 11.5MHz
10uF TUNING  FINE
TUNING
TABLE 2
Frequency T2 €18, C19 c23 L1, L2 (Ant) L3 {Osc)
" (MHg) {pF) [BF) (pF) {# of turns on T-37-2 core)
5 100 120 68 5. 41 45
5] 100 120 68 4, 30 34
7 a2 100 47 4,25 29
8 a7 100 47 a 22 24
10 B2 100 47 3,17 19
12 82 100 47 2,148 17
14 68 82 33 2, 14 15
15 68 82 33 2,13 14
TABLE 3
NE602 MC34119
Pin 1 127 v oy
Pin 2 127V 415V
Fin 3 av 411V
Pin 4 364V 397V
Pin 5 3.59 V 414 V
Pin g 499 V -2.08 Vv
Pin 7 433 ¥V oV
Pin 8 505 ¥ 420V
al Q2 a3 Q4
Entitter 0.95 v 0.80 vV 027 ¥ ov
Base 161V 145V 082 v 0.58 V
Collecior 256V 330V 917 v 741V

RADIO-ELECTRONICS

Fig. 76-4

This receiver covers 8.5 1o 11.5 MHz in two bands and has a sensitivity of under 1 pV. An NE602
mixer feeds a 455-kHz IF amplifier (Q1 and Q2), detector D4, and audio amplifier IC2. Q4 serves as
an AGC amplifier coil data is given in the table. The LO is varactor tuned.
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AM/FM RECEIVER CIRCUIT

sk

PG

1§
|

Fid Porformance (86 MHz-108 ﬂf’iz) AM Performance {525 kHz-1650 kHz}

+ 30 0B guieling sensilivity; 3.5 pV * Maximum sensitivity: 100 u¥/m
» —3 dB limitng sensitivity: 7 uV * 20 o quieting sensitivity: 250 pV/m
* Twoat® wors! case; 5%
100 mv/m: 1.5%

*Twest is an audio tone produced by the 2nd and 3rd harmonic of the IF
beating against the received signal. It is measured as an equivalent modu-
fation level: i.a.. 4 30% tweel has the same amplitude at the detecior as a
desired signal with 30% modulation.

NATIONAL SEMICONDUCTOR Fig. 76-5

This circuit shows the LM1868 as a complete AM radio and FM IF section. An external FM front end is used for the 88- to
108-MHz band. Audio output is 0.5 W and either 9-V battery or line operated supply can be used.




118- TO 136-MHz AIRCRAFT RECEIVER

RADIO CRAFT Fig. 76-6

This receiver covers the 118- to 136-MHz AM aviation band. It has a 10.7-MHz IF amplifier. L1, L3,
and Lb are 1% turns of #24 wire. I'1L1 is a 10.7-MHz ceramic filter. IF bandwidth will be about 250 kHz.

DUAL-INVERTER LINE RECEIVER

AB 8490 AY 1k
R2 A4 ¢ ps
10k 10k 5pF 1o0kn

R1
20kt

{+)
v,,,t
o
ANALOG DEVICES Fig. 76-7
This circuit is for audio applications.
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TOROIDAL CORE TRF SHORTWAVE RECEIVER

DPST toggle switch

Toroid
iron core To antenna
L1
Tap
To C1 To common ground

L2
Enlarged view

L1—3 turns of #24 enameled magnet wire wound over center of L2.
L2—34 turns of #24 enameled wire—coils wound on toroid iron core
form T-50-2—tapped at the 17th turn. Form has only V2-inch diameter.

Wind 34 turns, with a tap at the 17th turn, for L2 on the small %-inch diameter iron core form.

McGRAW-HILL

Fig. 76-8

A 7ZN414 IC feeds an LM386 audio amplifier in this TRF circuit. SW1 is a band-switch. Coverage

is up.to 18 MH=.

543



NINE-BAND SHORTWAVE RECEIVER
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POPULAR ELECTRONICS

Dual-gate MOSFET Q4 is used as a regenerative amplifier in this cirenit. An active antenna feeds
the signal to @4, and a short whip antenna is adequate. Deteclor Q5 feeds volume control R24, and
audio amplifier U5, an LM386. The frequency range is 49 to 11 meters in nine bands (6 to 27 MHz).
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ONE-TUBE REGENERATIVE SW RECEIVER

C1
6-50pF
n
1
pSW1
Rotor
<for) Q1
Tickler Stator 140pF 154
coils
L3&15 R1 2.2M0 c4
0.1uF
I ! R2
3 27pF 7 l 50k§)
cs o REl . e -~
270pF L 2 5mh = 0.001pF ) High-
SW2 I é impedance
P 1.5V headphones
(20004})
' ~ BL9V 9v 9\}/+ v
DPST
SW B2

:
Top of coil L1 E: To ground
Tae C1

All coils are close

23
Ground wound with
L2 13 Tum #24 or 26 enameled .
. magnet wire.
54 Totap of 7 Spacing between

To RFC1
To9 of LS

L3 > 6 Turn each coil is ¥ inch,

|

Totap 4 of L2
L4 » 9 Tum
Spacing between . ToC3 &R1
coils is 1/8 inch L5 S 6Tam Topin6of L3
Bottom of ceil To plate pins 2&6

How to wind L1, L2, and L3 with taps. This receiver tunes in
the 40- and 80-meter range of frequencies.

McGRAW-HILL Fig. 76-10

A 154 tube is used in a regenerative detector circuit. Details for coils are shown and frequency
range can be shifted within 1.5 to 20 MHz by proportionally adjusting the number of turns on coils.
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ONE-TUBE REGENERATIVE AM RECEIVER

Antenna
£2 15 turns 1 C4 .
c1 =~ g _—.L_ 270pF RF coil
90pF R1 Q1154 1 2.5mH
2.2MQ 2and 6
5 IXC 1
#)20008)
Lt _| C5 headphones
wi 108 »<— C2 0.1pF
turns
3 & —NNN——y
Ground@ { & B R2
Y ™ —[]l+1.5V 50k
SW2 B2
SPDT —{”DIH|+ 27V

Coil < 3 >|
mounlfg;g \

>

O ' Ot

Y EEXEE)

V Taps every 10turns
108 turns of #24 or #26
REC PC enameled wire Ground
15 turns of-#24 or
#26 enameled wire

Wind both coils on PVC pipe using either #24 or #26 enameled wire. For coil L1, wind 108
turns on the pipe, and tap every 10 turns.

McGRAW-HILL Fig. 76-11

Suitable for AM reception and as a simple radio project, this circuit uses a single tube as a re-
generative detector.
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McGRAW-HILL

TWO-BAND RADIO

70 trns #24 enameled wire

5

3 6 vee
C1 ZNA16E l
F
L2 . ict s sy Lt
SW1 R e gl -~ 8
Medium A Long T4 13
wire wire 0. 22”}
L3 cs
0 TuF 0.1uF
-—I I * —"[_ ;/
Lt 250 turns C2 o SW2
#30 enameled wire 0.TuF - SPST
12 turns
= #24 enameled wire
Scramble wound
250 turns
#30 enameled wire
L3 Broadcast band
{ T MW
Ferrite rod 0-333- inch
diameter
f L lhit L2
12 turns 70 turns
#24 enameled wire 7 #24 enameled wire
(close wound) {close wound}
To To
To To !
SW1 pin 8 Wi pin 8

All three coil windings are wound on one long ferrite form. Two different coils are switched
into the circuit, covering the lengwave (lw) and rmedium-wave (mw) broadcast band.

Fig. 76-12

This TRF receiver covers the AM broadcast band and longwave bands (used in Europe and Asia
for broadcasting). A loop antenna is used for reception and an external antenna can be connected,
Frequency coverage is 150 to 1600 kHz.
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SIMPLE CRYSTAL RADIO

Antenna Crystal
{(XTAL
1 o1
+ > O n»
L1 L2 %’ 1 20000
25 turns 90 turns headphones
< O
“SW1
J2
Ground
LIl
25 turns L2
#24 or #26 90 turns #22

enameled wire

enameled wire

Ol

—] 1] e—

space

e

3"

>

Wind 90 turns or 2% inches of #22 enameled wire for L2, and 25 turns of #24 or #26
enameled wire for L1 on a 1%-inch PVC plastic pipe form.

McGRAW-HILL

Fig. 76-13

AnIN34A (D1) is used as a detector in this crystal radio, A good outdoor antenna should be used.
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VIDEO LINE RECEIVER

This circuit can achieve 46-dB common-
maode rejection if R1, R2, R3, and R4 are matched
to 1%. C1 is adjusted for best CMR above 1 MHz.

ANALOG DEVICES Fig. 76-14

TWO-CHIP AM RECEIVER

?m
c1

100pF
T100T
c5
“L1 365pF
30T
c2
22
L 16]14]13
n
TDATO00 | .,
|5 6 [7
c7 c3
470 22
4 C6
+ = 365pF
000000000 ~+—ff——
L2
100T
*SEE TEXT

POPULAR ELECTRONICS Fig. 76-15

This receiver is comprised of a TDA7000 single-chip FM receiver (UJ 1), an LM386 low-voltage au-
dio-power amplifier (U2), a pair of hand-wound coils (L1 and L2), and a few additional components.
L1 and L2 are 100 turns of #28 wire on toroidal corcs (about 240 uH each). L1 is-tapped at 30 turns.
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RELAY INTERFACE TO RC RECEIVERS

Ta
STEERING
Ll
o ¥ a0t
00 -3 -
FORWARD/ | 1 N0
REVERSE | Tp
ol ![ 4 02 .| Ll
RECEIVER 1N4001 E {N4a001 4 v
1N4DO1 1N4001
Ll
™
D5 D& 1’—*-“——0 r—3—
1N400Y 1N4D01 C3 Cd
t R
»—~—}}—4p -,__}l_u
c1 c2
1 R
A o] O
1
{ ]
' ,:é ;é
8V Ki K2 €3 iKa
f BV 5 | 5V —'T 5V
=
MOT2 | MOT MOT JMOTH
POPULAR ELECTRONICS Fig. 76-16

You can add relays to some inexpensive RC receivers to operate your own chassis.

BASIC REGENERATIVE RECEIVER

ANTENNA

ELECTRONICS NOW

SIMPLE RAD!O RECEIVER

ELECTRONICS NOW
Fig. 76-17

Fig. 76-18

Vacuum-tube detector receiver.
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ONE-TUBE AM RECEIVER

J1
d [ T1-
- 3
L
‘”‘)I“_ . >
* R4
100K

*SEE TEXT

POPULAR ELECTRONICS Fig. 76-19

This radio uses an unfuned RF stage to boost the signal voltage up to the linear portion of the
crystal diode’s characteristic curve. The circuit’s distortion-and wide bandpass and a good-quality
transformer make for a great-sounding AM radio. L1 is a winding of #22 enamelled wire 2" long on a
2" diameter plastic pipe T1 is a fube-type radio oulput transformer, rated at 2000 Q to the speaker
voice coil.

BALANCED LINE RECEIVER

Al Rz == ————————— -0 ~VYour
25kQ 25K5 1
=0 1 < Vour
1
'
I
Vi | 10k
|
1
1
1
{+) O
Forn2-M ap _p @ - ’ RS|R6
Ry Ry ¢ ® Via 2Ry kG
ANALOG DEVICES Fig. 76-20

Unity-gain inverter U2 drives R4 (usually grounded at -V, equalizing currents in xinput legs,

and provides a choice of balanced p-p output wilth a gain of R;/R,).
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SUPERHET FRONT END

0 U3 | - AMAr > +12
78L05 +l R8  +] cq  VOC
G 4.7
¢l c2
{47 1
y 1t
I+ ¥V
o]
A1
ANY 4700
INPUT ez |
CONFIGURATION
1.2
o
lﬁ f FILd
[
ANY
0SC
-SEE TEXT CONFIGURATION
+12VD0 = * Aty
l R4 R5
+ 4.7K 10K -
TGP GAIN 5r"16K 2
=
RADIO CRAFT Fig. 76-21

This superhet receiver front end is simple and uses an NE602 followed by an MC1350 IF amplifier.

RECEIVER PREAMP

50 Qin .—!
0.1 pF

Freq. range 0.5-500 MHz
Power gain G, = 17 dB @ 50 MHz

WILLIAM SHEETS Fig. 76-22

Suitable for HF and VHF receivers, this prearplifier can be mounted on the back of the receiver
for a boost in gain. Useful gain is about 17 dB at 50 MHz.
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REGENERATIVE RECEIVER FOR 6 TO 17 MHz

N/ Tt L4 A7 HEADPHONES
(NOTE 1) (SEE TEXT} . 410 (SEE TEXT)
o e—{e— —A—o—y
L3 cn oA I
E {THCKLER) 33uF
-
R1
22 o a1 RS COMMON
7é(Nm‘E 2) MEG  2Naate 100k £ L OPEN
. & o (VOLUME 4 t
I€ GONTROL
Ve U s ! Cose B2
1 0 L oy
A E R S ===t ‘
0 L2 c2 7 140pF ce oz 15K +== ' :=C10
10pF [ (MaIN __ .01 R& 8 y 51 o1
= (FINE fTungy[ 2 R 10K _je 9V (NOTE 4)
T TuNe) As ¢ M= ocr (REGEM A C12 ———— e G138
(NOTE 3 27K T E 33E M asur
S 2 g
NOTES: = 284416
1. ANTENNA: 100FT COPPER WIRE AD7a5IN
2. ADJUST G1 FOR ANTENNA USED 1 a
3. C2 OPTIONAL [SEE TEXT} GATE DRAIN P 7
4. St- DUAL ON OFF SWITCH. 3 s
5. FOR COIL-WINDING DIFECTIONS SEE GASE  SCURCE 1 =
FIG. §-a
ANTENNA INPUT
T TUBNS 11 TURNS
o
TICKLER |," :
4y2 TURNS o e
= )
\ w
MoToat
\)Q GATE
N
\‘To Rec TO ANTENNA
NOTES:
TO G1 DAAIN
1. ALL WINDINGS ARE NO.22
INSULATED $TRANDED GOPFER
HOOKUP WIRE

2. 1y2-IN. QO PVC PIPE

ELECTRONICS NOW!

Fig. 76-23

The headphones are 32-Q stereo types. The common lead is left floating so that the two sides are in series, giving 64 €.
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ELECTRONICS NOW

TWO-STAGE TRF REGENERATIVE RECEIVER

AUDIO AMPLIRER

RF AMPLIFIER

DETECTGH

__%
3 Ri0 }
3
1 6502 HEADPHONES
(SEE TEXT}

il - —W—o—y
ci1 A2
L3 TICKLER A
az - COMMON
(VOLUME) OPEN
1] +
$RY bk e e
s & il E =
T T B2 ¥
* cre ol | gv G4
INOTE 2y | ne = =g = 3
< 10K cg +
* ([oET a1 NOTE 3 C10
& oz REGEM) o o
z e G S
- A4 ::
1000 &
NOTES: e ADTAEIN
1. ANT 115 100-FF COPPER WIRE 4. FOR COIL-WINDING DIREGTIONS 1 a
2. 115 3-SFCTION GANGED SEE FIG. 9 GATE 2 7
VARIABLE: 10 TO 385pF EAGH 5. MODIFIGATION FOR: 2 CASCADED DRAIN 5
SECTION REGENERATIVE STAGES CASE SOURGE 3
3. 5118 DUAL GANGED SWITCH {SEE TEXT) 1 5
a
~5TURNS
{SEE TEXT)
4 TURNS ATURNS A%
A TURANS
(R

TAP TO ANTENNA,
TG QZ GATE
AEFER TO FiG. 10

b

TO Q2 GATE
AEFER TO FIG. 10

4

TG O GATE
REFER TO FIG. ¢

d

NGTES:

& ALL WINDINGS ARE NO 22
INSULATED STRANDED COPPER
HOGKUF WIRE

2 14N, OD PLASTIC PALL BOTTLE OR

3. 1-IN. 0D PVG PIPE

Fig. 76-24

This regenerative receiver uses a tuned RF stage to improve performance. The coil in Fig. 76-24D is for the purpose of adding
a second regenerative stage (RF amp). This ceil is Lb in the schematic.




ECONOMY SHORTWAVE RECEIVER

ANT 1 Bl ifd AA—g AN
ol - R *!;(9 Rl ]
1N34R 510K 1206 | 3

c1 Ry ] 0l 10uF :: 20061
250pF i
(FUNE} = Qa

= C3 2Nz222
1TOSpF 3 £ R6 HEADPHONES
R - 3P oazz anzaz2| ¥ 2k (SEE TEXT)
R4

2000 . ! v
[ — & aAAA & O_f\
vy = -
A1 :: R2 == rg -IT -TB O—J
120K< 10K 2000pF | C8 :
) )
< R3 . A3uF [
Cams Esox cr
.01T ] a3F

1. ANT 1 1S 100-FT COPPER WIRE.
NOTES: 2 FOR COIL WINDING
DIRECTIONS SEE FIG. 9

6 TURNS
14 TURNS W

NOTES:
1. ALL WINDINGS ARE NO.22
INSULATED STRANDED COPPER -

HOOKUP WIRE

2. 1-IN. OD PLASTIC PILL BOTTLE
3. 1-IN. OD PVC PIPE OR NOTE 3

TO Q1 COLLECTOR
REFER TO FIG. 11

ELECTRONICS NOW Fig. 76-25

Using three transistors, this receiver covers the range of 6 to 17 MHz. Coils can be altered to
change the range to a lower or higher frequency.
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VARIOMETER-TUNED RADIO

(T

HIGH-IMPEDANCE
-EARPHONES)

c2
T 001
+ -0 GND*
Lot
GND*
L3
*SEE TEXT O GND*
POPULAR ELECTRONICS Fig. 76-26

The two fixed coils of the variometer, L1-and
L3, are wound on an 8%-inch-long piece of 1-inch-
diameter plastic pipe (its outer diameter is about
1% inches). Each coil is 24 inches long. The num-
ber of turns is not critical, but 86 tightly wound
turns of #22 enameled wire were used. When
winding the coils, make sure you start at a point
that will allow them to be placed 2 inches apart
on the pipe. Drill holes in the pipe and run the
leads of the coils out the end of the pipe that is
closest to each.

The movable coil, L2, is wound on a piece of
1%-inch plastic pipe (its outer diameter is about
1% inches). The winding is 2 inches long, Like L1
and L3, the actual number of windings of this coil
are not critical, as long as the winding is approxi-
mately the right length.

OLD-FASHIONED CRYSTAL RADIO

Antenna

!

L1

Coil: Wound on 10" long 2"
diameter form

L1: 2007 #24 on 2" dia. form
L2: 2007 #24 on 2" dia. form
spaced 1/4" from L1
tapped at 80, 120, 160 turns

Finish

L2 Finish
200T D1

2000-£)
headphones

WILLIAM SHEETS

Flg. 76-27

L1 and L2 are wound on 4" diameter 10" form and are 200 turns of #24 wire. PVC pipe can be used.
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WWV RECEIVER
Ay T o ™ ey
ANTENNA -
000 G5 WA P $ 1500 Foxx ‘ it
(v ] 1= R4 AS55KHz [o3]] ci2 a0 100F
3.3pF o 156F 12K GERAMIC 4 10uF @ |1
-———aqr---] p FILFER ’ =
r a 9 K
Ed @ i é_" |-£"3—)'I‘"a SFUASSA s b + + —H-
. by 3 4 1 3 a8 [ nttipte da A%
[& & = é{ .% : pasnl L { i ' pis)
1 : | i1 15K Z ic2 1 H AN
L2 a1, | meso - MC1350 T |
C1 = T T2 ¥ 3 i
2 5 LI 1 . .
6 [ s [sPrm
33K 5 .L? o L
= 455KHz b
<+ [lof:
MC34110
113
8 + R14 a
Al o] foK
R e P Wy 2 !
47K 4
cn =
et 7 Tl §0 e | RS
T Riz Cu . : '_
= TMEG 47 he
WWV and WWVH minute signals
UTC VOIGE
ANNOUNGEMENT UTC VOIGE TICK
TICK ANNOUNCEMENT
B00H2
TONE
o0 45 60 45 [i]¢] 4] 60
525 525
SPECIAL SPECIAL
ANNOUNCEMENT ANNOUNCEMENT
OR 500z TONE OR 500Hz TONE
ELECTRONICS NOW Fig. 76-28

This receiver for 10-MHz WWYV signals uses a 10.7-MHz FM receiver IF transformers as front-end components. It is a super-

het with a 455-kHz IF frequency. By changing the front-end components 5- or 15-MHz reception could be obtained. A 3- to 6-foot
antenna is usually adequate.
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Reference Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Low-Voltage Relerence

Pasitive Voltage Reference
Negative Voltage Reference
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LOW-VOLTAGE REFERENCE

Output tahie
Vaut(V) Ry Ro Ry Ry
{all values in kilehms)

13 402 2 11N
&
mn 54 .
‘“'”‘ 30 402 516 309 27
33 402 665 340049
45 402 1070 53.5 287
2N39l14 50 402 1210 618 30
IREF
¢°"”‘ b oma
o ' - (" 7 -31
Ry 3
Wy
(seete:i) A M)
[ —_ ot '
0.01,F ADS8 Vpgr = 1236V
Ve cOmmon .
o | v ’\
ELECTRONIC DESIGN Fig. 77-1

This circuit illustrates a number of techniques that are useful for low-voltage, series-mode,
power-efficient references. Intended for output currents of up to 10 mA, this design has an enabled
standby current of about 100 LLA; it can be easily programmed over a wide range of output voltages.

POSITIVE VOLTAGE REFERENCE

>

"2

W+

D1
1N461 1\x\

66V

NATIONAL SEMICONDUCTOR

D1 is used as a referenee, R2, R3, and R4 pro-

VDUT.

Fig. 77-2

NATIONAL SEMICONDUCTOR

NEGATIVE VOLTAGE REFERENCE

L
R4
7
6
LM1(>—«~—~ Vo
hag11 !/ R3 4
66V /|

V-

Fig. 77-3
D1 is used ag a reference. R2, R3, and R4 are

vide desired output voltage to the op-amp volt-
age follower.

voltage dividers to obtain desired output voltage
to the op-amp voltage follower,
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Regulator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of cach circuil correlates to the entry in-the Scurces section.

3.3-V 1-A Surface-Mount Regulator

Logic Control of 78XX Regulator

Low-Cosl Step-Down Regulator

Dual-COutput Regulator

Low-Noise Regulator (5 to 3.3 V)

Reducing Ripple in a Switching Voltage Regulator

Low-Dropout Three-Terminal Regulators for New Microprocessor Applications
Low-Dropout Regulator

Positive Regulator Sinks Current

5- 10 3.3-V Surlace-Mount Switching Regulator
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3.3-V 1-A SURFACE-MOUNT REGULATOR

ViN
WT0 —g -
12 | +[ Cin”
gl 13| 0wFIZTT T 68uF
v PWR 0
g N PRV MBRS130LT1
LBm W
LTC1265-3.3 (i’
—q LB PGND
270pF ouT €1
5 " =
£r SGND L1t
o ATuH
3900pF SHUTOOWN
K g
YR NC—
7
- SENSE™  SENSE*
] | 1900pF :: Reense’"
T 019
Vour
33V
* AVX TPSEGBBKA20 +| Coyrrr 1A
** AVX TPSE2ZTKO10 e zg&F
' COILCRAFT 003316-473 L ov
' DALE WSL2010-0.1-1% - [

LINEAR TECHNOLOGY

Fig. 76-1

This figure shows a typical LTC1266 surface-mount application. It provides 3.3 V at 1 A from an
input veltage range of 4 Vto 12 V. The peak efficiency approaches 93% at mid-current levels.

LOGIC CONTROL OF 78XX REGULATOR

Q2
TiP32

Vunreg ©

Logic
control

ELECTRONICS NOW

=

M~

A
vy

Voltage
regulator
78XX

Vout

0.1 uF

0Gnd

Fig. 78-2

Trangistors can be used fo control any 78xx series regulator with logic signals. Both transistors
are controlled by the logic level present at the base of Q1.
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LOW-COST STEP-DOWN REGULATOR

Vip O G

ELECTRONIC DESIGN

A
1| | Noles:

0y =470 4F, 25V
C3=220 oF
C3. C4=1000 F, 16V
CR1 = 1N5819
CR2 = 135 (2 X TN4D39)
L1=120 pH, 0> 40.@ 250 kHz, R < 0.5
Ly =220 uH, 0 > 40 @ 250 kHz, R< 0.8
Ry, Ry, =2.2k0, 1AW
Rp=51041, 14 W
Ry, Rg=1000, 1A W
? 01 =25A1350¢
02 = 2N39M4

Input = 18.0 ¥, Output taken at C3

Ripple
Output (V) | Load (Ohm) {mVpp) {kHz) EFff. (%)
12.54 .1k 50 4 67
12.52 90.9 25 12 86.5
12.49 476 40 58 88.9
12.45 24.4 70 31 918
Input = 18.0 V, Output taken at C4
Ripple
Qutput (V) | Load (Ohmy) (mVpp) (kHz) Ef. (%)
12.53 1k 58 08 67
12.48 90.9 1.5 — BE&.S
12.37 47.6 1.5 — B8.4
12.20 24.4 . 15 — 90.4
Output taken &t C3, Load = 24.4 Ohms
Ripple
Input {V) Output (V) (mVPP} {kHz} Efi. (%)
15.0 12.35 73 17.8 934
18.0 12.45 70 31.0 91.8
21.0 12.53 75 43.3 90.8

Fig. 78-3

This inexpensive and efficient discrete step-down regulator is based on a complementary transistor arrangement that uses

both positive and negative feedback and is referenced to a Zener diode. Inductor L1 is selected to maintain the switching fre-
guency above the audible range for the intended operating load, The output filter L2 and C4 reduces ripple to less than 10 mV
p-p over a large range of loads, with only a slight decrease in efficiency.




DUAL-OUTPUT REGULATOR

02
INPUT ”:f914
8V HINPUT  BOOST * —}
1025 LT1376-5 el U
010F T L ouTPUT
Vew iy
BIAS ;
SENSE —l
SHON GND Ve
!
3 Re Cpee
Lt %47’09 01 % q00uF
I 35v 5%1 ¢ 1N5818 10V
TANT " 00tn TANT
GND )\ - 2"
» o 1
*L11S ASINGLE COREWITH 1007 ] =

TWO WINDINGS, COILTRONICS  1py
CTX10-2P TANT

QUTPUT
** AVX TSPDHO7MO10 _syt
TIF LOAD CAN GO TO ZERO, AN OPTIONAL L3
PRELOAD OF 1k TO 5k MAY BE USED TQ 1N5818 om0~ o1
IMPRGVE REGULATION
LINEAR TECHNOLOGY Fig. 78-4

It load can go to_zero, an optional preload of 1 to 5 k€2 can be used to improve regulation. Many
modern circuit designs still need a dual polarity supply. Communication and data acquisition are typ-
ical areas where both 5V and -5 V are needed for some of the IC chips. .

The current mode architecture and saturating switch design allow the LT1376 to deliver up to
1.5-A load current from the 8-pin SO package. L1 is a 10-pH surface-mount inductor from Coiltron-
ics, The second winding is used to creale a negative-output SEPIC (Single-Ended Primary Induc-
tance Converter) topology using D3, C4, C5, and the second half of F1. This converter takes
advantage of the fact that the switching signal driving 1.1 as a positive buck converter is already the
correct amplitude for driving a -5-V SEPIC converter. During switch-off time, the voltage across L is
equal Lo the 5-V output plus the forward voltage of D1, An identical voltage is generated in the sec-
ond winding, which is connected to generate -5 V using 123 and C5. Without €4, this would be a sim-
ple flyback winding connection with modest regulation. The addition of C4 creates the SEPIC
topology. Note that the voltages swing at both ends of C4 is theoretically identical—even without the
capacitor. The undotted end of both windings goes to a zero ac voltage node, so the equal windings
will have equal voltages at the opposing ends. Unfortunately, coupling between windings is never per-
{ect, and load regulation at the negative output suffers as a result. The addition of C4 forces the wind-
ing-potentials to be equal and gives much better regulation.
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LOW-NOISE REGULATOR (5 TO 3.3 V)

LINEAR TECHNOLOGY

- . - Vin
TS ﬂ— $00uF* W
™ 0 wv
LTC1574 =
1 —_ |7 ..
2 LBy  SHUTDOWN ---J 1LS
. DOpH Vout
1
6 1 m
lecm Vrg 2 a8 6.80F
GND - ‘.t—_l + 1004F"
2.4.13,15 < va

- AV TPSD107KO10
*~ COILTRONICS CTX100-4

DN FO2

Fig. 78-5

In some applications, it is important not to introduce any switching noise within the audio fre-
quency range. To circumvent this problem, a feed-forward capacitor can be used to shift the noise
spectrum up and out of the audic band with C2 being the feed-forward capacitor. The peak-to-peak
output ripple is reduced to 30 mV over the entire load range. A toroidal surface mount inductor L1
is chosen for its excellent self-shielding properties.

REDUCING RIPPLE IN A SWITCHING

VOLTAGE REGULATOR Simple additional circuilry that consists of

Switching Transistor

F_———- -

O

co

[ Load %

NASA TECH BRIEFS

Fig. 78-6

relatively small components can reduce the out-
put ripple by a factor of about 10. The additional
components are indicated by the dashed lines.

A current opposing the ripple is injected into
the filter capacitor. The essence of the present
technique is to inject, into this capacitor, a cur-
rent opposile to that which already flows into
this capacitor. A small additional winding, L1, in
inductor LO provides (ransformer coupling to
generate the current that opposes the original
ripple current. The circuit from L1 through CO is
completed by a small additional external induc-
tor L2 and coupling capacitor C1.
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LOW-DROPOUT THREE-TERMINAL REGULATORS
FOR NEW MICROPROCESSOR APPLICATIONS

Recommended 1.T1584 Adjustable Circuil for
the Intel PS4CT Microprocessor

THERMALLOY PLACE IN MICROPROGESSOR
70208-MT SOCKET CAVITY
b L . N '— .................... N
475V T : aav '
Py ——r+ IN out : :
g;bﬁi LTIBBACT | Ly Yol esrocn c11 Toca !
uf 20 100RF )
o= ADJ Tosn ! I 10V | Ty ]
) 1
— — 1
c3 e LT l.C e ——————m [
3300F — = <1890
16V | *Lu.s%
LINEAR TECHNOLOGY Flg. 78-7

The LT1584/LT1585/LTL1687 are high-performance, low-dropout regulators designed to meoct
the demands of the newest high speed, low voltage microprocessors. These devices are designed to
regulate from 5-V supplies to output vollages between 1.25 V and 3.6 V. The LT1584 can provide up
to 7 A of current, making it ideal for powerlul Pentium processor or similar applications. The LT1585
can supply up to 4 A, while the LT1587 supplies up to 3 A. The excellent transient response capabil-
ity allows them to maintain good regulation even with significant load steps. Fixed 3.3V, 345V, 3.6
V and adjustable output voltages are available,

LOW-DROPOUT REGULATOR

"'our
O 3 BV{TABLE)

W

CUTPUT TABLE
Vour R1 ¥y (min)
BV 383Kk b2V
L SV ke 5.2V

"
3 mapg | 9V 2ka a2V
A e 33V 168ka 3.5V
T 00mpF 30V 143kn 32V
|+
=

c1
100pF/A5Y
i.OW ESR}

Ty

c2
1DopF 25V
(LOW ESA)

-

> Az
% 1O0RCY

-2 COMMON

ELECTRONIC DESIGN Fig. 78-8

This low-dropout reference prodiuces a 4.5-V output from a supply just a few hundred mV
greater. With 1-mA dc loading, it maintains a stable 4.5-V output for inputs down to 4.7 V.
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POSITIVE REGULATOR SINKS CURRENT

Vi“ Ha vU |L
O 2% L o ey
45 18 Ry sy
500
U1
L BN §"L
1 2 50 uF

f

O -
ELECTRONIC DESIGN Fig. 78-9

Generally speaking, conventional positive voltage regulators can only source current; they can't
sink it. However, the positive regulator shown breaks that rule because it can perform both functions.
The idea is to have the control transistor @1 in shunt so that the regulator can either.source or sink
current.

The circuit provides +3-V output from a +5-V supply. Ul is a bandgap refercnee that supplies a
stable +2.5-V reference to the error amplifier (A1). The output voltage (V) is sampled by the resis-
tor network (R1 and R2). If ¥, were to increase, Al will drive the base of Q1 harder, increasing the
collector current (/).

This increases the drop across R3 and V,, decreases, thus regulating the output voltage. The out-
put voltage is given by V,, = 2.5(1 + B/l

Under no load conditions, Q1 draws 110 mA [(V, -V, ))/R,]. With a load connected, and as the
regulator begins to source load current (7)), /, decreases to keep the drop across R3S constant.

ALL) =100 mA, QL carries 10 mA. If B, is connected to the positive supply higher than V, then
the regulator must sink current, and I, becomes negative. At/, =-100 mA, Q1 carries 210 mA while
maintaining the output voltage at +3 V. The output voltage will remain constant at +3 V—even if the
load current changes sign.,

With the proper heatsink on @1, the regulator can sink more than 300 mA. If a “sink only” option
is desired, the dissipation in Q1 can be reduced by using a 180-Q resistor [or R3. R4 limits the base
current drive for @1 and prevents the output of Al from being clamped at 2 V..

5- TO 3.3-V SURFACE-MOUNT SWITCHING REGULATOR

Vin _ _
B
VIE’ ﬂ—mOpF'
v L This converter provides 3.3 V at 150 mA
U2 6 SOTOOWR - from an input voltage of 5 V. Peak inducter cur-
ST P vour P2 rent is limited to 340 mA by connecting pin 6
100pH" * . .. St .
L1 . aw B Vour ({PGM) toe ground. For dpphcat.mns requiring
SND 100F 150ma her output current, connect pin 6 to V.. Un-
10V ’ m
2.4.13.15 11+ der this condition, the maximum load current is
i e g T,
L auxresororeono increased to 425 mA.
* COILCRAFT D03316-104 ONeB POt
LINEAR TECHNOLOGY Fig. 78-10
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79

Relay Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

568

Latching Relay Alarm Circuit
Momentary Relay Circuit

Latching Relay Driver for +12-V Loads
High-Impedance Relay Driver

Latching Relay Driver

Transistor Relay Driver

Fast Turn-On/Delayed-Off Relay Circuit
Low-Frequency Relay Oscillator



LATCHING RELAY ALARM CIRCUIT

v—0
5 Qutput
A5

to alarm
v NC c
J_——o—-./.—i
— 12-V Relay
- DPDT K1
0—0/’;—0
0—0/70—0 c
Reset N
'_| push
4 button
Any number 3 81
N.O. switches
Sensors +12v
WILLIAM SHEETS Fig. 79-1

Momentarily closing any sensors will cause K1 to latch. S1 must be depressed to reset cireuit. If
any sensor is still closed circuit will not reset.

MOMENTARY RELAY CIRCUIT

Ao
4.7 ki)

C 1000 uF 0 NC

12v to 4000 wF =—0C
asneeded 2—O NO
. 12-v
O—
500-1} coil
WILLIAM SHEETS Flg. 79-2

The charging current of a capacitor can be used if a momentary relay-on circuit is needed. De-
pending on the relay characteristics, C will vary from 1000 to 4000 pF or so for a 1-s hold time if a
500-Q relay is used. R, discharges capacitor G to ready the circuit for the next operation. The value
should be high enough so as not to maintain the relay closure at highest expected supply voltage.
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LATCHING RELAY DRIVER FOR +12-V LOADS

3 +12 Vin
v—O NC c
_O—
IN4002 A0 NO Relay
10-A contacts
A =150
IN40O2
4.7 k)
IF—=—ANAN -t
= 47k oft
— ANAN——o —t—» 12 V1o load
On 10 amps max.
Reset N.O. NC Latching
pushbutton j
WILLIAM SHEETS Fig. 79-3

A 4-V signal will cause the relay to pull in when Q1 turns on. Latching is obtained by feedback
through a 4.7-k€2 resistor. A switch is used to select latching or nonlatching operation. A NO push-
button releases the circuit,

HIGH-IMPEDANCE RELAY DRIVER

+ ¢ —> +12V

IN4002

Yin
12-V 150-02 relay
15 M(}
/4 74C00 m—O—V_O_ gC
L A—0— NO
WILLIAM SHEETS Fig. 79-4

A CMOS gate is used to drive a switching transistor and relay.
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LATCHING RELAY DRIVER

Relay
12V >150-(} coil

IN4002

NO S1
N.C. PB switch

| —
§|N4002 Unlatch

WILLIAM SHEETS Fig. 79-5

An input of 4 V or greater will drive this circuit. When the relay pulls in, one pair of contacts is
used to latch the relay closed. It will remain closed until S1 is pressed.

TRANSISTOR RELAY DRIVER

+12V

Relay
12 V > 150-0) coil
v——C gC
IN4002 =0
A———O NO

4.7 ki)

Input 2N3904

IN4002

WILLIAM SHEETS Flg. 79-6

An input of 4 V or greater will drive this relay circuit.
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FAST TURN-ON/DELAYED-OFF RELAY CIRCUIT

12-V Relay
IN4002 A = see text coil
+12-V
coil input
—0
C .
Ag

WILLIAM SHEETS Fig. 79-7

C is a large capacitor that has a charge time of Rsup C, assuming Rsupply <R ;. The discharge
time will be B _; € neglecting relay coil inductance. With €' = 10,000 uF and R = 500 Q, a release
time constant of 5 seconds might be obtained. Many relays will hold in until the coil current decays
to 25% of the pull-in current so that the actual time constant depends on the relay holding current.

LOW-FREQUENCY RELAY OSCILLATOR

v—0O—0C NC
r:l—O—OC
A—0O—0O NO
+12V
NG —O—=2

Cc
2200

+
Lo

Relay
12-V 400-12 cail

I

WILLIAM SHEETS Fig. 79-8

Depending on the value of C and the resistance of the relay coil, and the difference in pull-in and
drop-out voltage, this circuit will oscillate at a low frequency. R limits in rush current to capacitor C
to a level that the relay contacts can handle, Typically, for a 400-Q relay, R can be 20 to 440 ohms.
Flash rate is approximately 1 cycle/second, depending on the relay.
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80

Sample-and-Hold Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The Tigure number in the box of each circuit correlates to the entry in the Sources section.

Micropower 4-Channel Sample-and-Hold Circuit,
Low-Drift. Sample and Hold
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MICROPOWER 4-CHANNEL SAMPLE-AND-HOLD CIRCUIT

+9Y
|13
V4 AAXIAN e
2| ot S E MAXG? 1
CHI e o/c ; :
_L 0.0%pF ) : S
I POLYPROPYLENE '
= ! :
1
CH? 15 | D2 A 52 f 14 il :
1 01 \ L,
POLYPROFYLENE | X
. J
MAXIAN
[rivzes 1
g7 v
]
CH3 - 1) 03 v bl - :
_I_ 001F ' g
I POLYPROFYLENE )
= ¢ :
1
1
CHe D—T—E———-——J'c‘: S _L + :
1
L0WF ! -
IN3 IN4 N2 INT V- GND PQL$PRUPYLENE :
1 ) A L_si I )
e o
—_—
-—_— — -
= TYPICAL DROUP AT +25°C = S0pV/see.
TYPICAL SUPPLY CURRENT WITH
OV TC +8Y LOGIS INPUTS = A,
MAXIM Fig. 80-1

Three Maxim ICs make up this sample-and-hold circuit. The supply current is only 6 LA, .

LOW-DRIFT SAMPLE AND HOLD

Low Drift Sample and Hold*

v+ A1
1L}

puTPyr

tTellon polyethylene or palycarbonata
gielectric capaciler

I 1 uF *Worst case drift less than 3 mv sec

NATIONAL SEMICONDUCTOR Fig. 80-2
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Sawtooth Generator Circuits

The sources of the following eircuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section,

Op-Amp Linear Sawtooth Generator
Sawtooth Generator
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OP-AMP LINEAR SAWTOOTH GENERATOR

¢ » = 412V
Di  R7 cs L+
NS4 500K € R3 & 470
D2 fadj 10K &
1N914 =
R2
D3
1N914 10K 3-5V P.p
D4 O
y 1N914
1 5
Qt
>
81 2nasos NE s
¥ K 6
/ 4 LM324
0—?:‘__‘1 b 11
1 * Rg R4 2
3.0 22k § o
e MY\ . 47K
2N3%04 b
ce
01
’e + 1
POPULAR ELECTRONICS Fig. 81-1

Q1 is connected in a simple constant-current generator circuit. The value of Q1s emitter resistor
sets the constant-current level flowing from the transistor’s collector to the charging capacitor, C1.

One op amp of an LM324 quad op-amp IC, Ul-a, is connected in a voltage-follower circuit. The
input impedance on the voltage follower is very high and offers little or no load on the charging cir-
cuit. The follower’s output is connected to the input of Ul-b, which is configured as a voltage com-
parator. The comparator’s other input is tied to a voltage-divider setting the input level to about 8 V.

The output of Ul-b at pin 7 switches high when the voltage at its positive input, pin &, goes above
8 V. That turns on Q2, discharging C1. The sawtooth cycle is repeated over and over as long as power
is applied to the circuit.

The sawtooth’s [requency is determined by the value of € , and the charging current supplied to
that capacitor. As the charging current increases, the frequency also Inereases, and vice versa. To in-
crease the generator’s frequency range, decrease the value of C,, and to lower the frequeney, in-
crease the value of C|. The output is about 3 to 5 V.
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SAWTOOTH GENERATOR

Ay +0-12V
Ri
b —---—-———-o] || |] |9VP-P
47K |’:*8 -
100K

1 3 AA
555 W 0 /VV1V P-P

17[3_+z L 4

T 1 D
= bn c1 Nes | o2
K 1 T 2
i pd
POPULAR ELECTRONICS Fig. 81-2

A sawtooth waveform generator circuit using a 555 IC is shown. The IC is connected in an
astable oscillator circuit with the majority of the output contained in the positive portion of the cy-
cle. The negative output is a very brief pulse.

Capacitor C2 charges through R3 in a positive direction during the time that the 1C’s output (at
pin 3) is high. When the output goes negative, C2 is rapidly discharged through D1 and the ICs out-
put.

Peak-to-peak sawtooth output is about 1 V. The linearity of this circuit is best when R3 is as large
as possible. The oscillator’s frequency is about 200 Hz and can be.increased by lowering either the
value of R, or C; to decrease the frequency, increase the values of those components.
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Scanner Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

FM Scanner Noise Squelch

Scanner Silencer
Shortwave Converters for Scanners
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FM SCANNER NOISE SQUELCH

FM
DETECTCR
OUTPUT

i

NATIONAL SEMICONDUCTOR Fig. 82-1

The LM389 is operated in the cut-off mode with pin 12 grounded via one of the internal transis-
tors. A sample of detected noise is taken through a 5-kHz filter. Upon reception of signal, the detec-
tor output quiets, and noise level drops. This increases impedance at pin 12 of the LM389, causing

audio to be passed. The three transistors are part of the LM389.

SCANNER SILENCER
52% 12V
=k
na
o1 &
[2%3 D2 R3
501 47K 1INS14 2.2K
‘V‘.
ci
10pF -+ D1
2 A1 y STPEN
£ 47K
e
“SEE TEXT
k4

POPULAR ELECTRONICS Fig. 82-2

When a scanner is used at amateur radio or CB stations, the scanner sometimes picks up frans-
mitted signal and howls or squeals, When RF is detected, Q1 turns on, energizing K1 and discon-
necting the scanner speakers. SO1 is connected to the transmit antenna lead via a tee fitting. C1 is
optimum for 5- to 10-W 30-MHz use. For higher power or higher frequencies, reduce C1 to as low as
needed. If C1 is so small as to be impractical, R1 can be shunted with a 10- or 22-pF capacitor, as

needed.
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SHORTWAVE CONVERTERS FOR SCANNERS

/7; XTAL X1

C3 A 55MHz

w1 WAL 470F I] ;7

Vi L d

et X
SVEL 10, 0.01uF <4

T0
C5 e J18-138
cz ™ MHz

NE-602 5pF A SCANNER
L33 {La

ANT I
16-75 #1 1
365¢F
L1 6 TURNS 174 in. DIA WOUND OVER L2
£2 20 TURNS 14 in. DIA 1 in SPACING

-

L3 6 TURNS /4 in. DIA OVER 1/2 in. SPACING
L& 3 TURNS 1/4 in. DIA OVER L3
ALL COILS USE No.22 MAGNET WIRE

EARTH
GROUND

73 AMATEUR RADIO TODAY Fig. 82-3

The AM aircraft band at 118 to 136 MHz is used in this converter design as an IF output. The sec-
ond harmonic of the 55-MHz crystal (110 MHz) mixes with the shortwave input of 8 to 36 MHz, An
NE602 IC is used for the mixer. Sensitivity is about 3 pV. If desired, a crystal tuning circuit for fine
tuning can be obtained using a varactor.
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Siren, Warbler, and Wailer Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to.the entry in the Sources section.

Fire Siren

Warble Oscillator
Electronic Siren

Wailing Sound Generator
Two-Tone Siren
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FIRE SIREN

+8V
ol ca
T 10pF
HF tone -
adj. 4 -8
12 Ic2 Audio
13 p 6 NES55 3——|
= d NC HF osc 5 out
11 2
1c1 s 0.1 uF
CDA0T1A 0.1wF 7"

_ ¢ ):10 A A A ,_\ * A |

R4 R5 + G2

470 k() 10 k) —- 470

moduiation I uF
LF osc. h

R1, R2
Freq. and duty
cycle adj.
WILLIAM SHEETS Fig. 83-1

IC! is an LF oscillator that is vatiable in attack and decay time with R1 and R2. The LF output
modulates HF oscillator 1C2, R5 varies the modulation depth. By proper control adjustment, sirens
of various types can be simulated.

WARBLE OSCILLATOR

» L5V

]
IN40O7 39.0)
[ speaker
% § IN4
TIP31 007

WILLIAM SHEETS Fig. 83-2

IC = 74HC132 =

Sections A & B form an oscillator running at 2 Hz, which gates sections € and D, a 1-kHz oscilla-
tor. This drives the TIP31 speaker driver.
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ELECTRONIC SIREN

In this circuit, the LM3909 is used in a simple

T electronic siren. When S1 is closed, C2 begins to

La\—o0 » charge rapidly through R1. When the charge on

I?Jn 51 4?720 + (2 reaches ahout 1V, the osciltator starts. As the

voltage across Cl increases toward +V, the oscil-

8 5 lator's output frequency also increases. Releasing

U1 (opening) 51 removes power from the circuit.

o1 LM3909 The oscillator continues to operate, with a de-

35 2 Jj cline in output volume and frequency until C1
' = discharges to about the. 1-V level.

Experiment with the siren circuit by select-
ing different K /C, combinations to obtain a de-
sired rise and fall output. Change the value of C,
to vary the oscillator’s frequency. Keep the value
of R, at or above 47 Q to protect the IC from
POPULAR ELECTRONICS Fig. 83-3 drawing toc much current.

+3-5v

Iy

2

WAILING SOUND GENERATOR
~ ~ T
R2
A
—— 2N3304 uFT

R1
330 6V

T1=2500to 1 kO Ct
to 4- to 16-(2 speaker
{transistor radio output)

TN

WILLIAM SHEETS Fig. 83-4

In this cirenit, C2 and T1 determine the tone generated and C /R, control the blocking rate. The
signal produced is an interrupted tone, like a police whistle or toy ray gun, depending on C1 and C2.
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TWO-TONE SIREN

+1.5Vv
SPKR
R3 R4
5
2
C1 IC1
R1
8
4
R2 /J7
ICt, 1C2 LM3909 LED. flasher/oscillator
SPKR small 8 Q speaker 8
1 0.1 wF capacitor >
c2 470 wF 6 V electrolytic capacitor C2 IC2
R1 10 k) Va W 5% resistor I+
R2 4.7 k1 Va W 5% resistor 2
R3 100 ) potentiometer il
R4 33 Va W 5% resistor /J7
McGRAW-HILL Fig. 83-5

IC1 generates the main siren tone while IC2 generates a low-frequency square wave, switching
1IC1 between two different tones.
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Sound-Effects Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuil, correlates to the entry in the Sources section.

Complex Sound-Effect Generator
Dual-Tone Generator

Surf Man Sound Generator
Electronic Whistle

Bird-Chirp Sound-Effect Generator
Robotic Chatter Sound Generator
Electronic Wind Chime

Gunshot Sound-Effects Generator
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COMPLEX SOUND-EFFECT GENERATOR

+5V

T
|

(8]
N 8 51—+ — 1c4
! / c2
+
53
4

n

Ic2
€3 l 8 4
+ 2 )

EA s
g— Ré&

3L
52 A
FT

[C1-1C4 LM3909 LED flasher/oscillator Cc4 47 pF 6 V electrolytic capacitor
IC5 7400 quad NAND gate cs 33 wF 6 V glectrolytic capacitor
SPKR small loudspeaker Ch 4.7 uF 6 V electrolytic capacitor
51,52, 53  SPST switch R1,R3,R5 2.2 kf} %W 5% resistor
C1 0.1 pF capacitor R2, R4, R6 10 k{} potentiometer
C2 22 pF 6 V electrolytic capacitor R7 33 1 Ya W 5% resistor
C3 10 wF 6 V electrolytic capacitor R8 100 {} potentiometer
McGRAW-HILL Fig. 84-1

This system uses four free running oscillators to produce a wide variety of complex sounds. LF
oscillator IC3 modulates IC2, which modulates IC1. The audio from IC1 is combined with a variable
‘frequency from IC4. Switches at various points allow oscillators IC3 to be switched in or out, IC1 and
IC2 to be varied in frequency, and 1G4 also can be varied in frequency. The circuit is not critical and
different arrangements can be tried to produce various sound effects.
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DUAL-TONE GENERATOR

+9V-12V
cr
Rg-a :';..] 470 Ro-b &,
HOOK 3 % 100K Y
e e o ———— - R IS §
— L
1:' R1 jk Rz
Fisk — F15K
SPKR1 SPKR2
al7 le 5160 8-160 817 |5
U1 u2
565 5655
1 ]2 3 [4 1[2 |3 Ii
= | 405 = | =
10 )I *
o) 4
i€ 10
c1 =k c3 cz
001-22 001-22 1 go1-227
. Q2
2NZ222
Q1
2M2222  §
-.I_- A5 £ a3
R4 iE e 10K ¥ 2N2222 v
1K FI0K Ly s ¢ =
4}_‘(;- KT Rs &
>
10K S3 szc 100K 4
POPULAR ELECTRONICS Fig. 84-2

Two 555 oscillator/timers are configured similarly as audio oscillators, with each oscillator feed-
ing a separate speaker.

A dual 100-kQ potentiometer is use to tune the two oscillators simultaneously. The oscillators’
frequency range is controlled by a dual-transistor switch, which selects the timing capacitor for both
oscillators. Although the circuit only shows two range-switching circuits, any number can be added
by simply duplicating the two-transistor switching circuit.
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SURF MAN SOUND GENERATOR

A3 C14
680K 220pF
‘"‘"
$R12
< 15K
’VREF
o
+
50K VW
M |- R26
— 1 12082 N -

1C1-b
/s TAHC14

Yy

AW O————
?g: E 1C2-b C15 £_ I
/2 5532 220gF

ELECTRONICS NOW Fig. 84-3

Three low-frequency oscillators (IC1d, e, T) are used to simulate “wave action” of the surf. Q1 is
an emitter-base junction used as a diode noise generator, biased by de derived from oscillator IC1-c.
The noise is fed into two voltage-contrelled filters R22, R23, C12, C13, with D3 and D4 as “tuning” el-
ements. The low-frequency oscillator signals randomly vary the filters, therefore, the spectrum of
the noise signal fed through them. This simulates the sound of a surf.
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ELECTRONIC WHISTLE

c2 c3
0.001 pF 0.001 pF
| L . | £
AN RN
R1
10 k2
SW|tch ™ =
momentary |
A3 A | %» Qutput
* + ny op amp 0.01 uF
10 k) A5
C1 + R2 100 kf)
100 10 k()
R4 C4
- = 100 kQ2 0.002
T nF

WILLIAM SHEETS Fig. 84-4

The circuit shown is a twin-tec oscillator. R1 varies the pitch, R2 the duration, and R3 the for-
mat (bell, rise & fall time, ete.). Vary R4, R5, G4 and C2, C3 for large shifts in frequency.

BIRD-CHIRP SOUND-EFFECT GENERATOR

+1.5V
e
2 5
L |
C1 IC1
IC1, 1C2 LM3909 LED flasher/cscillator IC
4 Cl1 33 pF 5 V electrolytic capacitor
C2 0.1 pF capacitor
R1 15 k§ Ya W 5% resistor
R2 33 Q Va W 5% resistor
: R3 250 {) potentiometer
Rt 5 SPKR smalf 8 (} speaker
c2 12 2
2 R3

3.

SPKR

McGRAW-HILL Fig. 84-5

A low-frequency oscillator modulates a higher frequency oscillator, which drives the speaker.
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ROBOTIC CHATTER SOUND GENERATOR

1C1

Rl R
f)? Ics 1T AA—S

R2 12 f——nAN—9

— 3 R12 R17
IC2

3

ICé

A;, 2 4 L} SPKR

R14

iIC4 C4 l‘—Q/\ﬂ-—’\/\/\,——

Ris5 R16

MeGRAW-HILL Fig. 84-6

This circuit simulates sound effects of a robot, for toy or novelty applications.
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ROBOTIC CHATTER SOUND GENERATOR (Cont.)

©—>—
@
(o)——t:

1C5

Decoder

Control
voliage

Outputs Y

IC1-1C4, IC6 LM3909 {ED flasher/oscillator R5 6.8 kil 4 W 5% resistor
ICS 74L5138 three-line to eight-line decoder  R6 10 kf} potentiometer
SPKR small loudspeaker R7 2.2 k{} Va W 5% resistor
C1 10 wF 10 V electrolytic capacitor R8 33 k{} e W 5% resistor
C2 22 pF 10 V electrolytic capacitor R9 3.9 kil Va W 5% resistor
C3 33 pF 10 V electrolytic capacitor R10 4.7 k) . W 5% resistor
C4 100 wF 10 V electrolytic capacitor R11 100 k() Y4 W 5% resistor
<5 0.01 uF capacitor R12 470 k€ Ya W 5% resistor
Cé 0.1 uF capacitor R15 100 £ potentiometer
R1, R3, R14 10 kf) potentiometer R16 330 Y4 W 5% resistor
R2, R4, R13 3.3 k) Y4 W-5% resistor R17 1 ML Y W fixed resistor
ELECTRONIC WIND CHIME
R2 R3
im
C2 [en}

McGRAW-HILL

i
%m

g1 >oﬁ
1151 J,_

Fig. 84-7

The value of R, controls the damping or de-
cay time of the feedback circuit (a twin Tee oscil-
lator). When S1 is closed, the circuit breaks into
oscillation. When 31 is opened, the circuit stops
oscillating generating a decaying tone like a bell.
The frequency is approximately ¥RC. C1, C2, and
C3 are typically in the 0.01-uF range.
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GUNSHOT SOUND-EFFECTS GENERATOR

+9Vdc
o

From output
of 741

Cs RE

OlpF  10kQ +9Vde

14T S1

Manual

o o—

F-
w0

RL pAnB20
L R2 jn 680k 5
" 1

R4 mp}.BkQ 10
RS\MN\ISOI:Q 1 sﬂi‘rcf,lw?
Cl | 390pF

7V
C2 .68pF

.O1pF
C3 }} B 2

+9Vde

McGRAW-HILL Fig. 84-8

Gunshot sound-effects generator built around a Texas Instruments SN76477 sound chip. An in-

put pulse causes IC1 to generate a gunshot sound.
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85

Square-Wave Generator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The ligure number in the box of cach circuit correlates to the entry in the Sources section.

Square-Wave Generator
Sharp Squarc Waveforms from Multivibrator
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SQUARE-WAVE GENERATOR

117 VOLTS
AG QUTPUT

lll—-b

BV
vy LEVEL
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R3 514 0:*'1 |
47000 i =+
__________ 4 - Tl

POPULAR ELECTRONICS

Fig. 85-1

A 80-Hz waveform from T1 drives an audio amplifier to clipping. Output is 60 Hz with about 0- to

1.4-V p-p amplitude.

SHARP SQUARE WAVEFORMS FROM MULTiIVIBRATOR

’ + ’ ’ ’ > +3t012V

2R 2R, A1 A2 2R, 2R,
< .

Q1 Q2

2N3904 p » ;\2%3904
C

= c2 | g; =

WILLIAM SHEETS

IN914 Ry =22k} A=

Hee O

Fig. 85-2

By using diodes as shown, the loading effect on the collector of the transistors caused by the tim-

ing capacitors can be avoided. As the collector of the transistors rises toward V..,
nects the timing capacitors.

the diode discon-
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86

Staircase Generator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the-entry in the Sources section.

Stepped Triangle Waveform Generator
Video Staircase Generator
Free-Running Staircase Wave Generator
Up/Down Staircase Wave Generator
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STEPPED TRIANGLE WAVEFORM GENERATOR
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POPULAR ELECTRONICS Fig. 86-1

Two gates of a 4011 quad two-input NAND gate {U1) are connected in a pulse generator circuit.
The square output at pin 4 of Ul-b, connects to the clock input, pin 14, of a 4017 decade counter IC
{U2). For each-input clock pulse, the 4017 takes a single step. Because the 4017 counter is set up to
count ten and then repeat the count, the stepped output frequency will only be ¥ of the clock fre-
guency. For a 100-Hz output, the clock generator must operate at 1 kHz.

The 4017’s positive output pulses begin at pin 3 and progress to pin 11 in a serial manner. The
first output pulse, at pin 3, passes through D1 and R8 and appears across R4 to produce the first step
up the triangle. The second pulse is routed through D2 and R7 to produce the second step. The out-
puts at pins 10 and 1 form the top of the wavelorm and outputs al pins 5, 6, 9, and 11 produce the
down steps.
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VIDEQ STAIRCASE GENERATOR

Lo

41 0.01
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10 k()
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WILLIAM SHEETS

+5V

330 &2

+5V

Fig. 86-2

Using a 74HC161 counter and a simple D-A converter using an op amp and resistor network, a
very simple video staircase generator for gray-scale generation (12 bars) can be obtained, The out-

put is clean and mostly free of “glitches.”
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FREE-RUNNING STAIRCASE WAVE GENERATOR

0K 1N914 |
3 ct

0.1 uf

Your

ANP 2
INTEGRATOR

PULSE GENERATOR

109 pf
RESET
PULSE
510K
LM3900 ONE SHOT w/
INPUT COMPARATOR
Vo
R3
1.2M
—tg
'S4
NATIONAL SEMICONDUCTOR Fig. 86-3

This free-running staircase generator uses all four of the amplifiers, which are available in one
LMB3900 package. Amp 1 provides the input pulses that “pump up” the staircase via resistor R1. Amp
2 does the integrate and hold function and also supplies the outpul staircase waveform. Amps 3 and
4 provide both a compare and a one-shot multivibrator function. Resistor R4 is used to sample the
staircase output voltage and to compare it with {he power supply voltage (V+) via R3. When the out-
put exceeds approximately 80% of V+ the connection of Amps 3 and 4 causes a 100-us reset pulse to
be generated. This is coupled to the integrator (AMP2) via R2 and causes the staircase output volt-
age'to fall to approximately 0 V. The next pulse out of Amp 1 then starts a new stepping cycle.
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UP/DOWN STAIRCASE WAVE GENERATOR

¥o

INPUT PULSES

JLIL T
‘ ) LM3200

™ AMP 1
INTEGRATOR

PULSE
GENERATCR

SCHMITT - TRIGGER
NATIONAL SEMICONDUCTOR Fig. 86-4

This staircase waveform first steps up and then steps down by the circuit shown. An input pulse
generator provides the pulses that cause the output Lo step up or down, depending on the conduc-
tion of the clamp transistor, Q1. When this is ON, the “down” current pulse is diverted to ground and
the staircase then steps “up.” When the upper voltage trip point of Amp 2 is reached, Q1 goes OFF
and as a result of the smaller “down” input resistor {one-half the value of the “up” resister, R1), the
staircase steps “down” to the low-voltage trip point of Amp 2. The output voltage, therefore, bLpr
up and down between the trip voltages of the Schmitt Trigger.
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87
Stepper Motor Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Stepper Motor Pulse Generator

Stepper Motor as Shaft Encoder
Stepper Motor Encoder Cireuit
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STEPPER MOTOR PULSE GENERATOR

|
| w1 T
Pugh-button -
switch “c%u b _]_ 6
N
¢ 40468 1] O
11
R
_La 100k
ELECTRONIC DESIGN Fig 87-1

When the switch is in its normally closed (NC)} position, capacitors C1 and C2 are held dis-
charged by diodes D1 and D2. Switching off transistor Q1 inhibits the voltage-controlled oscillator of
the PLL. The two inputs and, hence, the output of the EX-OR gate (phase comparator 1) of the PLL
remain at the logic 0 level.

When the pushbutton is pressed, C1 and €2 are allowed to charge via resistors R1 and R2. The
V(O is enabled only after a time delay (=0.5 second) set by R1, R3, and C1. During this delay period,
the EX-OR gate output follows the logic level at the switch output. As a result, one-shot pulses can
be generated by pressing the pushbutton, then rcleasing it within 0.5 second. Rb provides the
switch-debouncing function.

If the pushbutton is pressed for more than 0.5 second, the VCO is enabled. The rising voltage at
the control input { pin 9) causes a linear increase in VCO frequency and thus accelerates the step-
per motor. Releasing the pushbutton discharges C1 and C2 and inhibits the VCO,

STEPPER MOTOR AS SHAFT ENCODER

. RATE
=
PHASE1 -
A'A'A' +
A1
o
STEPPER R2
To use a stepper as a shaft encoder, the out-
AR .
oMOTOR Al R2 put signals must be converted to squarc waves
MM 3 with a pair of voltage comparators.
PHASE 2 -
= DIRECTION
ELECTRONICS NOW Fig. 87-2
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STEPPER MOTOR ENCODER CIRCUIT

Ic2 +Y
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o 1 33K ca
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D4
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A7 + R8 ~~ Roa £R%b Ez’?. 9
Whvenf Ls 4 g
ELECTRONICS NOW

Fig. 87-3
This circuit translates shaft rotation and direction to a readout on an LED display. A stepper motor is used as an encoder.
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Switching Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Isolated Switch

Analog Switched Inverter

Analog Switch Circuit

Low Output Impedance Multiplexer

Op-Amp and Analog Switch RON Compensator
Oscillator Triggered Switch

Basic Zero-Crossing Switch Circuit

Analog Switch

Shunt Pin-Diode Switch

Receiver Bandswitching

Resistor Pin-Diode Switch

Digitally Controlled One-of-Four Analog Switch

Pin Diode Switch
Transceiver T/R Switch
Series/Shunt Pin-Diode RF Switch
Auto-Off Power Switch
Switch-On Delay Circuit
HEXFET Switch Circuits
Alternating On/Off Control
Aundio-Controlled Switch
Switch Debouncers

Simple Switch Debouncer
Analog Switch Circuit
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ISOLATED SWITCH

+5-12v
R3
n
470G ANZS
SWITCH
o] TN
IN o—=

PCPULAR ELECTRONICS Fig. 88-1

This de-controlled switch uses an opteisolator/coupler, Ul, to electrically isolate the input signal
from the output control device.

ANALOG SWITCHED INVERTER

auap
SWITCH
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10k
10V Ving 6o o AP
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10002
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ANALOG DEVICES Fig. 88-2
ANALOG SWITCH CIRCUIT
MAY BE REQUIRED
QUAD FOR STABILITY
SWITCH xa 1 TGO COMPENSATE
EFFECT OF Cg
+10v o._.:.?: | oo F—
1ok {
110V o—aA oo p W
10k
110V o—va\,—-_o/,-.- — =
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Fig. 88-3

ANALOG DEVICES
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LOW QUTPUT IMPEDANCE MULTIPLEXER

fa!
Ryp, 681
Input B R1n o 34
7 681
kS Ryp 11?31“43
75 ] .
1€
Rsp
- 2000 Cyp
Channel 0.047yF
swiich =
Inhibit bp U1
::gk 0 — (48
U1: CD4011; U2 : HASOZ2/24 1||41 1&8 0.047uF
ELECTRONIC DESIGN Flg. 88-4

Both inputs are terminated in their characteristic impedance; 75 € is typical for video applica-
tions. Because the output cables usually are terminated in their characteristic impedance, the gain is
0.5. Consequently, amplifiers U2A and U2B are configured in a gain of +2 to set the circuit gain at 1.
R, and R, determine the amplifier gain; if a different gain is desired, £, should be changed according
to the equation G = (1 + R/R,). R5, LCL1, and D1 make up an asymumnetrical charge/discharge time
circuit that configures Ul as a break-before-make switch to prevent both amplifiers from being ac-
tive simultaneously. The multiplexer transition time is approximately 15 ps with the component val-
ues showmn.

OP-AMP AND ANALOG SWITCH RON COMPENSATOR

RF
10k
—ANA
PHASE COMPENSATION
TO CANCEt EFFECT OF Cs

v 4
R1 10k SW2
oAt o
A2 10% SW3
——AAAt et o —_

R3 10k | Swa b2 VouT

ALWAYS "ON"

|_._

CMOS SWITCH

C5 OF
L SWITCHES

N
v

ANALOG DEVICES Fig. 88-5

This switch is in series with feedback resistor Lo compensate gain.
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OSCILLATOR TRIGGERED SWITCH
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POPULAR ELECTRONICS Fig. 88-6

In this circuit (the oscillator-triggered switch), the HEXFET's base bias is provided by a signal
generated by an astable oseillator,

BASIC ZERO-CROSSING SWITCH CIRCUIT

lf' T T THoTe T LT T T T T T T
. TRANSISTOR
C T
|
ne : L ZERO-
VOLTAGE
CONTROL, ¥ 3 ;'_ Tricoen
SIGNAL - ligp ) CIRGUIT
! $
o—1
|
b
ELECTRONICS NOW Fig. 88-7

Here is the schematic of a solid-state ac relay with zero-crossing. The triac permits the relay to
switch to ac directly.
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ANALOG SWITCH

ELECTRONIC DESIGN Fig. 88-8

This design lakes advantage of the strobed output stage of a CA3140 amplifier. With the strobing
capability, the circuit’s output voltage can be set to either of the input voltages by grounding one of
the control inputs, either A or B.

Wher the strobe input at pin § is taken below 1 V, that amplifier is disabled. The remaining am-
plifier then acts as a unity-gain high-impcdance buffer.

The 10-k€2 output resistor cnables the output voltage to swing down to 20 mV from ground. The
Zener-diode clamps and associated resistors connected at the strobe inputs can be omitted for the
lowest-cost applications. However, experience has shown that they allow the amplifiers to shrug off
the effect of high transient voltages.

The circuil is particularly suited to 8-bit microcontroller applications, where the strobe mputs
can be driven directly from two open-collector output ports under software control.

"The use of Schottky diodes for D1 and 12 makes possible an output swing of 2.5 V when the cir-
cuit is powered from a 5-V supply.

SHUNT PIN-DIODE SWITCH

R1 51
+12vDC

c2 This PIN-diode switching circuit directs sig-
INo—— +—}—oo0ur nals to ground when D1 is forward-biased. R1 is
typically 470 Qto 2.2 kQ. C, =C, = 0.1 uF.

‘™

POPULAR ELECTRONICS Fig. 88-9
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RECEIVER BANDSWITCHING

BANDPASS FILTER NOQ.1

D3 & BANDPASS FILTER NO .2

! A \ =

co
150pF x4

51 ,JJ
+12VDC T
FyYy

POPULAR ELECTRONICS Fig. 88-10

Eight-band receiver front-end selection can be accomplished by using PIN diode switches.

RESISTOR PIN-DIODE SWITCH

51
VWO + 12VDC

R1
2.2K °
.1 01 ‘1
IN o—)}— ouTt
R2
2.2K

POPULAR ELECTRONICS Fig. 88-11

This circuit uses resistors instcad of RF chokes to keep costs low. The values of R, and R, should
be no lower than about 1 k€ to minimize loss.
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DIGITALLY CONTROLLED ONE-OF-FOUR ANALOG SWITCH

+V

[

.

1C1

_/—\'/7;

IC2A
A B
Digital
control
inputs
McGRAW-HILL Fig. 88-12
1C1 = CD4066
1C2 = CD4001
IC3 = CD4049
All capacitors = 0.1 uF
PIiN DIODE SWITCH
A1 Si
—a= +12VDC
IN ouT
POPULAR ELECTRONICS Fig. 88-13

This PIN diode switch uses RF chokes and a single diode. R1 is typically 470 Q to 2.2 kQ.
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TRANSCEIVER T/R SWITCH
ANTENNA

TRANSMITTER RECEIVER

ANT. ANT.

e J' cz {’;AM TRANSMISSION LINE SECT[ON4><
D1
|- 2

L1 — =
= L3
51

—0 _O— +12V0DC
POPULAR ELECTRONICS . Fig. 86-14

This transceiver’s transmit/receive switch uses PIN-dinde instead of 4 relay. On receive, DI is cut
off, D2 is cut off and the antenna connects to the receiver. During transmit, D1 is forward-biased, as
is DZ. This connects the receiver input. This causes the input impedance of the transmission line to
be high, so little transmitter power reaches the receiver. Although not shown in the schermatic, the
12-V supply should have a series resistor of 100 Q to 2.2 kQ, depending on diode current, to limit
diode current to a safe value.

SERIES/SHUNT PIN-DIODE RF SWITCH

+12VDC

POPULAR ELECTRONICS Fig. 88-15

A combination of series and shunt switching, like that shown here, results in superior isolation
between the input and output when in the off condition.
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AUTO-OFF POWER SWITCH

N MOMENTARY
LNV TO6Y = o Swick
L
- 7
Vs
MAXIN
MAX821
R N+ |3 l_
4T ¢ = ?1
11 -
) VBATT 0.15V
10mA
100 v -
7 1}
MAXIM Fig. 88-16

This timed switch circuit can be used where a timed power source is needed. The on-time is ap-
proximately 4.6 EC.

SWITCH-ON DELAY CIRCUIT

Load A <
holding

up to max. SCR rating

-G

WILLIAM SHEETS Fig. 88-17

When S1 is turned on, a very small current flows through the load. Almost the entire supply volt-
age appears across the SCR. When C1 changes up to the firing voltage of Q1 (approximately the
standoff ratio of Q1 times ¥, usually 0.4 t0 0.6 V) through R1, Q1 fires, turning on SCR1. This deliv-
ers full voltage to load, minus SCR drop (about 1.2 V). Notice that load current must exceed SCR

holding current.

611



HEXFET SWITCH CIRCUITS

: &

IRF511

- rh
JIL -
o] 0
IN4QO2
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POWER
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IN
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POPULAR ELECTRONICS

Fig. 88-18

The HEXFET can switch de power to relays (as shown in A), motors, lamps, and numerous other
devices. That arrangement can even be used to switch resistors in and out of a circuit, as shown in Fig.
88-18B. R1, R2, and R3 are possible load resistors and represent load configurations that, can be used.

ALTERNATING ON/OFF CONTROL

10 k)
——"\/\/\v—> Qutput

IC1, g = Two inverters
CMOS any type

WILLIAM SHEETS

Fig. 88-19

When the switch is closed, it. causes a change in the state of pins 1 through 8. This will provide a

toggle flip-flop action.
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AUDIO-CONTROLLED SWITCH
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POPULAR ELECTRONICS ‘Fig. 88-20

The audio-controlled switch combines a pair of 741 op amps, two 2N222 general-purpose tran-
sistors, a HEXFET, and a few support components o produce a cireuit that can be used to turn on a
tape recorder, a transmitter, or just aboul anything using sound.

SWITCH DEBOUNCERS

|-| 01 wF $200K
?——_4}_ These circuits will cure problems caused by
= . switch-contact bounce. The one shown in Fig.
88-21A provides you a positive output pulse, and
—l_ | I the one shown in Fig. 88-218 provides you a neg-

ative output pulse.

Y

200K

&

ELECTRONICS NOW! Fig. 88-21
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SIMPLE SWITCH DEBOUNCER

+ O +51t015V

Output

Pressing S1 discharges C1 through R1, causing Q1 to cut off, forcing the output high. Once C1 is
discharged below the V. (ON) of Q1, switch bounce will have no effect on the output.

WILLIAM SHEETS Fig. 88-22

ANALOG SWITCH CIRCUIT
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10V ot—oo- e AA Ay
™
£10V 6—~o"0 AAA——t
© VauT

10V Ot -"AA—O-

Ron =

10002 N\

ANALOG DEVICES Fig. 88-23
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89

Sync Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

PLD Synchronizes Asynchronous Inputs
Syne 'Tip de Restorer

Synec Stretcher Circuit

Synchronizer Circuit
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PLD SYNCHRONIZES ASYNCHRONQUS INPUTS

l Internal feedback path

I
| Synchronized
Asynchronous 0 @ | input
input | o T I
1 System clack

System clock ., -
Asynchronaus W
input AN
o \J ]
0z N

ELECTRONIC DESIGN Fig. 89-1

A programrmable clectrically erasable logic (PEEL) device can easily supply the synchronizing
function. Digital systems ofien require synehronization of asynchronous inputs to avoid the potential
metastabilily problems caused by selup-time violations. A common synchronization method uses
two rippled 74LS72 D-type flip-flaps.

In this cirenit, the asynchronous input feeds inte the D_input of the first flip-flop and ils Q out-
put teeds mnto the D of the second. Because the first flip-flop latches on the falling edge of the sys-
tem clock, to avoid sctup-time violations, the D input signal to the second [lip-flop will be stabilized
before the rising edge of the clock. Even experienced programmable-logic device designers often re-
sorl Lo such a TTL flip-flop circuit 10 handle the synchronization function, because of the architec-
tural limitations of standard PLDs.

A programmable clectrically erasable logic (PEEL) device, such as the PEELISCVS from ICT,
however, can easily supply the function. The user-programunable 12-configuration /0 macrocells in
the device can internally feed back a signal before the output register. With this feedback arrange-
ment, designing a two-stage input is simpte.

A gated-latch internally latches the asynchronous inpul on the-falling edge of the system clock,
generaling signal Q1. ANDing-the input with Q1 through the internal feedback path, eliminates a pos-
sible hazard condition during the clock’s high-to-low transition time. The latch then holds @1 stable
to ensure meeting the setup-lime requirement of the subsequent D flip-flop, which, as belore, regis-
ters the signal on the next rising system clock edge.

If by chance the input pulse width violates the set-up time of the gated lalch, the clock’s low time
will give more time for settling.
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SYNC TIP dc RESTORER
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Fig. 89-2

ANALOG DEVICES

The dc restorer shown supplies a video signal with sync Lips clamped to a baseline level. Clamp
drive signal is supplied from clsewhere, usually a sync generator or a sync separator.
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SYNC STRETCHER CIRCUIT
+12V

Syng tevel

Incoming N

video @
1.0V p-p I

1]
ZN5089

ELECTRONIC DESIGN ‘Fig. 89-3

@1, Q2, and Q3 comprise a simple video amplifier and sync stretch circuit. Transistor Q1 sync
strips the incoming video, which is amplified and mixed with the stripped sync in Q2. Q3 supplies in-
version and video amplitude control.

SYNCHRONIZER CIRCUIT

b M b 02 .
Asynchronous T T Synchronized input

input [_

i
]

System clock
System ¢lack
Asynchronous 4—\—/—E—FT
input ANAY
13]
02

ELECTRONIC DESIGN Fig. 89-4

This common synchronization method uses two rippled 74L574 D-type flip-flops.
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90

Telephone-Related Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the hox of each circuit correlates to the entry in the Sources section.

Telephone Line Tester

Caller ID Circuit

Telephone Call Restrictor
Telephone Scrambler

Universal Telephone Hold Circuit
Telephone Ring Amplificr

Bell Systerm 202 Data Encoder
Telephone/Audio Interface
Telephone Recording Circuit
Telephonc Bell Amplifier
Phone Line Simulator

Phone Helper

Telephone Ring Signal Detector
Telephone Hold Circuit
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TELEPHONE LINE TESTER
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RADIG-ELECTRONICS Fig. 80-1

The telephone-line tester shown in the figure is connected to the telephone line through modu-
lar connector P1. Because the tester’s LED polarity indicator is always connected when the tester is
plugged in, the instant that the unit is connected, you will have an indication of the polarity. If it is
correct—that is, if the green wire is the positive side and the red wire is the negative sidc—mnothing
will happen. If the situation is reversed, the LED will light.

With switch S1 set for LINE/RING, both 51-a and S1-b are open and the meter indicates the con-
dition of the line voltage. Any line-voltage reading in the LINE OK range (more on the meter in a mo-
ment) indicates a line voltage that is higher than 40 Vdc. If the telephone is caused Lo ring, either by
using a ringback number or by dialing from another phone, the meter will indicate RING OK, and the
LED will pulse (indicating ac), il the ringing voltage/current is correct. The actual position of the me-
ter's pointer depends on how many ringers are connected across the line.

When S1 is closed the veltage range of the meter is changed and a nominal foad resistance of
230 Q(R6 and R6) is connected across the line to emulate the off-hook load of the telephone. If the
meter indicates LOOP OK, you can be certain that you have sufficient loop vollage for satisfactory
telephone operation. If you place another load on the line, perhaps by taking an extension telephone
off hook, the meter reading will aimost invariably drop below the LOOP OK range. If lifting the hand-
set causes the meter reading to drop, you can at least be certain that the telephone’s hook switch is
working and that the repeat coil is connected to the line.

620



CALLER ID CIRCUIT
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THE HEART OF THE CALL.ER ID circuit is microcontroiier IC1 which processes
the geriat data from I1C2, outputs ASCIl cheracters to DISP1, and moniters awitches
$1-83.
FIRST AING 05, , 05 SECOND RING
2SECONDS | sEC ISEC|  2SECONDS
1
0101 1 DATA .
|
] i ]
RING DETECT (12) Lo :
) I ] I
! t I
1 | !
CARRIER DETECT (13) ! i !
" ; !
! 1 !
| 1 1
DATA OUT (15) .
|
I DATA
I
POWER UP (7) ' ] ;
— \ .
) 1
! t
TIMING RELATIONSHIPS between the data present on the phone line (top),
and the output ping of 1C2.
ELECTRONICS NOW Fig. 80-2

This cireuit requires programming of the microcontroller. Software information is available from
the reference in the original article.
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TELEPHONE CALL RESTRICTOR
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ELECTRONICS NOW Fig. 90-3

This circuit is designed ta restrict phone calls with the area codes: 800, 976, and 540. This device
uses a microcontroller to compare the DTMF decoded tones with telephone numbers stored in EEP-
ROM (1C3). This device requires a programmed microcontroller. Software and detiils of program-
ming can be found in the original magazine article,

622



€29

TELEPHONE SCRAMBLER
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= 100K

ELECTRONICS EXPERIMENTERS HANDBOOK

Fig. 90-4

This circuit uses the usual speech inversion algorithm, implementing it with a COM9046 ASIC. This unit is designed to {it be-
tween the handset and base of a standard telephone, It is powered by a 9-V battery.




UNIVERSAL TELEPHONE HOLD CIRCUIT
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ELECTRONICS NOW Fig. 90-5

The telephone line is connected to the hold components through bridge rectifier BR1 so that the
Input is not polarity sensitive. If you have touch-tone telephone service, you can now put a call on
hold from any phone in your house by plugging this simple device into any telephone jack. The uni-
versal hold-circuit works with any phone that has a key pad with a # key. To-put a call on hold, press
the # key and hang the phone up. A timer extends the #-key function while you hang up phones that
Jhave a keypad built into the handset.

TELEPHONE RING AMPLIFIER

H - -
R4 D D3 o
$33K N 415 PRLGES 3804 B71
+
Pt =
+ 0 1 ( D1 C4
Telephone 47 K IN4148 220070
line R2 " R3g ==':05 4700 nF
? 47K 1MEGY 0.22 63V
— -D—%—I . G
2R5 C2 D4
T3k 022 IN4148
ELECTRONICS NOW Fig. 90-6

This circuit takes its operating power from the telephone line. BZ1 is a piezoelectric transducer.

624



BELL SYSTEM 202 DATA ENCODER

6200pF Raur
f
—[ [:LI 5] [#] ‘J:l” E—I - ouTPUT

OFFSET T CAP. FUTER

AD537 CURRENT-TO- —.—OUTPUT
FREQUENCY DRIVER
CONVERTER
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REFERENCE

CMOS/TTL g G| @
DATA INPUT 12k £1%
7 sl |s 4 3 z 1
= OEogugoREat
1
82k 1ok 1% & &1k T
ANALOG DEVICES Fig. 90-7

The ADB37T is well-suited for frequency-shift modulator and demodulator applications. Requir-
ing little power, it is especially appropriate for using phone-line power. The Bell-Systerm 202 data en-
coder shown here delivers the mark frequency of 1.2 kllz with the data input low. When the input
goes high, the timing current increases to 165 A and generates the space frequency of 2.2 kHz. The
trim shown provides a +10% range of frequency adjustment. The output goes to the required band-
pass filter before transmission over a public telepheone line. A complementary demodulator is easy to

implement.

TELEPHONE/AUDIO INTERFACE

BLACK
ot RED N
o_| GREEN -
o] YELLOW o
J1 PL1 -
600:600 PLAY
cg < R1 o
“ SEC  pp T ts';lo__o_PLf_
47K SPDT9 i—"°
POPULAR ELECTRONICS Fig. 90-8

The telephone audic interface—essentially, a simple isolation/couple eircuit—isolates the phone
line [rom any connected audio circuit without presenting any danger to the phone line, the equip-
ment, or the user.
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TELEPHONE RECORDING CIRCUIT

To phone line
Ring O Tip C

Remote control

o

. Note: st phone wiring, ring is ;o tip i .
To phone instrument ote: On most p iring, ring is red; tip is grecn

R 4.7 k@

R2,R3 10 k0

C1 0.47 uF disc

c2 0.001 uF disc

T 8 k{l-to-1 k0 impedance-matching transformer

RL1 SPST reed relay

All resistors are 5 to 10 percent talerance, 1/a watl. All capacitors
are 10 to 20 percent tolarance, rated at 35 volts or more,

McGRAW-HILL Fig. 90-9

This device will automatically record telephone calls. An ordinary cassette recorder can be
hooked to it.

TELEPHONE BELL AMPLIFIER

}

9to12V
Telephone 47K
line Ry C2 c3
t 47k 0.22 20 wF
ELECTRONICS NOW Fig. 90-10

Telephone “bell” amplifier circuit will let you hear (or see) an enhanced alarm if you are away
from your telephone.
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PHONE LINE SIMULATOR

AV * < TIP (GREEN)
R1 R2 J2 (NOTE 2)
47062 47K
129, 500mA
o i, RG1 LEDM ——<_RING (RED)
4 20z | L
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(TOGGLE 33K E 100K ; U
SPDT) < Agﬁs% i1 ;——*HP-—-—-——( TIP (GREEN)
556
5
p A5 + c3
3' {1 2l 1 o1
NOTES: =

1. MATES WITH AC-TO-DC ADAPTER PLUG
2. LOCATED IN WALL PLATE

ELECTRONICS NOW Flg. 80-11
This device contains a ringing generator and a tone oscillator, The tone oscillator is set-to either

350 or 440 Hz. The ringing generator is a potted module delivering 86 Vac at 20 Hz. It is available
from a source listed in the reference.

PHONE HELPER
P
51 (GREEN)
SPDT TOGGLE ”
R1-1K
" : iSee TEXT)  (RING) RIS .
= + 1 :: R3 LED1
£ T 1000uF § 2.2 =\:‘
R4 " —o 1+ =
120VAG " 100K ::._T 8l {4 =+
(FREQIT 7 1N&TAZA mg
T IC1 72V )
[SEE TEXT) hog l_gJ 555 2
Y. 7 TIP
¢ 24— (cReem)

S
% 3 3 spoTT0GGLE
' 1 {DIAL TONE)
RADIO-ELECTRONICS

Fig. 90-12

Thig phone-line simulator uses a 60-Hz transformer instead of a ring generator. The dial tone is
provided by an NE555 astable oscillator.
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TELEPHONE RING SIGNAL DETECTOR
Tl
O_d Vee

2k B2
i b

4
M ! —_—
14148
} "
il I
: Ring Tﬂﬂl‘lF -

ELECTRONIC DESIGN Fig. 90-13

—— O
Ity
w3

Discriminating between telephone-ring signals on a phone line can be accomplished by using
dedicated ICs, such as AT&T's LB1006AB or Texas Instrumentis’ TMS1520A. However, if the system
already is using a microcontroller, those dedicated chips can be replaced with simpler hardware and
a few bytes of code.

Looking at the setup, the ringing voltage pulses the optoisolator’s LED; which, in turn, pulses the
low-asserted RD linc to the microcontroller. The firmware analyzes the pulses to determine whether
a valid ringing signal is present.

The frequency limits of a valid signal are 20 to 80 Hz, which is modulated 2 seconds on and 4 sec-
onds off (with distinctive ringing, though, this cadence can vary). Therefore, the simplest analysis is
‘to count down at least 20 pulses of RD in 1 second.

The routine could be expanded to determine what type of ring signal is present in a distinctive
ring sctting. Such a system could switch the phone line to various output jacks. As a result, several
phone devices.could use the same line without first picking up the line to determine if it’s a voice, fax,

-or data call.

TELEPHONE HOLD CIRCUIT
51 R3
hold 1.5 k{2
——C Red
A1 D1 Tl line : .
1 ki Red When the held button S1 is pressed, SCR1
LED ——C Green

fires via R1 and R2, firing SCR1, and seizing the

SCR1 line via the path through R3, D1, and SCR1.
R2 MCR104

1 k)

WILLIAM SHEETS Fig. 90-14
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91

Temperature-Related Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of cach circuit correlates to the entry in the Sources section.

Electronic Therinostat

Termperature Controller

Manual Control for Heater

Proportional Temperature Controller

Eight-Input A/D Converter for Temperature
Measurements

Cold Junction Compensalion for a Grounded
Thermocouple

Absolute Temperature Log with RS-232

Centigrade Thermometer with Cold-Junction
Compensalion

1.5-V Electronic Thermometer

Two-Wire Temperature Scnisor Output
Referenced to Ground

Two-Wire Remote Temperature Scnsor with
Sensor Grounded

Single-Supply Temperature Sensor {(-50to
+300°F)

Basic Fahrenheit Temperature Sensor

Temperature-lo-Frequency Converter {Celsius)

Temperature-to-Frequency Converter (Kelvin)

Differential Thermomecter

Optoclectronic Pyrometer

Bar-Graph Room-Temperature Display

LM3911 Temperature Controller

Thermocouple Amplifier with Cold-Junction
Compensgation

Precision RTD Amplifier Circuit for +6 V

Full-Range Fahrenheit Temperature Sensor

Iimproved Thermostatic Relay Circuit

Thermocouple Cold-Junction Compensation

Temperature Differential Detector

Thermostatic Relay Application

Temperature Controller

Temperature-to-Digital-Output Converter

Freeze-Up Sensor

Zero-Voltage Switching Temperalure Regulator
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ELECTRONIC THERMOSTAT
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R16
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ELECTRONICS EXPERIMENTERS HANDBOOK Fig. 91-1

Using a 1N914 dicde as a temperature sensor, this straightforward circuit has hysteresis and set-point adjustments. Usable
range is about —50 to +1560°C.




TEMPERATURE CONTROLLER

10k "
Heating
(1.5W) elemen!
150
2.5¢ Temperature Sensor Ve 1.2k
sensor and
vfullaua T Wy
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h
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0y

¥ IN914
0
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ELECTRONIC DESIGN Fig. 91-2

The temperature sensor/controller (the TMP-01) is a monolithic device whose low power allows
it to operate with a simple half-wave rectified power supply directly from the ac-line. Such an ar-
rangement greatly simplifies the power-supply design requirement to the point of only needing a few
low-cost components to provide a single +6-Vdc supply.

The TMP-01 is essentially a “thermostat on a chip.” It includes a linear temperature sensor
(56 mV/K), and also has two comparators that switch at externally determined set points. These set
points are established by resistively dividing the internal 2.5-V reference-to set appropriate voltages
on the inputs to the comparators.

One comparator is used in this circuit to turn on the heating clement when the temperature
drops below 30°C; it corresponds to a voltage of 1.62 V on the comparator’s input.
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MANUAL CONTROL FOR HEATER

2k 12W 1N4004 120V ae

SCR T10801

ELECTRONIC DESIGN Fig. 91-3

Built around an LM339 quad comparator, this circuit provides manual control of the output ol a
resistive heater or other load with a long time constant. The circuil’s design uses minimal parts, thus
it'’s inexpensive, and generates very low RFI.

Comparators a, b, and ¢ form a low-frequency pulse-width modulator. Sections a and b form a
sawtooth oscillator (of approximately (.25 Hz), with capacitor C1 being charged through Rl and dis-
charged through section a’s open collector output. R2 and R3 set the upper voltage limit for the saw-
tooth wave, The hysteresis means that C1 is discharged to nearly 0 V, creating a voltage swing thal is
identical to the adjustment range of RS,

Comparator ¢, in conjunction with potentiometer R3, converts the sawtooth wave form 10 a vari-
able duty-cycle drive for the silicon-controlled rectifier.

Increasing voltage at R3’s wiper means increasing the “on” time. Section d holds the SCR gate low
if the line voltage is above approximately 3.5 V, preventing turn on at mid-cycle and ensuring low RFL

The oscillator frequency is roughly determined by 1/0.7R,C. Resistance R, must be greater than
4R, or the oscillator will lock up. Reducing R, will increase the lower voltage limit of the sawtooth; in-
creasing 1t might cause lock-up.
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PROPORTIONAL TEMPERATURE CONTROLLER
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ELECTRONIC DESIGN Fig. 91-4

Most temperature-controller circuits use upper and lower trip points to control a heater ele-
ment, with the heater power [ull on and full off. Usually, this results in a temperaturc hysteresis of
several degrees. This relatively large termperature hysteresis effect might cause modulation in the

output of the circuit that's being controlied.

A proportional temperature controller eliminates this problem by continuously providing the
power necded to maintain the “oven” at the desired temperature-—within 1°C, From a cold start,
maximum power is applied until the ternperature is within 2°C of the set point.

The circuit’s mechanical construction is important. The five heater resistors (R12 through R16),
the temperaturc-sensor IC (U1), and the circuit being controlled are mounted with thermal epoxy to
a small piece of aluminum. This provides excellent heat transfer between the components. The
heater resistors must be sclecled to raise the temperature from ambient to the set point within an
acceptable warm-up time.

Ul is.Analog Devices' TMP-01 temperature-controtler IC. The voltage proportional to absolute
temperature (VPTAT) has a temperature coefficient of exactly 5 mV/°C. The set point is determined
by the R,/R, ratio. U2 is a Linear Technology LT1014 quad precision op amp. U2C is an oscillator with
a 50% duty Lycle that supplies a triangle wave between % and % of the supply voltage at U2-2.

U2B compares the amplified VPTAT to the triangle wave, which drives @1 at a duty cycle of
100% or less. Because the triangle wave's peak-to-peak amplitude is 2.7 V, and VPTAT is amplified by
a factor of 300, a temperature change of approximately 2 mV moves the duty cycle from 100% to 0%.
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EIGHT-INPUT A/D CONVERTER FOR TEMPERATURE MEASUREMENTS

13 11 4
+ PL2 —O———AAA——
L!:IJ;:!S = [‘“ R3 10 5 .
—o— LT o 2 ° 6] |
+_ PL3 aan 14 3 -
o O Ay « |PL1
LI\EIJ3535 — T [ Jz2 R4 2 -
L —o—4 22K 10
hal PLa w0 ‘v‘v‘v— 15 19 —e
us I 5 a5 o
LM335 .__O_._J"o o—b 2 DK
RE 16 el Ut
LM335 | - H .
—o—"° Ooep 22K U3 78L05
PLs ,| 081 3
_0_|+ M v—%<- Ay
LMaas o< || R7 c2
o4 22K :
g + _ PL7 o AN 5 + |(7 e
LM335 Tl N o J6 Re & AfA—
2.2K I Ro
6 5 10K
+ P8 a—2 | INPUT
Ty =
ijngags o] RO VOLTAGE
—o—"° o—t 22K 1 RANGE
. 3 2 Uz sV
+ P8 AV ADCO0831 Rt *
L e | I R10 10K
—o— _o—¢ 22K MINIMUM -
s INPUT
3 VOLTAGE ¢
[_ 17 8 4
POPULAR ELECTRONICS Fig. 91-5

The actual processing circuitry of this A/D converter consists of only four parts: U 2, U3, Rl and
R2. Bight temperature probes are used with the circuit; however, they can be replaced with other
types of sensors, as long as resistors R3 through R10 are removed.
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EIGHT-INPUT A/D CONVERTER FOR TEMPERATURE MEASUREMENTS (Cont.)
CLIP OFF THIS LEAD

MEAT-SHRINK C

SOLDEA HERE (1/4-INCH DIAMETER)

HEAT-SHRINK A
(1/8-INCH DIAMETER)

A

To protect the temperature probe
connections, three piaces of heat-shrink
tubing must be used. Heat-shrink A
prevents the negative lead form coming
into contact with the posifve one (A).
heat-shrink B protects both leads (B),
and heat-shrink C covers the entire
probe (C).

HEAT-SHRINK 8
(3/16-INCH DIAMETER)

COLD-JUNCTION COMPENSATION FOR A GROUNDED THERMOCOUPLE

15y

Thermocoupie A1 Seaback
Type m Coefficlent
{p¥/°C)
J ar? 523
T 308 428
K 293 408
s 458 6.4 "

THERMOCOUPLE

*R2 and 83 are 1%. 10 ppm/*C. (20 ppm/~C tracking.)
tR1 and A& are 1%, 50 ppm/*C.

-18¥
NATIONAL SEMICONDUCTOR Fig. 91-6

A cireuit for use with grounded thermocouples is shown. To trim, short out the LM329B and ad-
just R5 so that V° = o7, where o is the Seebeck coefficient of the thermocouple and T is the absolute
temperature. Remove the short and adjust R4 so that V® equals the thermocouple output voltage at
ambient. A good grounding system is essential here, for any ground differential will appear in series
with the thermocouple output.
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ABSOLUTE TEMPERATURE LOG WITH RS-232

82k Ry
DB25S (R$-232)
— ™
20
—T DTR
1(::22;}5 ;
25 A ; Optioral 422 B
S Reset  Vpp 8
al 323K e, . ,
* TR 1L ssge 0t [~ RLD
LS4 1 L Dy Vss s 0lo1 ke
'y U g —Is U =N «o 3K
T -» (—~het 002 s L 335 1] gz
pF palyprapylene 6 & 50V =31Hy
% ] : . )
3.01k L ™0
4] o
8.2k
ELECTRONIC DESIGN Fig. 91-7

In the setup, T1 (an LM334 temperature sensor) generates a constant current that's propor-
tional to absolute temperature, and equal to 25 pA at 323 Kelvin (50°C). R1 sets this constant of pro-
portionality. The current discharges the parallel combination of C1 and C2 connected to the trigger
and the threshold pins of Ul, which is a CMOS implementation of the venerable 555 analog timer.
The negative-going ramp is cotpared by Ul to an internal 2,5-V trigger level controlled by Z1. When
the ramp gets there, Ul triggers. The output pin (3) will go high, presenting a “start” bit to the con-
nected communications port, which causes Q1 to source 100 YA to the timing node. At the same
time, the discharge pin (7) will open, allowing R2 and the bottom end of C1 and T1 to be supplied by
C1, and isolates it from C2.

Consequently, the current supplied by transistor Q1 will go solely to C2 so that when the result-
ing positive-going ramp reaches 5 V, exactly 25 nC (2.6 V x C2) will have been deposited in the tim-
ing node by the recharge cycle because its threshold level (6) will have been reached. This causes
both the output pin to return to the negative rail, restoring the “marking” condition of the R2-232 in-
terface, and Q1 to stop recharging C2. Ul’s discharge pin (7) now connects RS to the negative rail,
causing the charge that was deposited by T1 on C1 during the recharge interval to rapidly redistrib-
ute between C1 and C2, This arrangement creates a very linear (0.01%) relationship between T1 cur-
rent and pulse output frequency.

While this is happening, the PC’s communications port hardware assembles a valid (although
meaningless) character because the positive pulse output by U1 looks like the start bit of a charac-
ter. A simple program running in the PC can then count the frequency of these characters and con-
vert the resulting rate into a direct readout of temperature. Because of the 3.1-Hz/degree slope of
frequeney versus temperature, a 30-second average suffices for 0.01° resolution.
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CENTIGRADE THERMOMETER WITH COLD-JUNCTION COMPENSATION

-18y
THERMACOUPLE

NATIONAL SEMICONDUCTOR

1M
> 100 ppe/~ C

» 10k

ZERD ADJ 422

CHROMEL

+>

ALUMEL

wopx 5 CERMET

GAIN ADJ
15v

-15¥

F’VOUTE 1mvFC

Al fixed resistars + 1%, 25 ppm/*C
unless otherwisa indicated. .

A1 should be a low drilt type such
a3 LM3084A or LHDO44C, S5e4 taxt.

Fig. 91-8

This electronic thermometer has a 10-mV/°C output from.0°C to 1300°C. The trimming proce-
dure is as follows: first short out the LM329B, the LM335 and the thermocouple. Measure the output.
voltage (equal to the input offset voltage times the voltage gdin). Then apply a 50-mV input voltage
and adjust the GAIN ADJUST pot until the output voltage is 12.25 V above the previously measured
value. Next, short out the thermocouple again and remove the short across the LM335. Adjust, the TC
ADJUST pot so that the output equals 10 raV/°K times the absolute temperature. Finally, remove the
short across the LM329B and adjust the ZERO ADJUST pot so that the output voltage equals 10

mV/°C times the ambient temperature in °C.

NATIONAL SEMICONDUCTOR

1.5-V ELECTRONIC THERMOMETER

Vv

o &

LM134

Al
na
%

Rzt
154
%

0-100°C
0100 LA

“tnm lor span
tinm tor zero

Fig. 91-9

An electronic thermometer design, useful in the range of -55°C to 150°C, is shown. The sensor,
S1, develops a current that is proportional to absolute temperature. This is given the required offset
and range expansion by the reference and op amp, resulting in a direct readout in either °C or °F
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TWO-WIRE TEMPERATURE SENSOR
OUTPUT REFERENCED TO GROUND

Hear A 1M3
Y

TWISTED PAIR

Vour=10 mV/*F (Tx+3°F)
FROM + 3*FTD +100°F

TWO-WIRE REMOTE TEMPERATURE
SENSOR WITH SENSOR GROUNDED
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-
Vour = 10 mV/'F {Ty + 3F)
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5% > 1%
OR 50k RHEGSTAT
FOR CAIN ADJUST

P

1M

%80 FINS TWISTED FAIA
1%
OR 50k RHEGSTAT
FOR GAIN ADJUST
NATIONAL SEMICONDUCTOR Fig. 91-10 | NATIONAL SEMICONDUCTOR Fig. 91-11
SINGLE-SUPPLY BASIC FAHRENHEIT
TEMPERATURE SENSOR (-50 TO +300°F) TEMPERATURE SENSOR
- 60° to + 300°F
*f‘ (+5° to +300°F)
LM + i+ 5Y :uvﬂ 10y
] Vaur i
Ngsa an Lmia e Your = + 10.0 m¥/*F
i‘lﬂ'f. _i_
NATIONAL SEMICONDUCTOR Fig. 91-12 | NATIONAL SEMICONDUCTOR Fig. 81-13
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TEMPERATURE-TO-FREQUENCY CONVERTER (CELSIUS)

+5V
0.0089 uF - '
_E_. F‘] ’-5 Fl 10HZ"C
= ] i 9 10 11 1 i3 14
-Vs +Vg

2
OFFSET I
ADB37 CURRENT-TO- e ouTPUT
FREQUENCY DRIVER
CONVERTER
PRECISION = 10 (T, - 27%°) Hz
VOLTAGE
REFERENCE
Vﬂl VT]_ V| Vi “n| sYnc} ano| ®

LOW
TEMPGO
RESISTORS ==

.04k, 1% CAL 2,74k, 1%

ANALOG DEVICES Fig. 91-14

The 1.00-V reference output can be combined with the 1-mV/°K output to realize various tem-
perature scales. For the Celsius scale, the lower end of the tining resistor must be offset by 273 mV.
This is easily accomplished, and it results in an output from 0 to 1 kHz for temperatures from (°C to
+100°C. Other offsets and scale factors are equally easy to implement.

TEMPERATURE-TO-FREQUENCY CONVERTER (KELVIN)

° e .
ololn (?1% ol
TCAP,] Vs S

Vs OFFSET K
ADB37 GURRENT-TO- ed UTPU
FAEQUENCY CRIVER
CONVERTER
PRECISION < f=10T,Hz
VOLTAGE
REFERENCE
N ED Gnp| @
| 7 i 1 & [ I 5 4 3 1 2 1
1mV/K
9.00kQ *a =

LOW TEMPCO (CAL)

ANALOG DEVICES Fig. 91-15

This simple connection results in a direct conversion of temperature to frequency. The 1-mV/°K
temperature output serves as the input to the buffer amplifier, and the oscillator drive current is
scaled to be 298 pA al 298°K (+25°C). Use of a 1000-pF capacitor results in a corresponding fre-
quency of 2.98 kHz. A single-point trim for calibration is normally sufficient to give aerrors less than
+9°C from —B5°C to +125°C. An NPO capacitor is preferred to minimize nonlinearity that results

from capacitance drift.

639



DIFFERENTIAL THERMOMETER

Vs
2 10kR 100k The differential thermometer shown in the
LM34 figure produces an output voltage which is pro-
/7|7 portional to the temperature difference between
?VS two sensors. This is accomplished by using a dif-
wee I 0 100 mv/oc ference amplifier to subtract the sensor outputs
Lu4) . from one another and then multiplying the differ-
100ka ence by a factor of 10 to provide a single-ended
outputl of 100 mV per degree of differential tem-
perature.
NATIONAL SEMICONDUCTOR Fig. 91-16
OPTOELECTRONIC PYROMETER
SI‘JQSE
IR PASS 4 [L\: IRSTOR
P
o D2
ttLaval-shilt thm
1 *Scale factor trim
tCoppear wire wound
p3 1TmA < IpgT < 5 mA
¥ 18457 Iz
mTT‘» b 001 = E < 100
155k O
[T
>oc::>4 (i
mgl_l 4 [ [s}!
112 2N 1Y 1/2 ENJEN
1%
-l R? - % at*
% 494 82
% Lk
NATIONAL SEMICONDUCTOR

Fig. 91-17

This setup optically measures the temperature of an incandescent body. It makes use of the shift
in the emission spectrum of a black body toward shorter wavelengths, as temperature is increased.
Optical filters are used io split the emission spectrum, with one photodiode being illuninated by
short waveicngths (visible light) and the other by long (infrarcd}. The photocurrents are converted
to logarithms by Q1 and Q2. These are subtracted to generate an output that varies as the log of the
ratio of the illumination intensities. Thus, the circuit is sensitive to changes in spectral distribution,

but not intensity.
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BAR-GRAPH ROOM TEMPERATURE DISPLAY

v 67 8% 6% 70 M 72 73 475 7% 77 78 79 80 81 B2 83 B4 B5 BB F
N 7 B B N e e el e AN A S
1*
]BOMFT 20k
- v 2
LEDs
18 |17 116 $15 Q14 [13 12 J4 10 16 117 |6 |15 [14 |13 12 11 j10
LM3814 LM3914
EIR N C U GO S T O € KN I C I T OO R A !,9
- L. -
N st T NG
b t (2250
HEATa pva Ll ‘
FitS _.J_ ‘l: S Yo WA A v
2h 40202 4n2c2
" = 1% or 2% film resistor
& 1.0 rd b
+ 3n, T —Trim RAg for Vg = 3.325V g
weo ] jt«’ —Trim Ag for Vg = 2.725V L.
A :'o%n & RC —THm A for Va = C.088Y + 40 MV/F % Tampent © 3 B
.1 J._g __L Tk —Example: ¥, = 3.285V at BOF L
NATIONAL SEMICONDUCTOR Fig. 91-18

This display shows temperature as a bar graph. The range is 67°F to 86°F.

LM3911 TEMPERATURE CONTROLLER

Ay » + 12V
Al g C R4
15K 1 7.5k & RS
& 10K
4
Red 13 ut 2 [+
10Ke | tmam
R3 1 QUTPUT
24K
"‘V‘V A_o
=
POPULAR ELECTRONICS Fig. 91-19

The [.M3911 requires only a few resistors
and a capacitor to turn into a full-function tem-
perature controller. The LM3911 requires very
few external components o implement a full-
furetion temperature controller. The figure illus-
trates the simplicity of the freeze fighter circuit.
The resistor network consisting of R1, R2, and R3
is used to provide the set point voltage for the
feedback input of the LM3911.

Resistor R4 Jimits the current through the in-
ternal voltage reference of the LM3911 and can
be selected from a wide range of values. 7.5 kQ is
specified in most of the application notes.

Resistor B6 pulls the output of the 1C high
when the temperature is below the set point. The
internal resistor is in series with a diode that al-
lows a switching voltage up to 35 V o be used
with the device,
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THERMOCOUPLE AMPLIFIER WITH COLD-JUNCTION COMPENSATION

Y+
0.0V 6
REF102 2—?
R, R,
HWD IR
—TL_ P100 ) DESIRED | R, | NEAREST 1% R,
GAIN () )
Cu
- 1 NG NG
K<—\/ c 2 50.00k 49.9
u
+ Ra INAT18 5 12 50k 12.4K
Y4 10 5.556k 5.62k
Ry 20 2.632k 2,61k
1002 = RTD at 0°C 50 o 1.0 1.02k
100 505.1 511
— 200 2513 249
500 100.2 100
SEEBECK 1000 50.05 49.9
ISA COEFFICIENT 2000 25.01 24.9
TYPE | MATERIAL uvre) R, R, 5000 | 10.00 10
E + Chromet! 58.5 66.5k0 10000 5.001 4199
- Constantan i
J + Iron 50.2 76.8kQ -
— Constantan
K + Chromel 39.4 976k
~ Alumei
T + Copper 38.0 102kQ
- Constantan :
BURR-BROWN Fig. 91-20
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PRECISION RTD AMPLIFIER CIRCUIT FOR +5 V

HGMN
R3
ZERO A9
FULL SCALE
Al — T2 45V s 5007

R1*
26.7hi2

10062
RTD
10041 = 0°C
186.610 = 175°C
229.676) = JOO°C {
L
Rsense RS
ko 102k
L 0.2v R
: 50K
B e LINEARITY
ui=op2e5 | ERROR
() (@ V2F.S5)
a
uz %
REF43 ™ sV
GND
NOTES: Fon
*+0.5%, £25ppmi°C \}F
" +1%, £50ppmi°C
ANALOG DEVICES Fig. 91-21

This cireuit uses a platinurn resistance temperature device to sense temperature. It has a range
of 0 to 300°C. The RTD bridge is driven with a regulated 200-pA current to minimize self heating of
the RTD. A 5-V supply is used.

FULL-RANGE IMPROVED
FAHRENHEIT TEMPERATURE SENSOR THERMOQSTATIC RELAY CIRCUIT
+¥ POWER
| Switch K2A
LM YouT (1__0\0__‘ Ki
T.I..‘ Ry '1—
= Power K28
w Source @J_O“
CHODSE Ry=([—V5)/50 uh y
Voy1 = +3.000 m¥ AT + 300°F ¢
w +I50 mV AT +75°F
= =500 mV AT - BQ°F {Additional Circuit Switched by K2 not Shown)
NATIONAL SEMICONDUCTOR Fig. 91-22 | asT Fig. 91-23
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THERMOCOUPLE COLD-JUNCTION COMPENSATION

15

LM3298

NATIONAL SEMICONDUCTOR

> THERMOCOUPLE
+

] QUTPUT

A2
10k
ZERD ADN V2

Seabeck

Thermocouple R4 R&

Type P Coefficlent ST
(uV/°C)

J 523 1050 385

T 42.8 856 315

K 408 816 300

5 6.4 128 462

"R3 Ihry RE are 1%. 5 ppm/*C. (10 ppm/*C tracking )
TA7 15 1%, 25 ppm/*C.

choose R4 A3

a
= ————
10 mv/C

_T -
chooss R = —2- S

* (D.9R3)

choose A7 = 5+ RS

where T, 18 absolute zero (- 273.16'C)
Vz is the referance voitage (6.95V for LM329B)

Fig. 91-24

A single-supply circuit is shown. R3 and R4 divide down the 10-mV/°K output of the LM329B and
its associated voltage divider provide a voltage to buck out the 0°C output of the LM335. To calibrate,
adjust R, so that ¥V, = o T', where a is the Seebeck coelficient and 7T is the ambient temperature in

degrees Kelvin., Then, adjust R, so that V| — V, is equal to the thermocouple output voltage at the
known ambient Lemperature.
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TEMPERATURE DIFFERENTIAL DETECTOR

120-VAC
FAN SUPPLY
I o
+12V
"""
)¢ A S1

> ¥ 47K
$T )R ;
10K E R2

271110 g SooK
(RS2 : 4 18 3 FaN RUN SE’;ED
m( 7 TIME SOLID CONTROL
. STATE
10-TURN b ;/ 741, 3586, ;{é 8 RELAY
THRESHOLD 4| OR TLOT1 3 _ (10 AMP)
A9
T & R6 ! 1.5K
P T oA @yume |
: S
(H.3.271-110) T ..:\\ FAN
POPULAR ELECTRONICS Fig. 91-25

This circuit measures temperature differences, not temperature. Once the difference passes a
certain threshold, the timer is triggercd, activating the selid-state relay.

Op amp Ul is placed in a comparator configuration with two thermistors—one focated at the
ceiling, one at the floor. The IC senses the temperature difference between the ceiling and floor, but
is unaffected by the overall room temperature differential increases, The upper thermistor will de-
crease in resistance, eventually causing the voltage at pin 2 of Ul to exceed that pin 2 of U1 to go low
and trip the timer. This adds hysteresis to the op amp’s output, preventing the motor from chatter-
ing. When tripped, the timer activates the relay, which activates the fan.

THERMOSTATIC RELAY APPLICATION

POWER Thermal PRorer
Switch Relay eoy
l] K1
<z K1, the thermostatic relay, cnergizes power
;:J‘:g; | relay K2, which handles the circuit’s power
A switching. The drawing doesn't show K2's power-

3 switching contacts.
{

(Circuit Switched by K2 not Shown)

asT Fig. 91-26
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TEMPERATURE CONTROLLER

OPTIONAL
| ol i
' S 1Y
! —0
1
i
’. :
TEMP. ADJUST : HEATER
) S0k 1 INOICATOR
AT i
1
1
1
+ 15¢ L
[ LM%
! HEATER
o
of
= -
= 2 iM10 -
Y I N e THERMALLY COUPLED
_T_ SETPOINT ACTUAL
= (10 myFF} TEMPERATURE
(10 m¥/°F)
NATIONAL SEMICONDUCTOR Fig. 91-27

A proportional lemperature controller can be made with an LM34 and a few additional parts. The
complete circuit is shown. Here, an LM10 serves as both a temperature-setting device and as a driver
for the heating unit (an LM395 power transistor). The optional lamp, driven by an LP385 transistor,
is for indicating whether or not power is being applied to the heater.

TEMPERATURE-TO-DIGITAL-OUTPUT CONVERTER

+5Y
>
+ :::gk
ouy 1 Ve
LM3s + : Rg ADCD SERMAL DATA
— ! +1.289 803 |—e
[] t
. 5: o, CLOCK
F§
LMIs5 L ENaBLE
+ >
T" .HF/:er
* GROUND
NATIONAL SEMICONDUCTOR Fig. 91-28
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FREEZE-UP SENSOR

B8 +2v
NTC
K@25°C
NEUTRAL-WHITE
< u
S0 ga?
TO AG SOCKET
120-voLTs ac ] ® FOR HEATER
e BLACK-HOT
+12V
¥ H
02 Allgﬁ ot L Ki
el 5 |1 104
Wy
bl At 12V
4700 *
al
et 2 L N2222
pLar
c2 A1z
R 00 47K 3 =
k3 L
POPULAR ELECTRONICS Fig. 91-29

Using a bridge circuit to provide an accurale activation temperature, this circuif will turn on a
heating unil or other device when the temperature drops below the trip point set by R2. Use a 10-k£2
resistor in place of the thermistor to calibrate it for 32°F activation.

ZERO-VOLTAGE SWITCHING TEMPERATURE REGULATOR

5200A4, modifiesd

2- 3
““Thermostat’ c:;:‘ power-control module
y L \ —— i
Modulator Sensor .
: + rw I
! +1_ 200 uF <
1 2RIMGE T 10V,
100 k2 3 o : (5K (0 70K 10 4F Triac
2N602 1 5K @ 70°F)
7 | R, + 10% v =3 8 SCe1D12
f s St 1
= ) - 240V
D1 § * 013 9 ~10 11 posid
L R2 DZ8505 [ R6 2 PA424 H
TS CL 2330K0 o t 4700 Io:;rer
01 HE <R3 : % + 10% R? 5 kW
om0y Pl ‘0 a R 15 k2 max
[ e 2500 ) swW
+—a ‘
1 , *
Band: 2°F &;ﬂlt Calibrate
-] S e a
Teriod: 30 sec (1500 @ @ 70°F; 100 ")
McGRAW-HILL Fig. 91-30

In this arrangement, an integral number of cycles of ac is fed to the heater, No RF1 or EMI is gen-
erated with this method. The thermostat uses a thermistor as a sensor. The PA424 (GE) device gen-
erates trigger pulses for Lhe triac only at zero crossings of the ac line cycle.
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Timer Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
T07. The figure number in the box of each circuit correlates to the entry in the Sources section.

Alarm Clock Timer

Lamp Timer
Long-Period Timer
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ALARM CLOCK TIMER

APPLIANCE

i
15
Ti > ’—{—O—I_ APPLIANGE
9VAC g KA POWER
12VDC SUPPLY
oL 18002
1N2003 A
o~ o
117VAC i <
sS4 SPST
c1 L
330
SCR1 A1
200V a0K
4A T0
@ } ALARM-CLOCK
T ' © LAMP
POPULAR ELECTRONICS Fig. 92-1

Turn your alarm clock into a specialized timer with this simple circuit. The clock used with the
circuit should be the kind that turns on a little lamp when the alarm is activated.

LAMP TIMER
TO COMMON LAMP
ANODE DISPLAY ASSEMBLY
—_——

1 +5v

‘A1 3 [2 |s 47 T1 Ts 16 .E:f:—
100K 8 st i
7 RESET D1 LI D
11 1NS14 ]
< R2 s] w 14 :112“ LR £ K1
$ 2000 5&5 7 5V
3 4
[«
8 [15]10
1 t b2 i
01 1Ng14 &
POPULAR ELECTRONICS Fig. 92-2

A timed switch uses a 5565 oscillator/timer wired to operate in the astable mode. The limer sup-
plies a positive pulse to the clock input of a 74193 4-bit binary up/down count every five minutes. Be-
cause the 74163 is sel to operale in thie count-down mode, the cutput of the 565 is connected to the
count-down input of the 74193.

As the binary counteris reset, it starts counting at nine and counts dowr to zero with each clock
pulse. When the counter hits zero, the output from the 74193 goes low, turning off the relay and the
light. The light, can be turned back on by pressing the reset button again.
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LONG-PERIOD TIMER

#V

é 200k s g

Resst ¥
14148 B hveshald cc

W I 21,
Trigger 3 Output
558 Ouiput 4
l_‘_@) . Hput ¢—————p

M2907 | —aAA—— Discharge 3

l Tk . L;omrul wolfage ]

Iumr foun 0.01,F
']

ELECTRONIC DESIGN . Fig. 92-3

Adding a transistor to the 555 timer can create long timer periods, which is a key factor when the
timer is operating at low speed. The transistor basically acts as a current divider or capacitance mul-
tiplier. The problem with low speed, however, is that the timing resistors and capacitors must be
large and the charging current must be small, particularly when the desired timing period is in the
range of seconds.

Typically, electrolytic capacitors are used in these situations, but their leakage current tends to
aggravate or even prohibit operation at very low charging currents.

This problem can be solved by adding a transistor. In effect, the transistor is used as a current di-
vider or a capacitance multiplier. The normal charging current (emitter current) is divided by the
transistor’s current gain so that the capacitor charging current (base current) is reduced consider-
ably. For example, 10 pA of emitter current will require approximately 0.1 pA of base current, based
on a current gain of 100.

In this circuit, the capacitor will be charged with such a low charging current that timing periods
will typically be 100 times longer than usual. This means that substantial time periods can be
achieved with film or ceramic capacitors that have much better leakage characteristics and are phys-
ically smaller.

The circuit’s output period was approximately 6 seconds, compared to 80 ms without the tran-
sistor. The transistor multiplied the normal time period by a factor of approximately 75.
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Tone Control Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Treble-Control Circuit

Bass Tone-Control Circuit

Combined Bass and Treble Control
Active Bass- and Treble-Tone Control
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TREBLE-CONTROL CIRCUIT

E
Zg <1k -0.047

nF

1 3.3k

25 k() - o
log taper Eout
Z > 100 k2

?

330 (2 =

WILLIAM SHEETS Fig. 93-1

This tone control has an insertion loss of 20 dB at flat setting and is effective above 1 kHz. It has
little effect below about 1 kHz.

BASS TONE-CONTROL CIRCUIT

0.1 uF  Boost

= 25 k(2
Zs <1k |ogtaper

E,
Cut ouT
1 uF Z, > 100 k2

330Q

WILLIAM SHEETS Fig. 93-2

This tone conirel has an insertion loss of 20 dB at [at setting and is effective below 350 Hz. The

contrel has little effect above this frequency.
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COMEINED BASS AND TREBLE CONTROL

o -
‘E
ZS < 1 k()
7 3.3
= k()
25k0)
log taper
Eayr
Z, > 100 k1
330 i
Q =
1 L pF
WILLIAM SHEETS Fig. 93-3

This positive tone control systeimn uses two pots to control bass and treble.

ACTIVE BASS--AND TREBLE-TONE CONTROL

0.047 k)

3.9 k(2

10 uF 0.0022
1B8Y nE

Input O_{ F‘ }
g =2 k{}
s o

WILLIAM SHEETS Fig. 93-4

A single transistor used as a feedback amplifier is connected with ac feedback through the tone
controis, which determine the [requency response of the stage.
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Touch/Proximity Control Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The ligure number in the box of each circuit correlates to the entry in the Sources section.

Simple Touch Switch
Simple Timed Touch Switch
Capacitive Sensor System
Touch Switch

Proximity Alarm
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SIMPLE TOUCH SWITCH

* »+6t0 15V

Touch
plate

C1
0.01 wF D2 Output
100k 1KV IN914
+ * MPF102

D1 _L R2 LIFET RE =

0 01 10 kn -

IN914 I MG
WILLIAM SHEETS Flg. 94-1

Q2 is held cut off since Q1 normally is conducting, When.the touch plate is contacted by a large
object (human body, etc.), stray 60-Hz pickup is rectified by D1 and D2, and produces a negative
voltage across R2-C2 and the gate of Q1. Q1 cuts off, causes Q2 to conduct, and the output goes low.

SIMPLE TIMED TOUCH SWITCH

+v
R2
R1
V— .
|£| IC1A p———————C Output
Touch
plates
b | o
mi
McGRAW-HILL Fig. 94-2

This cireuit produces an output for a time approximately equal to time constant R.C|.

IC1, IC2 CD4011 quad NAND gate

IC3 CD4066 quad bilateral switch

C1 47-uF, 25-V electrolytic capacitor
C2 100-pF, 25-V electrolytic capacitor
C3 220-pF, 2b-V electrolytic capacitor
C4 470-uF, 25-V electrolytic capacitor
Ch, C6, C7 0.1-puF capacitor

R1, R3, R4, R6 100-k€Q2, 4-W 5% resistor

R7, RS, R1C, R12
R2, R5, R§, R11 10-MQ, %4-W 5% resistor
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CAPACITIVE SENSOR SYSTEM

Exiernal Object
To Be Detected

Sansint
Electroda

Driven
\ / Shieid 1

IYYYY R

\
‘ /,\( Oriven
1 Shield 2
Raterence b A \ \
Efectroda \ - Cs
J_Cshz / ‘[7!\ / e
\ o

o

-]

=

NASA TEGH BRIEFS Fig. 94-3

This figure Llustrates the electric-field configuration of a capacitive proximity sensor of the “ca-
paciflector” type. It includces a sensing electrode driven by an alternating veltage, which gives rise to
an electric field in the vicinity of the clectrode; an object that enters the electric field can be de-
lected by its effect on the capacitance between the sensing electrode and electrical ground.

Also, it includes a shielding electrode (in this case, driven shield 1), which is excited via a volt-
age follower at the same voltage as that applied to the sensing electrode to concentrate more of the
electric outward from the sensing electrode, increasing the sensitivity and range of the sensor. Be-
canse the shielding clectrode is driven via a voltage follower, it does not present a significant elec-
trical load to the source ol the alternating voltage.

In this case, the layered electrede structure also includes a reference electrode adjacent ‘to
ground, plus a second shielding electrode (driven shield 2), which is excited via a voltage follower at
the same voltage as that applied to the reference electrode. Driven shield 2 isclates the reference
electrode from the electric field generated by driven shield 1 and the sensing electrode so that a
nearby ohject cxerts no capacitive effect on the reference electrode.

The excitation is supplied by a crystal-controlled oscillator and applied Lo the sensing and ref-
erence electrodes via a bridge circuit. Fixed capacitors C1 and G2 (or, alternatively, fixed resistors
R1 and R2) are chosen to balance the bridge; that is, 1o make the magnitude of the voltage at sens-
ing-electrode node S equal the magnitude of the voltage at reference-electrode nede R.

The voltages at S and R are peak-detected and fed to a differential amplifier, which puts out volt-
age V_ proportional to the difference between them. When no object intrudes into the electric field
of the sensing electrode, the bridge remains in halance, and V, — 0. When an object intrudes, it
changes C., unbalances the bridge, and causes V_ to differ from zero. The closer the object comes to
the sensing electrode, the larger (V,) becomes.

An additionat output, voltage KV, is available, where K is the ampilification and V_is the voltage
on the reference electrode.
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TOUCH SWITCH

22
MQ iC1a
7 ) T P
To 20 13
touch MG
plates =
IC1b
O +
NS
- 8

WILLIAM SHEETS

»+10t0 12V

Output

33 ki)
2N3904

k[l% =

IC1A, B CD4093 sections

Fig. 94-4

Two NAND Schmitt triggers are used as a flip-flop to produce a bridged touch switch,

PROXIMITY ALARM

1-a u1-b
/6 4048 /s 4049
5 4 3 2
< R1
$ 47k
— 9
Gt ez 03 L
2-50pF 9-50pF 680pF T
—»i
D1 Yy
A-IN. x6-IN.
IN-x6-) 1N914
ANTENNA

-POPULAR ELECTRONICS

Fig. 94-5
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Tracer Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Wire Tracer

Cable Tracer
Signal Tracer
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WIRE TRACER

> A1
47K

[
FY VY

1
587

J1
OFEN LOOP

J2
CLOSED LOOP
93

© CoM.

At the heart of the McTrak is a 567 tone decoder, configured as a simple Squarewdve

oscillator, operating at about 250 Hz.

ELECTRONICS HOBBYIST HANDBOOK

Fig. 95-1

This tracer works by placing a square-wave signal on the line to be traced. The square wave is
rich in harmonics, A small transistor radio placed ¢lose to a wire carrying this signal will buzz. The ra-
dio, therefore, is used as a probe to trace out the wire.

CABLE TRACER

+1.5 V¢ -

sl 71 6] 5

210K

-LM3809
0.2 pF

Signal o—e

Groundo—

il
"

ELECTRONICS NOW Fig. 95-2

This circuit generates a 1-kHz square wave
for cable tracing. Because this circuit is simple
and generates from 1.5 V, several can be used at
the same fime to generate multiple tones for
tracing multiconductor cables.

SIGNAL TRACER

C3

1
r—)L—D .
o DUTPUT
2ZN4B

POPULAR ELECTRONICS Fig. 95-3

This cireuit uses a simple detector-audio am-
plifier. The output can be connected to head-
phones or another audio amplifier.
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Transmitter and Transceiver Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707, The figure number in the box of each circuit correlates to the entry in the Sources section.

660

Wireless Guitar Transmitter
Micro TV Transmitter

Wireless Microphone

M Stereo Transmitter

FM Bug

Low-Power VHF Beacon Transmitter
Low-Cost 6-W, 40-M CW Transmitter



WIRELESS GUITAR TRANSMITTER
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This transmitter has a buili-in distortion effects unit and a touch switch to switch effects off and on. The circuit operates
from a 9-V battery. ICl-a and IC1-b are used in the effects circuitry. IC1-d is an input preamp and 1C2 is a quad analog switch to
2 handle audio switching. Q1 acts as a varactor, diode modulator while 1C-4 is an 88- to 108-MHz F'M oscillator.




MICRO TV TRANSMITTER
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ELECTRONICS NOW

OPTIONAL COMPOSITE VIDEO OUTPUY (SEE TEXT)

____________________________________________________________________________ e

Fig. 96-2

For very low power, noneritical applications, this small TV modulator can be useful as a short-
range (50 feet)} transmitter for video signals. A small camera module can be used as a source. R11 is
used to vary de offset of the modulator.

WIRELESS MICROPHONE

> R12
100K

AV
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(SEE TEXT)

R10
1K

A

ELECTRONICS EXPERIMENTERS HANDBOOK

vy
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Fig. 96-3

An op-amp IC (741) amplifies the audio signal frorm MIC1, and R12 controls its gain. Audio is fed
to the oscillator circuit Q1 and related components. D2 is a varactor diode. Audio fed to D2 causes FM
of the oscillator signal. L1 is 2}4 turns of #18 wire on a %" diameter form. The antenna is a 12" whip.
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FM STEREO TRANSMITTER

AMA

Wy

THE HEART OF THE FM TRANSMITTER is a BA1404 FM stereo transmitter IC.

The left Inpul-algnnl levai is
and sudic is coupled by C10 into the hﬂ-channel input. The right-channel input

cirgultry is identical.

ELECTRONICS NOW

d via

phasis is

provided by C1 and R3,

Fig. 96-4

An FM stereo transmitter can be built around the BA1404 IC. This IC has all the functions nec-
essary to generate an FM MPX signhal. A separator oscillator circuit uses a 2N5210 transistor-instead
of the difficult-to-find 38-kHz crystal that is normally used. T1 is a 455-kHz IF transformer with
0.0039-puk¥ capacitance added across if to enable tuning to 38 kHz. With this circuit, oscillator stabil-

ity should be adequate.

Mike

McGRAW-HILL

FM BUG

Mike
51

Electret condenser microphone
SPST switch

L1
.05uH

L2
05pH

C4
10pF

Fig. 96-5
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LOW-POWER VHF BEACON TRANSMITTER
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A crystal oscillator and tripler make up the low power beacon transmitter. Ul generates a pulse
that keys the transmitter at a 10:1 duty cycle {100 ms on, 1 s off} to conserve battery power. This
transmitter was used as a locator beacon.
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LOW-COST 6-W, 40-M CW TRANSMITTER

TO 5242 OR 7542
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POPULAR ELECTRONICS Fig. 96-7

1.1 and L2 are wound on a %" diameter form. L1 is 15 turns #22 plastic-covered wire, and L2 is 7
turns #22 plastic-covered wire.
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97

Ultrasonic Circuits

The sources of the following circuits are contained in the Scurces section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Ultrasonic Remote-Control Tester
Ultrasonic Motion Detector
Ultrasonic CW Transceiver
Ultrasonic Proximity Sensor
Simple Ultrasonic Generator
Ultrasonic Sound Receiver
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ULTRASONIC REMOTE-CONTROL TESTER
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POPULAR ELECTRONICS Fig. 97-1

This cireuit picks up the ulirasonic tone via MIC1, amplifies it, and divides it by 10 in. IC U2, a
74L890. The output of U2 drives an audio amplifier and a piezoelectric element is used as a speaker.
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ULTRASONIC MOTION DETECTOR

SPKR2

2]
2N3904 o4
2N3904

=

POPULAR ELECTRONICS Fig. 97-2

A 567 PLL IC operates in a dual-function mode as a signal generator and an FM receiver, The
567's square-wave output at pin 5 is coupled to the base of Q1, and from Q1’s emitter to the input of
the power amplifier (Q2 and Q6). The output drives the piezo speaker, SPKR1.

The receive portion of the circuit operates as follows: transistors Q3 and Q4 are connected in a
two-stage, high-gain, audio-frequency amplifier circuit, with the input connected to a second piezo
spcaker (SPKR2) operating as a sensitive microphone. The arplifier’s output is coupled to the 967 S
input at pin 3. When an in-band signal is received, the LED lights.

The 567's FM output is coupled from pin 2 to the input of a very-low-frequency single-transistor
amplifier, Q5. The amplifier's output at Q5 collector drives a voltage-doubler circuit (C11, D1, D2,
and GI2}. The de output feeds a 0- to 1-mA analog meter.

By placing the two piezo speakers one foot apart, and aiming them in the same direction, toward
a nonmoving solid object, the signal from the transmitter’s speaker will reflect back into the receiver’s
speaker, and the frequency at the 567's input will be the same as the one being transmitted.

The ac output at pin 2 is zero when the outgoing and incoming [requencies are the same. How-
ever, when the signal is reflected from a moving object, the received frequency will be either lower
or higher than the transmitted one. If the object is moving away from the speakers, the received fre-
quency will be lower; if the object is moving toward the speakers, the frequency will be higher.

The pin-2 signal is fed through a 470-uF capacitor 1o the base of @5, where the signal is ampli-
fied and fed to a voltage doubler, and then on to a meter circuit,

If you wish, the voltage doubler and meter can be removed and replaced with headphones con-
nected between the negative side of C11 and circuit ground. That will ailow you to listen to the dif-
ference-frequency signal as objects move in front of the speakers.
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ULTRASONIC CW TRANSCEIVER
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POPULAR ELECTRONICS = I Fig. 97-3

With the telegraph key at S2 “up” (open),
the 567 PLLs input at pin 3 is coupled to the
output of Q3. Transistors Q3 and Q4 are operat-
ing in a high-gain, two-stage audio-amplifier
circuit. The piezo speaker is coupled to the in-
put of the amplifier though a 0.1-uF capacitor
and a 680-Q isolation resistor.

In the receive mode, the piczo speaker oper-
ates as a sensitive microphone. Ultrasonic signals
travel from the microphone through the two-stage
amplifier to the input of the 567, and, if the signal’s
frequenecy is within the ICs bandwidth, the LED
will light and piezo-sounder BZ1 will sing out. for

each “dit” and “dah” received. The receiver can he
tuned to the incoming ultrasonic signal by adjust-
ing R17. Of course, adjusting that potentiometer
also changes the transrnitter’s frequency.

The transmitter operates each time the 52 is
closcd. When the key is closed, diode D3 supplies
a path to ground for BZ1, causing that sounder to
produce an audible signal for each “dit” and “dah”
transmitted. Also, Q2's bias is taken to ground
through 12, allowing Q1 to pass the 567's square-
wave signal on to the input of the power arnplifier
and out through the speaker.

ULTRASONIC PROXIMITY SENSOR
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POPULAR ELECTRONICS Fig. 97-4

A 100-kQ potentiometer, R4, sets the cur-
rent fed te the Sonalert sounder. The poten-
tiometer is adjusted to a point where the sounder

just begins to make an audible sound. A single-
transistor audio amplifier (Q1) is coupled to the
positive side of the sounder and its output is fed
to a voltage-doubler circuit. The doubler’s de out-
put drives the base ol Q2, which, in turn, oper-
ates the rclay (K1). As long as the Sonalert is
producing a sound, the relay stays energized.

When a solid object is moved in close prox-
imity to the front of the sounder, the @ of the
piezo element is lowered and the Sonalert’s inter-
rial circuit ceases to operate; as a result, the relay
drops out. By carefully adjusting R4, the circuit
can be made quite sensitive,
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SIMPLE ULTRASONIC GENERATOR
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POPULAR ELECTRONICS Fig. 97-5

ULTRASONIC SOUND RECEIVER
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POPULAR ELECTRONICS Fig. 97-6

You won't be disappointed with the performance of this sensitive ultrasonic receiver. It can let
you listen to bugs, bats, engines, and virtually any other source of ultrasonic sounds. This circuit uses
a piezo tweeter as an ultrasonic microphone, amplifier stages @1, Q2, and an LO using a 567 IC. Q3
is a mixer that heterodynes the ultrasonic sounds down to the audible range. U2 is an amplifier that

will drive a pair of headphones.
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98

Video Circuits

The sources of the following cireuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

Video Titler

Video Amplifier

RGB Video Amplifier

One-of-Two Video Selector

NTS8G-to-RGB Converter

Video IF Amplifier/Detector

Video Cable Driver

Simple NTSC Gray-Scale Video Generator

LM1201 Video Amplifier

Simple Video Gray-Scale Generator European Line Standard
Video Switch

Adjustable Video-Cable Equalizer

Vidco Sumnming Amplifier

Video Amplifier

Twisted-Pair Video Driver/Receiver Circuil

250-mA 60-MHz Current-Feedback Amplifier for Video Applications
Video Driver/Amplifier

Video Line Driver
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VIDEO TITLER
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VIDEO TITLER (Cont.)

IBM PC/AT RS232 SERIAL CABLE.
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{TO VIDEO TITLER) (TO PC)
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There is a different cable for each interface. The RS-232 serlal cable is shown in a, the
PG/AT keyboard cable is shown in b, and the RS-485 cable is shown in c.
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VIDEO TITLER {Cont.)

The figure shows the schematic of the video titler circuit. The power-on reset function is generated
by 107, a Maxim MAX699 reset, and watchdog pulse generator. That device supplies a reset pulse-of 140
to 500 ms at power-up. This is accomplished with some external parts, as well as the OSD controller in
IC1. First, the horizontal and vertical sync from the composite video input is detected by IC2, which is
set, for NTSC specification horizontal and vertical synchronization timing via resistor R4.

The detected horizontal and vertical sync is fed to IC1. The OSC controller in IC1 uses these sig-
nals to internally synchronize the overlay text to the incoming video. The frequency-of the dot clock
is controlled by compenents L1, C5, and C6. Text is overlaid by video multiplexer IC5, which is con-
trolled by IC1.

The overlay character outline and intensity are controlled via solid-state potentiometers, allow-
ing the microcontroller to control the position of their wipers and store the settings in an onboard
EEPROM. The microcontroller’s OSC logic controls the multiplexer timing from the BF {IC1, pin 3()
and VIDCTL (IC1, pin 25) signals. The BF signhal switches the video multiplexer between character
and character-outline video, and VIDCTL switches the multiplexer between the input video and the
overlay video from IC1. The de levels from IC3 and IC4 set the character and outline intensity, and
these levels are fed to video multiplexer IC5H.

The video titler can store and recall text from EEPROM IC6, which has enough capacity to store
one overlay screen and other required data, such as network address, horizontal and vertical overlay
fine position, and type of interface.

The RS-232 interface is provided by a MAX202 transceiver, The RS-485 interface is provided by
an LTC485 transceiver that provides both transmit and receive functions. The keyboard interface is
basically a direct connection to the microprocessor.

VIDEO AMPLIFIER
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p—AAA Vour #1

+Vg  0.001F 750

750
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Voyr ¥2

Fi-19]

ANALQG DEVICES Fig. 98-2

The AD8001 has been designed to offer outstanding performance as a video line driver. The im-
portant specification of differential gain (0.01%) and differential phase (0.025%) meet the most ex-
acting HDTV demands for driving one video load. The AD8001 also drives up to two back-terminated
loads with equally impressive performance (0.01%, 0.07°). Another important consideration is isola-
tion between loads in a multiple-load application. The AD8001 has more than 40 dB of isolation at
5 MHz when driving two 75-Q terminated loads.
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RGB VIDEO AMPLIFIER
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Fig. 98-3

This circuit is a three-channel RGB video amplifier with individual brightness, black level and

drive controls.
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ONE-OF-TWO VIDEO SELECTOR
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NTSC-TO-RGB CONVERTER
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This circuit takes baseband NTSC video, decodes it, and derives RGB video suitable for driving a celor multisync computer
monitor. This enables the user to take advaniage of the generally better resolution of computer monitors.




VIDEO iF AMPLIFIER/DETECTOR
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This is a MAX436 coaxial-cable driving cireuit.
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SIMPLE NTSC GRAY-SCALE VIDEO GENERATOR

ai
2N2222A out{ yz |}in
*R3 Ides| Value= 13.5K A3 R4 RS _I-+ 78LO5 _L ©
. *
16K 27K 66K ca T ca
— :I‘ 1.0 uF
:“ 16| ve =
CTK
10 cs Video Output
[—] 47 uF (TSR}
4.032 oK

MWHz L]
ct c2
10pF | | 10pF .

i °

73 AMATEUR RADIO TODAY Fig. 98-8

A 4,032-MHz crystal oscillator (256 x horizontal line scan rate) drives a BCD counter. The binary
outputs of the counter are fed to R2 through R5, asimple weighting network for D/A conversion, re-

sulting in a staircase video output with a rep rate of 15.75 kHz. This circuit should be useful for am-
ateur TV linearity testing and setup purposes.

LM1201 VIDEO AMPLIFIER

+O %
! } +12Y
| 2000 |
0.1 aF 0.1 uf 'ql-’m w.st'I\l.ﬂ\
¥ P L O

Yiw 1 wF . '
N |, 300 ” {7
750 16 15 14 13 12 ! 10 9
—— 'F
Ry 9 ) LM1201 3 2000
| 2 3 4 5 s 7 &
| T T | ‘-SVLI/]'LI'/
WFE 0-1#F€ u.l,ur[:"' 0.1 uf
g g U2V oo e
+12v
Contrasi Gate In

Control 1.5%

NATIONAL SEMICONDUCTOR ‘Fig. 98-9

This videc amplifier has 75-£€2 bi-phase outputs.
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SIMPLE VIDEO GRAY-SCALE GENERATOR EUROPEAN LINE STANDARD

( SIMPLEST PATTERN GENERATOR ) ZL1ABS

+47T0 +12 VOLTS o

* IDEAL VALUE 13K5

ZKZ 27K 55;( BC548
1 MHz 10M 15K
18 ™
—1 cK VIDEO QUTPUT
= 4060 [75R)
CK G 05 R 68R
11 8 [ ] 12 | - :
10pF 10pF LEVEL
ADJ LI
= |
73 AMATEUR RADIO TODAY Fig. 88-10

A simple gray-scale generator (staircase waveform) can be obtained with a CD4060 counter, a
1-MHz erystal oscillator, and several resistors to act as an elementary /A convertler to convert the
binary count output to analog equivalent. This circuit is for European (PAL) standards.

VIDEO SWITCH
[1C1=10pF -
758 Transmission r:i(): T r{l 1] 750 Ig=730
Lines 14] 23 G\ P ety
—

R2=7584
NPUT 5 B o e— 6 :I_::. % 750
758 —
. 16 ] by 750 =758

INPUT 2 24 O ]
758 LH4266

T 7 7 20

750 __fo=730

CONTROL ~ #15V ={5V

s LT84 T

*Inputl GND Flane
**Input2 GND Plare

NATIONAL SEMICONDUCTOR Fig. 98-11

Using National Serniconducter LH4266 and LH4008, this circuit switches one of two inputs to
four output (76 Q) lines.
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ADJUSTABLE VIDEO-CABLE EQUALIZER

s 1.5k
A
10k
Vg (LT1256 FIN 12) 13
u3 X -
€. Vo (LTIZS6PING)
,f (LgT 15?04 270k CONTROL VOLTAGE
’ i 9
= = VIDEQ i $ g
INPUT : ‘_-<—| b - .
= . v e/ OUTPUT
- 9 =
u
LT1256
1.5
L W OVERALL GAIN
ADJUST
— SOpf
| T $ix 50002
o
_E:M..’ik 215 i
L 1L L 1 f
...[..110pF TwoopF E:ZDK _I_SODF $ 14
= -
LINEAR TECHNOLOGY F,'g_ 98.12

The figure is a complete schematic of the cable equalizer. The LT1256 (U1) is a two-input/one-
output 40-MHz current feedback amplifier with a linear conlrol circuit that sets the amount that each
input contributes to the output. One amplifier (input ping 13 and 14) of the LT1256 is configured as
4 gain ol one with no frequency equalization. The other amplifier (input pins 1 and 2) has frcquency
equalizing components in parallel with the 12-kQ gain resistor..An additional ampiifier (U2, LT1227)
is used to set the overall gain. Two amplifiers were used here to make setting the gain a single ad-
justment, but in a production circuit, the LT1256 can be configured to have the necessary gain and
the whole function can be done with one chip.

VIDEO SUMMING AMPLIFIER VIDEO AMPLIFIER
+ 12V
3
+
3
ViNi A
5
R 3
vour 1
5—2 G1
+ 1
] INPUT o—J¢
ViN2 Riz R2 4
10K 3
_ 5 R1=R2-R3-R4
5| Vour = (Vw13 (K [:—;} (Vinz) (K) [:—;1 = _R5+(R3RA)_
/ TR3)(RY)
MAXIM Fig. 98-13 | POPULAR ELLECTRONICS Fig. 98-14
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TWISTED-PAIR VIDEO DRIVER/RECEIVER CIRCUIT

SV
10002
VIDEQ
750 auT
c1
F-500pF | 7-
G.22uF
+5V
MAXIM Fig. 98-15

This circuit should be useful where a twisted-pair video line is to be used. R1 is adjusted for
proper gain (monitor brightness and contrast) and Cl is adjusted for hest color.

250-mA 60-MHz CURRENT-FEEDBACK AMPLIFIER FOR VIDEO APPLICATIONS

Noninverting Ampiifier with Shutdown

Large-Signa! Response, Gy = 10,000pF

v <

i- . - .
%m he I .
ENABLE = gv ;
740005
— V5= £ 75Y, R = o= Ap - Rg= 3K

*OPTIONAL. USE WITH CAPACITIVE LOADS
**GROUND SHUTDOWN PIN FOR
NORMAL OPERATION

LINEAR TECHNOLOGY Fig. 98-16
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VIDEQ DRIVER/AMPLIFIER

» »+12V
2N3904
—N NN\
9 Video 3300
— in
[ +I ( O
330 15K g0 470F ?
Q ) A
WILLIAM SHEETS Fig. 98-17

This simple circuit has a voltage gain of about 5x and will drive low-impedance loads (75 Q) Lo
1.5V p-p or better.

VIDEO LINE DRIVER

R Reg A
6490 §490 750 T5QCABLE
|

6 Cs
100uF/25V

+Vg

Vin
O

ANALOG DEVICES Fig. 98-18

This video buffer/line driver operates at a gain of +2 and drives a pair of 75-£ lines with 75-Q
back terminations. The overall terminated gain is unity.
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99

Voitage-Controlled Amplifier Circuits

"The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources sectior.

Voltage-Controlled Amplifier
Voltage-Controlled Audio Amplifier
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VOLTAGE-CONTROLLED AMPLIFIER

CONTROL { — %4 g | +18v
INPUT  { £
vrossy b1y,
ADS34
SET GAIN auTPUT p O Eqyr. 212V PEAK
! , 2 19k
vy SF 2y
™ 33 2 = 0005
3 oF
F4]
= EgEm
SIGNAL [ —4 s _;E"—' ag Fovr
INPUT 1379
15V PEAK | v, RUR TV Equt = “’Jiﬂ‘
i1
FOR TYPICAL SETTING IGAIN = 10E¢)
Equt = 110Ec) Epy
ANALOG DEVICES Fig. 99-1

A constant or varying signal applied to the X input, £, controls the gain for a constant or vari-
able signal applied to the Y input, £, . The inputs could be interchanged.

For this circuit, the “set gain” potentiometer is typically adjusted to provide a calibration for gain
of Z 10 per-V-of-F . The bandwidth is de to 30 kHz, independent of the gain. The wideband noise
(10 Hz to 30 kHz) is 3 mV rms, typically, corresponding to full-scale signal-to-noise of 70 dB. Noise,

referred to the signal input, (£, = 5 V) is 60 uV rms, typically.

VOLTAGE-CONTROLLED AUDIC AMPLIFIER

+12V
- +10V ,.".':.
:I. - 0.9uF

47pF '

120k b 210k sk I
< < 4 —
= | Lo
I I 220pF
o
& H
005

GAIN € b uF - 10K
100k @ . 270

'_L'1OpF b - .

T :1.2k
= & | 0.050F
‘ORTIONAL = [
TREMOLO = =
INPUT
»
Vi > 2.7k E = 1
SIGNAL > Tremalo fred. = 5 e okG
NATIONAL SEMICONDUCTOR Fig. 99-2

The LM38%9 has internal transistors used in this circuit.
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100

Voltage-Controlled Oscillator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707, The figure number in the box of each circuit correlates to the entry in the Sources section.

Three-Decade VCO
Vollage-Controlled Two-Phase Oseillator
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THREE-DECADE VCO

o 2
200K o1
“AVA'_ e
R R3
b
100k $ R4
o P 2 100k a2 'O
v, 2
2N4220
ol -
2N4082 b 3 — fous
= 200K
1 e =19V
vgRerRn = I c2 RS
R O VesI Mz 10Kz VR .lf’f
R1.,R4 MATCHED. LINEARITY 0.1% OVER 2 DECADES. -

POPULAR ELECTRONICS

Fig. 100-1
A range ol 10 Hz to 10 kHz is covered by this circuit.
VOLTAGE-CONTROLLED TWO-PHASE OSCILLATOR
1 z2
‘ 10V sin ot
L cz &n3
X Wy J__. x4 Wy j=:m i'ﬂ
—1 X M1 X, 2 hFl-'i 330k
F L QUTPUT o QuTPUT 10V cor wnt
EREQUENCY = sf 2, .—T 16 sF N .J o R
Nrar z z
5 ¥, = v i nC:
Inm a1
‘é-_ AF] Vg = -é:-. v ¥y =
ANALOG DEVICES Fig. 100-2

This circuit uses two multipliers for integration-with-controllable-time-constants in a feedback
loop. R2 and R5 will be recognized in the AD534 voltage-to-current configuration; the currents are
integrated in C1 and C3, and the-voltages they develop arc connected at high impedance in proper
polarity to the X inputs of the “next” ADB34. The frequency-control input, EY, varies the integrator
gains, with a sensitivity of 100 Hz/V, and frequency error typically less than 0.1% of full scale from
0.1 V1o 10V (10 Hz to 1 kHz). C2 (proportional to C1 and C3), R3, R4 provide regenerative darmp-

ing to start and maintain oscillation. Z, and Z, stabilize the amplitude at low distortion by degenera-
tive damping above +10 V.
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101

Voltage-Measuring Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
706. The figure number in the box of each circuit correlates to the entry in the Sources section.

Meter Amplifier for 1.5-V Supply

Voltage Monitor

ac Voltnceter Has Unique Features

dec Voltmeter

Expanded-Scale de Meter for 12-V Systems
Simple 3-Digit DVM

Inexpensive Voltage Calibrator
Double-Ended Voltage Monitor

Audible Voltage Indicator

‘Low-Drain Mcter Amplifier
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METER AMPLIFIER FOR 1.5-V SUPPLY

NPUT
10my, 100nk
fULL SCALE

14457

NATIONAL SEMICONDUCTOR ) Fig. 101-1

An LM10 is used as a meter amplifier. Accuracy can be maintained over a 15°C to 55°C range for
a full-scale sensitivity of 10 mV and 100 nA. The offset voltage error is nulled with R5, and the bias
current can be halanced out with R4. The zeroing circuits operate from the reference cutput and are
essentially unaffected by changes in battery voltage, so frequent adjustiments should not be neces-
sary. Total current drain is under 0.5 mA, giving an approximate life of 3 to 6 months with an “AA”
cell and over a year with a “D” cell. With these lifetimes, an ON/OFF switch might be unnecessary. A
test switch that converts to a battery-test mode might be of greater value.

VOLTAGE MONITOR

ViN Vorn= 5.5V

Vyrn = 4.5V "y
A3 |
iNAt v )
DUTA B
b T UNDERVOLTAGE

o {HYST

}— POWER 600D
REF o
/ll > QuTB GVERVOLTAGE

v maxim
MAX923

MAXIM Fig. 101-2

A MAX923 dual comparator is used as a window detector. For a threshold of 4.5 Vand 55V,
R, =1.068MQ, R, =61.9KkQ, and E, = I MQ.

688



ac VOLTMETER HAS UNIQUE FEATURES

95,1%

High-pass liltes

0.5 pF, 460 ¥ it
= 5my
102

015 uF 400V 1 1Hmy
Lh ] ¢ ot S0

150my -4
s0omy = M

15y =
sy A

5y {Non-shortiag )

1N4001
]|
To 3
meter < >
stttion 100%
(Fig. 2) 0.2 kHz .
.Tpf-i '—4'
0.24 —————WA—e-N
4306 pF uF 10k, 100,
1% % T
15y = Low-pass llter
M M
W i
N v/’ AN
Y V &
+

THIS meter seale can be enlarged

on & copier and sttached to a weler face

for the dualscale ac voitmeter.

ELECTRONIC DESIGN Fig. 101-3
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ac VOLTMETER HAS UNIQUE FEATURES (Cont.)

181587 or
1N4149

10k, 1%

10k, 1%

From Input 38
filter
section
(seeFig. 1) | Med

0.047 uF

_t——o—)o—'\/w\—u—' Gj- Peak
— 84¢ o = Auerage

10k, 1%
1N4149

TLOT2

A5¢ o——)
6.8 F, 16Y ==
4 5 :
§

ADS36
9]

MX536 (T0-5)
3.3ur.1av£ 1 2 1]

+ p—
A5V 1€ =

BEuF 16V —

Though it’s built with standard components, this ac voltmeter contains many features not typi-
cally found in commercial meters; the most unusual is a selection of rectification modes. The meter
responses available include true RMS (TRMS), average, RMS-calibrated average responding, positive
peak, negative peak, positive-peak held, and negative-peak hold.

High- and low-pass filters (S1 and S6, respectively) allow the —3-dB-passband to be varied from
as little as 10 Hz to 200 Hz, to as wide as dc to 500 kHz. The low-pass filter also is effective in the 100x
amplifier mode, where the input equivalent noise level is only 0.3 pV, with 10-kHz roll-off.
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dc VOLTMETER

Resistance Values for a DC Voltmeter

V FULL SCALE Ry [(] R¢ (0] Rt (0]
10 mv 100k 1.5M 1.5M
100 mVY 1M 1,5M 1.5M
1V 10M 1.M 1.5M
10V 10M 300k 0
100V 10M 30k 0

VOLTMETER

NATIONAL SEMICONDUCTOR Fig. 101-4

A wide-range voltmeter circuit. This inverting amplifier has a gain varying from -30 for the
10-mV full-secale range to —0.003 for the 100-V full-scale range. Diodes D1 and D2 provide com-
plete amplifier protection for input overvoltages as high as 500 V on the 10-mV range, but if over-
voltages of this magnitude are expected under continuous operation, the power rating of &, should

be adjusted accordingly.

EXPANDED-SCALE dc METER FOR 12-V SYSTEMS
+ O &

RZ
10k

This circuit can be used to monitor a 12-V

§ + system with a meter reading 10 V to another volt-

M1 age. Expect 10 to 20 V, depending on the setting

@ 0-1 mA of RZ. Depending on the characteristics of D1, R1
o1 - might be increased or eliminated entirely.

asT Fig. 101-5
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SIMPLE 3-DIGIT DVM

- +5 valts
: , :
Input to be maasurad -5
- E & E
! A <
100K ' ‘L u] 1z gain /; 16 ° © 3 c 8 c
/17; o ) 2N200Ts
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10k N 50K 13 A , ‘
12 T3 13
4 CABGZE 1Y 1o 1 a
3 10 a B 5
. ' H ’ ;
1 1% 2
- 2 ! 1"“ 11 1 fw
t
s
e 2
5
3 12 16 . /. bR
) 2 uaN 72 0
2810 oF gimilar
77 o LED
10k dlizplay
73 AMATEUR RADIO TODAY Fig. 101-6

A CA316827% A-D converter drives a CA3161 BCD decedcr/driver and LED display to [orm a sim-
ple DVM circuit. The 50-kQ gain control and 1006-k€/10-kQ voltage divider defermine full-scale
range,

INEXPENSIVE VOLTAGE CALIBRATOR

<o¥ o > +0-12V
R R2 51

470k 10K -0 &V

Wy My <R3

8 19 & TiK
0 4Y

U < R4

555 Tk
—0o3V

1 2 3 I4 Fo) := RE

0 0 + 1K
7805 —02V

C2 C1 R7 :: RE&

470 22 Gl 1K @K
o o

POPULAR ELECTRONICS Fig. 101-7

In the voltage calibrator, two low-cost [Cs—a 555 oscillator/timer and. a 780565 5-V 1.5-A voltage
regulator—along with a precision voltage divider network are used to provide outputs of 1- to 5-V
peak-to-peak.
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DOUBLE-ENDED VOLTAGE MONITOR

vt

VTR = 15Y
&T = &Y

10k D1 N8

.1
20 uF

ftash rate increases
above 6Y and
below 15V

NATIONAL SEMICONDUCTOR

. Fig. 101-8
This circuit has the added feature that it can sense an over-voltage condition. The lower activa-
tion threshold is given by equation (1}, but above a threshold,
_ R4(R, + Ry) Vi
TH B {(R,+R)-R3(R +R,)

oscillation again ceases. Below V.., the op amp output is saturated negative, but above ¥

‘i it s sat-
uraied positive. The flash rate approaches zero near cither limit.

AUDIBLE VOLTAGE INDICATOR

470 200V
ACIDC
D1 D2 T o
1N4OOS  1N4DO4

D3 D4 R2
1N4004 1N4OD4 56K
1w
AA
b d
""‘V
A1 gy HieH
2.2K AW g8
LOW

POPULAR ELECTRONICS

Fig. 101-9
The audible voltmeter can be used to test for ac or de voltages in 4 circuit. With 8! closed, the

circuit can be used to test for voltages between 4 and 24 V, and when 81 is open, it can be used to
check for the presence voltages of up to 200 V.
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LOW-DRAIN METER AMPLIFIER

It
_— -
R¢

AN

+
~

lin

T

NATIONAL SEMICONDUCTOR Fig. 101-10

-1.5¥

Meter amplifiers normally require one or two 9-V transistor batteries. Because of the heavy cur-
rent drain on these supplies, the meters must be switched to the OFF position when not in use. The
meter circuit described here operates on two 1.5-V flashlight batteries and has a quiescent power
drain so low that no on/off switch is needed. A pair of Eveready No. 950 “D” cells will serve for a min-
imum of one year without replacement. As a de ammeter, the circuit will provide current ranges as
low as 100 nA Tull-scale,

The basic meter amplifier circuit shown is a current-to-voltage converter. Negative feedback
around the amplifier ensures that currents /, and /, are always equal, and the high gain of the op amp
ensures that the input vollage between pins 2 and 3 is in the microvolt region. Output voltage V_ is
therefore equal to /R, Considering the =1.5-V sources (1.2 V end of life) a practical value of V_ for
full-scale meter deftection is 300 mV. With the master bias-current setting resistor (R_) set at 10 M2, the
total quiescent current drain of the eircuit is 0.6 pA for a total power supply drain of 1.8 pW. The input
bias current, required by the amplifier at this low level of quiescent current, is in the range of 600 pA.
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102

Waveform Generator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure humber in the box of each circuit correlates to the entry in the Sources section.

Simple Triangle Waveform Generator
Triangle-Wave Generator

Generate Accurate PWM Signals
Triangle-Wave Generator

Low-Frequency Pulse Generator
Sine/Casine Audio Generator for Galvanometer Experiments
Basic 555 Monostable

Op-Amnp Sawtooth Generator

Digital Sine-Wave Gencrator

Signal Source for Audio Amplificr/Inverter
Simple Test Signal Generator
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SIMPLE TRIANGLE WAVEFORM GENERATOR

+9-12V
h
811V P-P
p —Q
8|4 R2 -[_L—r 200Hz
U1 3 12(.].K -—0 N\/\/ .5V P-P
ey
555 1 200Hz
P 4
l’ 2 18 $ux o ce
- —i1 : ‘ 2
POPULAR ELECTRONICS Fig. 102-1

The circuit is a triangle waveform-generator circuit that uses as few parls as possible. A BBH
timer IC, two resistors, and two capacitors make the triangle waveform, The ICis connected in a 50%
duly-cycle astable square-wave oscillator circuit. The square-wave output is fed from piri 3 of the IC
to an RC shaping circuit.

When the B55's square-wave output goes high, C2 begins to charge through R2 and the voltage
across C2 increases as long as the output remains high. When the IC’s output goes low again, C2 be-
gins to discharge through R2 reducing the voltage across G2 as long as the output remains low. The
resulting wavelorm across C2 takes the shape of a triangle. The best waveform linearity is obtained
when B, and C, are made aslarge as possible. With the component values shown, the peak-to-peak
output is 0.5 V at a frequency of ahout 200 Hz.

TRIANGLE-WAVE GENERATOR

¢l — 0V
29 ca L+
220
R5 =
. 47K c4 -
, (12 L1458 4 82 ; 100 Vpp
' U‘H>—"—-—-l(———0 50-60Hz
5 |uta b 5 > * out
' R4 4] 12 LM1458 -
2 L+ m
i 10K
M = +9V
celt <€ R2
> oM $ 10k
:: 10K 4.7 <
POPLULAR ELECTRONICS Fig. 102-2

This oscillator, which is built around an LM1458 dual op amp and a few inexpensive components,
produces a 2-V peak-to-peak, triangular waveform.
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GENERATE ACCURATE PWM SIGNALS

*
Duty-cycle
LA Ic2 .3J| select
Lithae Bl —ito o |,
4584 13 ENA 2 )
' 03
Blpgr W
= = 4 K oy
06 B
PWH
g; ot
it/ O—e 0
*Select for 10X the 7k co
desired PWM frequency a7
Yoo =
ELECTRONIC DESIGN Fig. 102-3

Accurate 10 to 90% duty-cycle PWM signals can be generated using this simple circuit setup.
The desired duty cycle is selected by a single jumper block. PWM clock IC1 runs at 10x the desired
pulse drive frequency. IC2, a 4017 divide-by-10 counter, decodes the clock pulses into one of 10 out-
puts. Output 0 resets IC3, the PWM latch. The latch stays reset until the desired duty-cycle output
set by the jumper block is reached. At this point, the PWM latch is set, and the PWM output line re-
mains high until output 0 is decoded again.

By calling IC2's output () the “reset” line for the latch, the PWM outpult is forced inactive if the
jumper strap is removed to change duty cycles without first powering dewn.

Using the zero-state reset allows 1C2’s reset pin to be used as an on/off control line for the cir-
cuit. The complementary PWM cutput could be used in a full bridge design.

TRIANGLE-WAVE GENERATOR

b
Triangle
wave
out

ELECTRONICS NOW Fig. 102-4

The first two gates are set up as a square-wave oscillator, and the last one makes the conversion
to triangle waves.
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LOW-FREQUENCY PULSE GENERATOR

01

A1

LARRLY)

-
10,000
ey
s
Z AN
-
o \
Z 1000 - .
)
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d
[+ -
[~
100
100k ™ 5M

R{(1's}

Pulse frequency vs. B,

NATHONAL SEMICONDUCTOR Fig. 102-5
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SINE/COSINE AUDIO GENERATOR FOR GALVANOMETER EXPERIMENTS

Cosine
Gutput
?
Sine output
| ?
R2 =
1.2k53

igklﬂ Frequency

C1-C3 1 yF polarized electrolytic

1C1 LM747 dual op amp IC

J1,J2 e-inch miniature ghone jack

All resistors are 5 to 10 percert tlerance, /4 watt.

All capacitors are 10 to 20 percent talerance, rated
at 35 voits or more.

‘McGRAW-HILL Fig. 102-6

This circuit shows how to implement a sine/cosine audio generator for operating two gal-
vanometers,

BASIC 555 MONOSTABLE

+V -
=)
R1
4 B
7
&
1 N
/1; Output
555 3p———0
Trigger
in
S A—
5 1
icz »
McGRAW-HILL Fig. 102-7
T+11RC,
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OP-AMP SAWTOOTH GENERATOR

o1 R9
1N814 500K

D2ty
¥onsa

Ca
Y 1NB14

D4
b 4 1NE14
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Q

=

2 PIO] ns

| My
= R4
FOK
POPULAR ELECTRONICS Fig. 102-8

The sawtooth generator circuit shown is reset at the end of cach cycle. The result is a constant
peak-to-peak output throughout the circuit’s frequency range.

The constant-current generator circuit, the voltage-follower circuit, and the comparator circuit
produce the waveform. A 555 timer IC (U2) is configured as a one-shot, multivibrator that’s triggered
by the comparator’s negative output pulse.

DIGITAL SINE-WAVE GENERATOR

L _ J%, a ]L_i.m

1

E i i 4
c24 1028
b P Ve OUT | o5 | i ;
g V20 Ty 1206200 ; St JMM Gnout NLEV2
00 GND 010203| (| |oo a1 0z 03 | comasir | 282
TT T T-1 l I e Foqy = 3906 Hz

- =" GND

2 ﬁ
10k
! L] .- 180 0F

ELECTRONIC DESIGN Fig. 102-9

The sine-wave generator starts with an 8-MHz signal and divides it by eight to obtain 1 MHz at
C1 (IC1’s 2-MHz and 500-kHz outputs can serve as alternate drive signals). Q1 level-ghifts the 1-MHz
pulses so that they can drive the bipolar circuitry necessary for producing a bipolar cutput. Syn-
chronous counter IC2 divides 1 MHz by 256 to give the desired output frequency (3906 Hz}, and IC3
filters the harmonic frequencies.

The filter’s clock is taken from the first divide-by-2 tap of IC2 to assure a 50% duty cycle. 1C2 fur-
ther divides this signal by 128 to ensure that the filter's input signal (1 MHz/256) falls within the flat
portion of the filter response.

The output of the switched-capacitor filter resemnbles a sampled sine wave. It can be smoothed
by building a first- or second-order low-pass [ilter around the otherwise uncomnitted output op amp.

r

B-MHz
crysial
ostillator
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SIGNAL SOURCE FOR AUDIO AMPLIFIER/INVERTER

— i

- Square-wave
T—% 10 k£2 '_—_-? + output
10 k(2 10 k2
= 10 e) 1.5 k2 y =
d
7 1 10% + 1 k) 5.6 k()

= Hz
2(RC)

When R is in chms. ¢
When Cis in uF. Sine-wave

output

McGRAW-HILL Fig. 102-10

Two op amps (741, ete..) are used in this oscillator circuit. A square wave is available and a sine
wave, obtained by shaping the triangle waveform, is also provided.

SIMPLE TEST SIGNAL GENERATOR

W

8 4
< Rl
+ 1MEQ
FREG
7
3 « +
. Wy -—
itﬁ & 555
5K
2 GAIN OUTPUY
ct
—Q
ce 51

1
) uF ? 51
+

ELECTRONICS NOW Fig. 102-11

An NE555 generates signals for test purposes. Frequency range is from 20 Hz to 10 kHz, de-
pending on the setting of S1. +Vis 5V,
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103

Waveguide Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources section.

10-GHz Waveguide Detector for Amaleur Radio Use
10-GHz Waveguide Transition for Amateur Radic Use
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10-GHz WAVEGUIDE DETECTOR FOR AMATEUR RADIO USE

Threaded Type
BNC, SMA Or N Connector
(BNC Is Best Fit}

-
? RBRF Choke Made
From Brass Slug
250 -Dia. Insulate
L From Brass Tube

Wavequide
Flange

1N23 Mixer Diode
10 GHz Mixer

Brass Block
Snug Fit To

” » Bottom Of L
Xg 1N23 Diode

1/4

Xg Dimension = Back Of Waveguide To
Center Of Probe Or Mixer

73 AMATEUR RADIO TODAY Fig. 103-1

This shows the construction of a waveguide detector for use at the 10-GHz amateur radio fre-
quencies.

10-GHz WAVEGUIDE TRANSITION FOR AMATEUR RADIO USE

Flush Mount Type
BNC, SMA Or N
Connector
Center Pin On
Xg Back Of Guide
Spacing |
Dimension From Flange To
Probe Or Mixer Diode Mot
Critical, Space To Suit
Your Needs
E
el
1/4 i
Xg '
73 AMATEUR RADIO TODAY Fig. 103-2

A transistor adapts the waveguide to coaxial cable or other types of transmission lines.

704



104

White-Noise Generator Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
707. The figure number in the box of each circuit correlates to the entry in the Sources sectjon.

Zener-Diode White-Noise Generator
White-Noise Generator
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ZENER-DIODE WHITE-NOISE GENERATOR

+9Vv
22
10 k(Y
10 wF % c
e -—«|Fo

2N3904

WILLIAM SHEETS Fig. 104-1

This circuit uses a Zener diode as a noise source. C is chosen to pass the lowest-desired fre-
quency components of the noise,

WHITE-NOISE GENERATOR

+24 ¥

10
ki}

47 k2
2N3904
2N3904

WILLIAM SHEETS Fig. 104-2

Here, a 2N3904 E-B junction is used as a noise generator, reversed bias. C is chosen to pass the
lowest-desired frequency components of the noise.
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Index

Numbers preceded by an “T°, “11°, “[II", “IV™, “¥”

or Vlrespectively.

A

ahsolule-value circuits, 1-37, [V-274
amplifier, [-31
full wave rectifier, II-528
Norton amplifier, [II-11
precision, I-37, IV-274
ac amplifier, high input impedance,
VI-55
ac line/tiier interface, VI-281
ac motors {se¢ also motor control
circuils)
eontrol for, 1375
power brake, [1-451
three-phase driver for, I1-383
twa-phase driver for, I-56, 11-3842
ac power monjtor, VI-351
ac/de indicator, IV-214
ac-to-de converters, I-167
fixer power supplies, IV-395
full-wave, IV-120
high-impedance precision rectifier,
I-164
acceleromeler, VI-345
acid rain monitor, 11-245, I1T-361, V-371
acoustic ficld generator, V-338-341
acoustic sound receiver/transmiller,
v-311
active anlennas (see antennas,
aclive)
active filters (see also filter circuits)
band reject; I1-401
bundpass, III-190, TI-221, 11-223
variable bandwidth, [-286
digitally tuned low-power, 11-318
five pole, 1-279
Tourth-order low-pass, V-184
high-pass, V-180, V-188
Fourth-order, V-1858
second-order, 1-297
low-pase, V-178, V-181, V-188
digitally selected break frequency,
1216
unity-gain, V187
low-powar
digitally seleclable center
frequency, 1-186
digitally tuned, [-279
programmable, 111-185
RC, up to 150 kliz, 1-294
speech-range filter, V-185
state-variable, [11-189
ten-hand graphic cqualizer using, 11-
684
thrae-amplificr, 1289
tunahle, 1-284
universal, I1-:2i4
adapters (see also conversion and
converters)
de transceiver, hand-held; TIT-461
line-voltage-le-multimeter adapter,
V312
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program, second-audio, 1I[-142
traveller's shaver, 1-495
adder circuits, I1-327
binary, fast-action, TV-260-261
AI'SK generator, one-chip, VI-23
AGC (see automatic gain control
(AGC)
air conditioner, autn, smart cluich
[or, 113-46
aircrafl receiver, 118- to 136-MHz,
VI-542
air motion and pressure
haromeler, VI-338
electronic anemometer, V1-6
flow-delector, 1-235, 11-240-242, 111-
302-203, IV-82,V-154, VI-4-6, VI-
183
Mow-meters (anemometears)
hol-wire, [lI-342, V-5, V1-4-6,
V1-183
thermally based, 17-241
pressure change detector, 1V-144
molion detector, 1-222, [11-364
airplane propeller sound effect, [I-592
alarms (see also annictators; sirens),
-4, II[-3-9, IV-84-89, v-1-18, VI-7-
16
855-based alarm, V.11
alarm-tone generator, V-563
amateur racio on-alarm and timer,
VvI-32
audio-sensor alarm, V-8
aulo burgtar, 1-3, 1.7, 1-10, [1-2, I,
V-53
alarm decoy, V1-13
automatic-arming, [V-50
autematic turn-olf, 8 minute
delay, IV-52
CMOS low-current, IV-56
horn as Toudspeaker, [V-54
motion-actuated car/motoreycle,

I-9
secnrity syslem, [-5, [V-19-56,
VI-9, VI-i1

single 1C, II-7, IV-55
aute-arming aulomotive alarm, V-
50
antomatic Lurn-off, [V-54
8 minute deluy, IV-52
baby-alert transmitter/recetver, V-
05-96
backup battery low alarm, ¥T-110
hells, electronje, [[-33, I-636
blown fuse, 1-10
baat, [-9
oy -heal detector, VI-264
burglar alarms, 1I1-8, [i[-9, TV.86, VI-
<4

burglar chaser, V-16
latching circuir, 1-8, 1-12
NC and NO switches, TV-87
NC switches, IV-87

s or *VI" are from Encyclopadia of Blectronie Cireuits Vol 1 I 1L TV, V,

one-chip, -5
sell-lalching, IV-85
tirned shutoff, IV-85
camera Lriggered, Iii-444
capacitive sensor, III-515
current monitor and, II-338
dark-aclivated alarm, pulsed tone
outpul, V-13
delayed ularm, V-4
differential voltage or current, I1-3
digita! clock cireuit with, I11-84
doar-ajar, 11-284, 111-46, VI-14
Hali-eflect circuit, [1I-256
door rinder, V-5
doarbells (see annuciators)
driver, high-power alarm driver, V-2
exit delay for burglar alarms, V-10
fail-sale, semiconductor, ITT-6
field disturbance, II-507
flasher signal, V-197
flashing brake light for motoreycles,
V112
flex switch alarm sounder, V-15
flood, 1-390, [11-206, IV-188, V-174
freezer meltdown, I-13
headlighls-on, III-52, V-77
heat-aclivated alaym, V-9
highviow-limit, [-151
home security system, -6, 1V-87,
VI-10-11
ice formatien, [1-58
nfrarcd wireless systern, Tv-222-
223
laiching relay alarm circuit, VI-569
light-activated, V-9, V-27
high-output, pulaed tone, V-14
precision design, V-12
- precision with hysteresis, vV-14
self-latch, tone output, V-15
witk lateh, V-12
light-beam intruder-detoction
alarm, V-11, V-13
loop circuit alarms
closed-lnop, V-3
muiti-loop parallel alarm, V-2
parailel, V-3
series/parallel, V-3
low-battery disconncet and, Iil-65
low-battery warning, 111-59
low-volts, 11-493
maotoreycle alarm, VI-13
motereyele burglar alarm, VI-15
motoreycle horn alarm, VI-14, VI-15
multiple circuit for, [1-2
no-doze alarm, V-8
one-chip, -5
photoelactric, -4, [[-319
piezcelectric, 1-12, V-10
power failure, 1-581, [-582, TT1-511
printer error, IV-106
praximity, iI-506, II-617, V-485-
ARH, VI-GET



pulsed-tone, 1-11, V=559
purse-snatcher, capacitance
operated, 1-134
rain, 1-442, 1-443, TV-159
road iee, 1-67
security, 1-4, 11-3-%
sclf-arming, -2
sensor amplifier, sensor amplifier,
VI-52
shutolf, automatic, 1-1
signal-reception, receivers, [II-270
silent alarm, V-16
sirer, V-559
smpke alarms, [T-278, [11-246-263
gas, 1412
ionizalion chamber, 1-332-333
linc-operated, TV-140
operaled fonization type, [-696
photoclectric, line-aperated, [-586
SCR, I11-251
solar powered, [-13
sonic defenders, [V-324
spaceship alari, V-560
speed, [-95
Star Trek red alert, TT-577
strobe flasher alarm, TV-180, V-6
tamperproof burglar, [-8
temperature (See also temperature-
related cireuits), T1-4, T1-643
adjustable threshold, T-644
tight, radiation sensitive, 1I-1
timer, [I-674
trouble tone alert, 11-3
turn signal use alarm, VI-100
varying-frequency watning, 1I1-679
wailing, 1I-672
warbling, II-573, V-7
watchdog timer/alarm, 1V-584
water leakage/level {see also tluid
and moisture), 1189, 1v-190, V-
374
allophone generator, II-733
alternators
hattery-alternator monitor, cae, [IT-
63
regulator for automehbile alternator,
V-76
altireter, digital readout, V-296
AM radio-related circuils, 1-H44
AM and shortwave, ac/de vacuwn-
tuhe design, VI-536-537, VI-536
AM-mochilated oscillater for
wireless microphones, V1450
amplitude medulator, [1-370
broadcast band signal generalor,
1V-302
car radin o shortwave converter,
1v-500
demodulator, -160
detector, 455-kHz AM, VI-184
cnvelope defector, [V-142
linear (AM} amplitude modulator,
V[-402
microphone, wireless AM
microphone, I-679
modulation monitor, 1V-299
power amplifier for, I-77
receivers, TI-625, MI-81, 111-520, 11I-
535, [V-455 V-496, VI-B35
1.5 V broadeast, V-197
mixer/oscillator for AM receiver,
V412
Lransistor radio, V-502
carrier-current, M-81
FM/AM receiver, VI-B4L
inlegrated, [T1-535
one-lube, V1-H52

regenerative, one-tube, VI-547
two-chip, Y1-550
shortwave racdho AM breadcast trap,
V1-214
signal generators, 1V-301, IV-302
Luned coliector oscillator, for AM
broadeast, band, VI-454
AM/FM-related circuits
clock radin, T1-543, 111-1
squelch civeult, 11-547, II1-1
amaleur radio related eircuits (see
aiso amateur television), VI-17-
AI'SK generator, one-chip, VI-23
amplilier control circuitry, 1.2-kW
144-MHz, VI-19
amplilier powar snpply, 1L2-KW 144-
Milz, VI-18
audio breakout box, VI-26-27
baltery pack and reverse polarity
protection, VI-30
CW audio [iter, VI-29
OW idertifier, programmable, VI-24
CW Lransimitter keying cirenit, VI-
22-23
CW Lransmitter, one-watt, VI-27
identifter cirenif, VI-31
lincar amp, 2-30 MHz 140-W, I11-260
lincar arnplifier, VI-1.2-kW 144-
MHz, VI-20
mobile radio on-alarm timer, VI-32
Morse code circuits, VI-404-409
PTT contro! from receiver audio,
VI-28
recciver for, [11-534
RF line sampler/coupler, VI-30
1f variable-frequency oscillator
VFO}, V-532
SSB receiver, VI-80-1eeter, VI-20
superhet receiver, lour-stage 75-
meter, VI-21
SWR detector adapler, audible, VI-
25
transceiver memory buckup, VI-28
transceiver relay inlerface, V-243
fransmit keyer interlace cirenit, V1-
31
transmitter, 80-M, 1LI-675
voice identifier, V-850
amareur television (ATV) circuits,
33-15, VI-33
downeonverter, 420 to 450 MIx, VI-
44-40, VI-44
downeonverter, 902 to-428 MiLz, VI-
40)-41, VI-40
dummy load for transmiller Lests,
VI-37
horizental deflection circuit, VI-382
mini transmitter, VI1-36
parabolic dish microphone
amplifier, VI-82
pream), mast-mounted, VI-37
switching supply for color TV, SCR,
VI-487
transmitter for 440 MHz, VI-5-walt,
VI-34
transrnitter, VI-B-watt, VI-35
transmitter, three-channel, 420- Lo
450-MHz, VI-4, V1-42
Lrangmitter, three-channel, 902-10
928-MHz, VI-38, VI-38
UHE scanner active antenna, VI-67
vertical deflection circuit, VI-374
video detector for transmitter tests,
VI-37
ambicnee araplifier, rear speaker, I1-
458

ambicnt tight aeffects, cancellation
cireuit, 1-328
amhisnt light-ignoring optical sensor,
1H1-413
wireneter, 1-201
Tow-current, V-307
mano, 1-202
pico, TT-154, 11-167, [-202
gnarded input circuit, [I-156
six-decade range, 1I-153, 11-166
anplifiers (seg also audio amplificrs),
11-5-22, HI-10-21, V-17-26, VI-46-
57
1 watt/2.3 GHz, II-540
2 to 6-W, with preamp, 11-451
2 to 30 MHz, 140W amateur radio
linear, I-bih
4W bridge, 1-79
BW output, two-meter, I-567
6W 8-ohm oupnit-transformerless, 1-
5
10 dl3-gain, IM-H43
10 W power, I-76
10 x butfer, -128
12-W low-distortion power, I-76
16-W bridge, [-82
25-watt, 11-452
30 Mi, T-567
40 dB gain, TV-36
60 MHz, 1-667
A MHy, cascade, [-D67
ROW PLP broadband/linear, I-557
100 Ml Lz/400 MHz neutralized
corunon soltree, 1065
100% PEP 420-450 MHz push-pull,
1-654
100x bulfer, 1-128
135 Lo 175 MUz, T-564
1B0W PEP broadband, T-R56
200 MHz neutralizesl common
source, -568
450 MHz conanor-source, I-568
600-W rf power, 1-559
absolute-value, 131
ac amplificr, noninverting, V-18, ¥-
19
ac amplificr, high input impedance,
VI-55
ac servo, bridge type, TM-387
ae-coupled, dynaric, [T1-17
acoustic field generator, V-338-
341
AF drive indicator, V-346
AGC, II-17
squeleh control, 111-33
widle-band, [II-15
acdjustable-gain noninverting, 1-91
amateur radio, linear, 2 Lo 30 MHx,
140W, I-666
ambience, rear speaker, 11-458
AM radio power, I-T7
attenuator and, digitally conirolled,
1-53
andio (gee audio amplifiers)
audio converter, two- to four-wire,
11-14
augdia limiter, low-distortion, i-15
audio power amps (see andio and
sound eireuits, power amps)
aidio signal amps (see audio and
sonund cireuits, signal amps)
andio-to-UHF preamp, V-24
automatic fade circuit for, 11-42
automatic level control, 11-20
automotive audio amplifier, 1V-66
Av/200, stereo, I-T7
balince, T1-46
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amplifiers, contined

inverting, I-33

loudness control, 11-47, [1-385
bandpass amplifier, V1-54
bootstrap cirewit, V-3566
bridge, 1-74

4 watt, [-79

16 watt, I-82

ac servo, [-468

audic power, I-81

high-impedance, 1-353

transducer, TMT-71, 11-84, 1-361
broadband

low-noise, 1-662

PEP, 160-W, T-666

linear/PEP, R0W, 1-557
bridge amplifier, V1122, VI-122
buffers

10x, I-128

100x, [-128

ac, single-supply, [-126

battery-powered, 15351

of amp with rodulalor, [V-400

sine-wave outpul, 1-126

unity-gain, stable design, 11-6
car stereo hooster anp, V-72
cagcade, ITT-13

80 MHz, 1-567
cascode, rf amplilicrs, 1V-488
CD404% andio signal amp, TV-40
chopper, = 15V, 111-13

chopper channel, 1350

stabilized, [I-7
clamp-lirniging, active, [II-15
colar video, 1234, HI-724
COTAMNN SOurce

460 MHz, [-568

low-power, 11-84
complementary-symrmetry audio, I-

T8

composite, -8, [[[-13

compressor/amplifier, low-
distortion, IV-24

constant-bandwidth, II1-21

control circuilry, 1.2-kW 144-MHz,
VI-19

caol-down cirpuit, V-354, V-357

crystal tuned amp, VI-57

current feedback amp, 100 mA at
100 Mz, V-25

current-shunt, [i[-21

current collector head, 11-11, 11-295

current probe amplifier, VI-521

current-lo-voltage. high-apeed, 135

Darlington, push-pull, V-22

de servo, 14567

de-stabilized, fast, [II-18

de-to-video log, 1-38

detector, MC1330/MG1352, TV 17,
1-688

dilfercnee amplifier, V-18, v-21, V1-
a4

dillercntial, I-38, III-14
high-impedance, [-27, T-354
high-input, high-impedance, 1i-19
instruinentation, I-347, TI1-283
instrumentation, biomedical,

111-282
prograrrmable gain, 111-607
Lwo op amp bridge rype, 11-83
discrete current-booster, ¥-23
distribution amplifiers
audia, 1-39, 11-39, V-59
signal, 1-39

dual power supply, V-465

dynamic, ac-coupled, [11-17

ear protector circnit, V-482
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eleciret microphone preamp, V-21
electromeler, overload protected,
1I-158
fast-inverting, high-inpt
impedance, V-18
FET input, II-7
offset gale bias, V-22
viden, cascade, I-691
flat response, .92, 1II-673
forward-current booster, 111-17
four-guadrant phote-conductive
detector, 1-359
frequency counter preamyp, V-24
gain, 10 dB, 1M1-543
gain-controlled, I11-34
gate, 1-36
guitars, matching audio signat
amps, [V-38
harmonic distortion analyzer,
V-241
harmonic distortion meter, ¥-312

“hi-fi compander as, II-12

hi-fi expandor, 11-13
high-frequency amplifiers, 11-259-
265
29-MHz, [11-262
J-lo-30 MHz, 80-W, 12.5-13.6 V,
11-261
amaleur radio, lirear, 2-30 Miiz
140-W, TI1-260
noninverting, 28-dB, TI-263
RF, broadeast hand, TIT-264
UHF, wideband with high-
performance FETs, T11-264
wideband, 11I-265
high-Impedance/Migh-gain/tigh-
frequency, I-41
high-impedance/low-capacitance, I-
691

high-input-high-impedance
amplifiers, 11-19, ii-44
high-side current-sensing amp, VI-54
highpass amplifier, ¥1-49
IF amplifiers, T-640, 1V-459
455-kHz, V=522, V-5, V-524
45-MHz, crystal lilter, V-527
AGC system, IV-4568
preamp, [V-4560
receiver, TV-459
quadrature detecror, TV sound
IF, 1-680
two-stage, 60 Mllz, [-563
wideband, 1-68%
infinite sample and hold, [I-658
input-inverting, fast, high-
impedance, V-19
input/output buifer for analog
multiplexers, 11111
ingtrumentation amplifiers, [-346, T-
348, T-344,
1-3562, T1-203-295, 111-278-284,
V-229-234
V-233-235
=100 V cormmon mode range,
111-294
current collector head
amptifier, 11-295
differential, 1347, 1-349, 1-353,
1-354, TIT-2R2, 111-283
extended commmon-mede design,
TV-234
high-impedance low-drift, 1-355
high-speed, [-354
low-drift/low-ncise de amplifier,
v-232
Tow-signul level/high-impedance,
350

low-power, 11-284
meter driver, 11-296
preamps, [11-283, [V-230-231
‘precision FET input, I-355
saturated standard cell amplifier,
1256
strain gange, 11-280
triple op amp, I-347
ultra-precision, [1-279
variable gain, ditferenlial inpu,
1-349
very high-impedance, [-354
wideband, 111-281
inverting, 1-42, 11-41, 11I-14
ac, high-gain, 1-92
balancing civeuit in, 1-33
gain of 2, lag-lead compensation,
UHF, T-566
low-power, digilally selectable
gain, 11-333
power amplilier, 179
programmable-gain, 111-505
unity gain amplifier, I-80
wideband unity gain, 1-36
ISD 1000A record/playback circuit,
VI-50
isolation
capacitive load, [-34
level-ghifting, 1-:348
medical telemelry, [-352
of, TI-547
JFET, V.20
500-Mohn input impedance, V-23
bipolar cascade videe, 1-692
current source biasing, V-21
preamplificr, V-22
line amips, 11-37
duplex, Lclephone, II-616
universal design, IV-39
linear arplifiers
2-kW 144-MHz, VI-20
2-30 MHz, 140W PEP amateur
radio, [-665
100 W PEP 420-450 MHz push-
pull, 1-654
160 W PEP broadband, I-556
amateur radio, 2-3¢ MHz 140-W,
1I-260
audio power amplifiers, V-51
CMOS inverter, II-11
inverler, linear amp from
inverter, II-11
rf, [V-480-481, 1V-484-485
load-lme protected, 7HW audio, [-73
lugarithmic amplifiers, 1-29, 1-35, -
5

de to video, 1-38
log-ratio amplifier, 1-42
op amp, VI-56
logic amplifiers, [[-332-335
low-power binary, to 10n gain
low-frequency, II-333
low-power inverting, digitally
sclectable gam, 11-333
low-power noninverting,
digilally selectable input and
gain, 11-334
precision, digitally programmable
input and gain, I{-336
programmable amplifier, [[-334
log ratio, 1-42
loudness control, 11-46
low-level video detector circuit and,
1-687
low-noise design, 1V-37
lowpass amplifier, V1-4Y
medical telemetry, isolation, I-352



meder-driver, rf, 1-MHz, 11I-545
micro-powered, high-input/high-
-impedance, 20 dB, 11-44
micro-sized, 11-36
microphone, -87, 111-34
electronically balanced input, I-86
microwave amplifiers, IV-315-31%
5.7 GHz, IV-317
bias supply for preamp, 1V-318
preamplifiers, [V-316-319
mini-steren amplifier, V-682
monostable, 11-268
MOSFET
high-impedance biasing method,
Vv-19
push-pull amplifier, VI-b&
neulralized commen source, [-565,
I-668
noninverting amplifiers, I-32, 1-33, [-
41,111-14
ac power, 1-79
adjustable gain, [-91
comparalor with hysteresis in,
1-1563
high-frequency, 28-dB, 11-263
hysleresis in, 1-153
low-power, digitally selectable
inpul and gain, T-334
power, 1-79
programumble-gain, TT1-505
single supply, I-74
split. supply, [-75
Norton, absoiute-value, 11-11
op armp (see operational amplifiers)
oscilloseope sensitivity, TT-436
output, four-channel /A, TIT-165
pH prebe amplifier, Vi-523
phono, I-80, I-81, 1-89
photodiode, 1-361, 11-324, 111-19, T11-
672, VI-301, V1302
phototransistor amplificr, vV-409
.playback, tape, III-672
polarity-reversing low-power, 1/1-16
power {(Seg power amps)
power supply, V-464, V-45, VI-18
pre-amps {see preamplifiers)
precision amplifier, [-40, 11-335
precigion RTD, for +5 V, V1-643
programmable amplificrs, 11-334,
111-504-508
differential-input, programmmable
gain, I111-607
inverting, programmable-galn,
11-505
noninverting, programmafile-
gain, [II-505
precision, digital control/
programming, [II-506
programmable-gain, [-32, 1I-9
variable-gain, wide-range digilal
control, [I-606
programmable gain, 1-32, -9, VI-51
programmable input, VI-52
pulse-width proportional controller
circuit for, T1-21
push-pull
Darlington, V-22
MOSFET, VI-55
PEP 100-W, 420-450 MHz, I-554
I'WM servo, [II-379
recording amplifier, I-90
reference voltage, [-36
remate, 1-01, VI-B0
remotely powered sensor amplifier,
VI-62
rl' (sae rf amplifiers)
sarple-and-hold, 1587, 11-668

selectable input, programrable
gain, 1-32
servo aruplifiers (see also motoy
controls), 1-452
400 Hz, TT-386
bridge type ac, 14068
du, 1457
maotor drive amplifier, 11-384
signal amplifiers, audic, 11-41-47, IV-
34-42
signal distribution, 1-39
sound-activated, gain-controlled,
1v-528
silicon-controlled amplifiers {(SCA),
V-535-536
decoder, 11214, 1-166, [1-170
dermodulator, TT-150, 11I-565
subcarrier adapter, FM tuner,
V-538
sinewave onlput buffer, T-126
sound mixer and, M1-37
seurce follower
bootstrapped, V-20
JFET, v-20
speaker ampliliers, T1-16, TI1-39
speech compressor, 11-15
stereo amplifiers, 1-77, T1-9, I1-34
bass tone control, V-84
subwooler power supply, V-464
surnming, [-37, LU[-16
fasi-action, I-36
inverting, ¥-18, ¥-20
precision design, 1-36
video, III-710, VI-681
switching power, 1-33
tape playback, 1-92, IV-36
tape recording, 1-90
telephone, [I[-621, IV-5655, [V-560,
V-G14
telephone ring amplifier, V1-624, VI-
6206

test bench amplifier, V-26
tester, VCR head amplifier, VI-48
thermocouple, 1-654, HI-14

cold junction compensation in,
11-649, VI-642

high-stability, }-355

transducer, I-86, [I[-669-673

transformerless, 6-W, 8-ohmn
output, [-75

transistorized, [-86, [I-43

tremolo cireuit, voltage-controiled,
1-558

tube amplifier, high-voltage
isolation, IV-426

taned amplifier, VI-63

TV andio, I{I-39

two-meter, 1-562, [-567

two-stage, [-D63, 1-688

UHF, 1-560, I-665

unity gain, [-27, II-7
noninverting, V-21, V.22

varizble-gain, for oscilloscopes, V-
426

VHF, single-device, 80-W/B0-ohm, 1-
Hh8

video, -692, 111-708-712,

V-65i, V-656, V-657, V-658,
V-662, VI-674, VI-8792, VI-681,
VI-683

75-ohm video pulse, I11-T11

250-mA 60-MHz current
feedhack, VI-682

butfer, Inw-distortion, 1I-712

color, [-34, TI-724

de gain-contrel, I-711

TET cascade, [-691

gain block, TM-712
1IIF, low-level video detector
circuit, -688, T-687
JIFET bipolar cascade, [-692
line driving, II-710
log amplifier, 1-38
RGB, 11-709, VI-675
surmrming, 11-710, VI-681
video IF amplifier/detector, VI-678
voice activated swilch, [-608
voice-operated circuits, V-553
voltage, differential-to-single-
cnded, 111-670
voltage ndicators/meters, VI-689
voltage-controlled (see voltage-
controlled amplificrs)
voltage-follower, signal-supply
nperation, 111-20
voltineter amplifier, low-drain, Vi-
695
volume, 11-46
walkman, II-456
write, [I[-18
amplitude modulation (see AM radio-
related circuits; AM/FM)
analog circuits
counter circuit, T-137
delay ling, ccho and reverb, [V-21
multiplexers, 11431, [1I-396
multiplier, II-392
switch, differential analog swilch, I-
622
nalog-lo-digital converter, 11-23-31,
T1-22-26, [V-5-6, V-27-30, VI-58-
60
3-hit, high-speed, 1-80
B-hit, 1-44, 1-48
8-bit successive approximation, 1-47
10-hit, 11-28
10-bit seriul output, M1-27
12-bit, high-speed, 1-29
16-bit, II-26
hoard design, IV-6
buffer circuit, I-127, VI-128
capacitance meter, 3.5 digit, lII-76
cyelic, =30
differcniial input system for, [I-31
eight-channel, for PC clones, V-29-
30, V-29 -
fast precision, -49
Tour-digit (10,000 count), 1I-25
hall-flash, TIT-26
high-speed system, YI-49
1C, low-cost, [-60
LCD display, 3.5 digit, 1-49
personal computer A/D converter,
VI-60
poller, V-28
suceessive approximation, 11-24, II-
30, 1-45
switched-capacitor, 111-23
temperature measurcmeit
converter, VI-234-235, V1634
three-decade logarithmic, 1-48
three-IC, low-cost, I-50
tracking, TT1-24
video converter, [V-610-611
analyzer, gas, [1-281
AND gate, [-395, V-216, V1-315
large fan-in, I-385
relay circuit, VI-316
ancmometers {see also air
moticn/pressure), VI-4-H
hot-wire, [1I-342, VI-5
thermally based, 11-241
angle-cf-rotation detector, II-283

=
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arnuneiators (see also alams;
sirens), 11-32-34, TM-27-28, IV-T10
ac line-voltage, 111-730
bell, electronic I-636, 11-33, V-9
buzzers, I-11, I-12, V-8, V-170
chime cireuit, low-cost, 1133
door buzzer, IV-8
doorbells/chimes, [-218, 1-443, V-8
buzzer, V-170
buzzer, two-door, IV-10
musicai-tone, IV-522
rain alarm, [-443
single-chip design, IV-h24
sliding tone, I1-34
Lwin-bell, V-170
large fan-in, -390
SCR circuit, self-interrupting load,
I
{win-bell doerbell, V-i70
Lwo-door annunciator, Iv-10
answering machines (see also
telephone-related circuits)
beeper, IV-05H1
antennasg, IV-11-14, V-31-38, VI-61-67
active, III-1-2, IV-1-4
wideband rod, IV-4
with gain, IV-2
balun, V-34
M automobile radio diversity
antenna, VI-64-65
FM tunable antenna booster, VI-85
HF broadband antenna proamnp, V-
36
HF/VHF switchable active unlenna,
V-524
loop antenna,
3.0 MHz, IV-12-13
dual hand, 80-16-M, V-32
preamp, V-38
matchbox antenna tuner, VI-66
miniature broadband (3 to 30
MHz), VI-63
Preamps
HF broatdband, V-36
VLF 60-kHz, V-33
wideband antenna, V-35
remate tined active HF,) VI-62
selector switch, 1V-538-5639
TR switch, automatic, V-37
tuner, VI.66
1- to 30-Mllz, 1V-14
Tow-power, V38
UHF scanncr active antenna, VI-67
VILF 80-kHz antenna preamp, V-33
VLEAILEF wideband, low-noise,
active, V-33
wideband antenna, preamp, V-35
antithell device, -7
arc lamp, 25-W, power supply for, [1-
476
are welding inverter, ultrasonic, 20
kHz, III-700
are-jet power supply, starting circuit,
1LI-47H
astable multivibrators, 11-2689, 11-5110,
111-188, 111-233, [11-238, V-387, V
B8, VI-418 VI-419
op amp, 11-224

[rec-running square-wave nacillator,

V186
_brogranunable-frequency, TTT-237
square wave generation with, 11-597
starling network, VI-418
variable pulse width, VI-419
allendance counter, IT-138
ullenuators, 111-29-31, VI-68-70
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analog signals, microprocessor-
controlled, TIT-101

digitally programmable, 11-30

digitally selectable, precision
design, 1-H2

programmable, TTi-30

programmable (1 to 0.00001), I-53

f, IV-322

switchable power, VI-69

variable, [-H2

variable voltage, VI-70

voltage-controlled, 1T-18, 11-31

audio amplifiers (see also amplifiers;

audio and sound circuits; andio
power amplifiers), 11-41-47, III-
32-30, IV-34-42, V1-71-R2
10-watt amplifier, VI-85
20-dB gain amp, VI-78
40 dB gain design, 1V-16
AGC, squeleh control, 1ii-33
audio compressor, 11-44
automotive stereo systemn, high-
nower, TV-66, V1I-101
balance, [[-46, 11 47, IV-215
Baxandall tone -control, IV-588
booster, 20 dB, 1145
CD404% design, 1v-40
circuit bridge Inad drive, [11-35
class AB single-supply amp,
eomplementary, VI-81
complementary-syrunctlry, [-78
compressor, 11-44
distribution, 1-39, -3¢
electric guitar, 1V-38
electronic-ear low noisc amp,
parabolic dish microphones, VI-
82
fader, autvinatic, 11-42
fixed power supplies, IV-398, IV-407
high-gain amp, VI-80
high-slew rale power op amp, [-82
gain-controlled, stereo, I11-34
line amplifier, [I1-37, [V-39
linear amp, micropower, V1-73
lnad line proleetion, 7T5W, I-73
laudness, (1-46
low-level amp, VI-78
low-nuise design, TV-37
low-powcer, 11-454
micro-sized, [I-36
ricrophone, [I-45, I11-34, VI-81
micropower high-input-impedance
20-dB amplifier, 11-44
mini-stereo, [I1-38
NB M andio arnp, VI-74
personal stereo ampiifier, VI-75
power (se¢ audio power ampliliers)
power supply, V-465, VI-483
pre-amps
1000x, low-noige, TV-37
AGC, VI-2
balanced micrephone, V1-77
dynamic micrephone, VI-78, VI-7¢
FET phono cartridge, VI-79
general-purpose, 1V-42
impedance-matching, 1V-37
low-noise, IV-41
magnetic phono cartridge, 1V-353
microphone, IV-37, TV-41, 1V-d42
NAB tape playback, professional,
1-38
phono, II-37, TV-35, Tv-36
RIAA, III-38, VI-80
single-ended high-z microphone,
Vi-78
steren, [1-43, 11-45

transistor RIAA for lelephone,
VI-76
Q-multiplier, 11-20
RIAA line amplifier/driver, VI-77
signal (see audio signal amplifiers)
signal source for audio
anplifier/inverter, VI-702
speaker, hand-held transccivers, III-
39
tape playback amplifiers, [V-35
television type, 111-39
test cirenit, VI-34.3
tone control, 11-686
transistor headphone amplifier, 11-43
two-franststor design, VI-74
ultra-high-gain, 1-87
vaciuum tube aplifier, VI-72-73
vehicle audio amplifier inverter, VI-
284
volume indicator, 1-46, [V-212

auctio and sound circuils (see also

andio amplifiers; sound
generarors; sonnd-operated
cireuits)
acouatic field gencralor, V-338-341,
V-338
acoustic sound
receiver/transmilier, IV-311
AF drive indicator, V-346
amplifiers (see audio amplifiers)
audio-frequency generator, V-416-
417
anudica-frequency meter, V-308, V-
320
andio-rl signal Lracer probe, I-G27
audio-sensor alarm, V-8
audio-test oscillator, V-420
audio-to-ADC interface, V-242
audio-to-UHF preamp, V-24
automalic gain control (AGE), 1117
automalic level control (ALD),
V-62
AGC system for CA3028 IF amp,
1V-458
rl amnplifier, wideband adjustable,
111-545
squelch control, 11I-33
wide-band amplifier, III-15
boosler, 11-455, [I1-35
biquad filter, 111-185
bridge load drive, HI-3H
carrier-current trarsmitter, [11-79
clipper, precise, {I-394
compressor, [I-14
continuity tester, [-550
converter, tbwo- to four-wire, 11-14
CW audio filter, V1-405
CW identifier, VI-408
distribution amplifier, [-34, 11-39
ditherizer, VI-377
dual tone generator, V1340
expander, V-H82
filters (see filters)
frequency doubler, 1V-16-17
frequency meter, [-311, VI-335
gain control, remote, VI-384
generators (se¢ sound generators)
LED bar peak program meler
digplay, 1-264
level meters, sound levels, 111-346,
1614, TV-305, 1v-307
leveler, ALC, VI-3
limiters, -15, ¥V-335
millivoltmeter, TTII-767, HI-769
mixers (sor mixers)
muting cireuit, V1-383



noise-based voting cirenit, VI-422-

noteh fitter, 11-400

oclave cqualizer, V-3H3

oscillators, 1-64, Ti-24, TI-427, IV-
374, IV-3Th, VI-432-440
20 Hz to 20 kHz, variable, I-727
light.sensitive, TII-315
sine-wave, [1-H02

puwer (ge atdio power amplifiers)

power meter, 1-488

power supply for auto sound amp,

VI-483
@ multiplier, T-20
receivers (8o receivers)
I signal tracer probe, 1-022
scramblers, 1V.25-27
selector, digital, V-158
signal amplifiers (see audio signal
wnpliliers)
sine wave generator, I1-564
squeleh, 11-394
switches
sight-channel, V-5H88-580
video/andio switch, V-586
switching/mixing, silens, I-59
telephone/andio interface, VI-625
transmitters (see transmitters)
waveform generators, I11-230
audio generators (see sound
generators)
audio-operated circuits (see sound-
operated cireuits)
auddio power amplifiers, I[I-451, I1I-

454, TV-28-33, V-30-b1, VI-83-03

1.5 watt, VI-12 'V, VI-84

6-W, with preamp, [11-454
10-watt, VT 85

18-W bridge, V-49

20-W, 111-456

W bridge composite, V-46
40 W, V-41

50-W, 111-451

70 W, composite, V-44-45
8O-wall 1, V1-91

90-V 10-A high power, VI-93
A amplifier, VI-92

audio wnplifier, [V-32

basic design, V-51

bridge, I-81, v-49, V-8R

bridge conneelion of two power op

amps, V142
bridge composile, V-46
bull horn, IV-31
class-AB amp, V1-86
complementary amp circuit, V1-91
composite,

33-W bridge, V-46

TOW, V-44-45

inverting 1OW, V-47

noninverting 10W, V-47
dual, V-42-43
general-purpose, 5-W, ac, 1V-30
half-watt, single-channel, V-41
mverting composite, 10W, V-47
line-operated, VI-86
linear, fast, high-vollage, V-51
rini-megaphaone, VI-23
MOSFET, V-47

noninverting composite 10W, V-47

op amp, simple design, IV-33

parallel power op amp, VI-84

personal-stereo type, V-48

phonn amp, VI-90

power bridge amp with single-
ended output, VI-85

quasi-complerentary, VI-90
quasi-coleplementary, split, power
supplics, V1-89
receiver audio circuit, IV-31
REFL-prool, VI-B8
RIAA phono amplifier, VI-88
sterco amp, 1Y 2%, V-40
subwoofer amp, V-48, V-50
vacuum tube amplifier, VI-87
audio signal amplifiers, 11-41-47, IY-
34-43, V H2-59
hooster, V-58
cotupressar, audio, V-57
audio signal amplifiers, constant-
volume, ¥V-b5
distribution amplifier, V-59
dual preamp, V-h8
headphone amplifier, V-53
headphune amplifier, JEET, V-57
line driver, V-54
mini-arnp, V-5
phonograph, magnetic pickup, V-58
Lunable-filter design, V-56
voluroe limiter, V-5
audio-frequency generator, V-416-417
audio-fregqnency meter, V-305, V-320
audio to-1THF preamp, V-24
audiofvideo switcher eircult, IV-540-
541
auto-aclvance projector, [-444
autodrun soind effect, 11-591
auto-Tade cirenit, T-42
auto-Masher, 1-209
auto-zeroing scale bridge circuits, I11-

aulornatic gain control (AGC), I1-17,
Vi1l
AGC systern for GA3028 IF amp, [V-
458
audio prearap, VI-2
IF network AGC, VI-3
low-noise 3-MHs AGC, VI-2
-rf amplilicr, wideband adjiustable,
TI-545
squelch control, 1-33
wide-band amplifier, TM-15
aulomatic lovel contral LATC), V-60-
62, VI-1
AGC sysLem for audio signals, V-62
basic design, V-62, VI-3
digital design, ¥-61
autemotive circuiis, 11-48-63, 1TT-40-
52, [V-43-67, V-63-77, VI-84-104
accegsory-power controller, V-70)
alarma (see also alarms/security
cireuits), V-1
autematic-arming, [V-50
automatic turn off, IV-53
(GMOS design, low-current, 1V-56
decoy, VI-13
horn as londspeaker, JV-54
single-IC design, [V-65
air conditioner smart cluteh, 11-44
alternator/battery monitor, 111-63,
V-88, VI-9T
alternator regulator, V-76
AM radic to shortwave converter,
TV-500
amplifier, hooster for car sterco, V-
7é
analog expanded-scale meter, [V-46
andio-amplifier, high-power, IV-66,
VI-101
auclio ampilifier inverter, VI-284
audio system power supply, VI-103
back-up beaper, T-19, IV-51, IV-56

bar-graph voltmeter, [1 H4
baltery chargersimonitors (see also
ballery-reluted cireuits)
charger, ni-cad, 1-115
condition checker, [-108
current. analyzer, T 104
eloclric vehicle battery saver,
111-67
isolator circuit, VI-104
monitor, 106, 1-222, TII-60-67
supply circuit, = 15- and 5-V,
1v-391
ballery cranking-amps tester, V-84
ballery/alternator monitor, V-88
brake and turn indicator, V-74
brake lights, V-85
delayed extra, -44
fashing, V-69, VI-12
flashing third, NI-51
nighl-safety light for parked car,
1V-61
third brake light, TV-60
burglar alarms, 1-3, 1-7, I-10, II-2,
-4, W-7, TV-53
cassette recorder power eircuit, IV-
548
cigarette lighter 9-V adapter, VI-97
courtesy lights
delay switch, TI1-42
light extender, 11-50
de power adapter, V-70
digi-tach, 1161
directional signals monitor, [I[-48
door ajar moniter, I-10
clectric vehicles, battery saver, II-
87
clectrical reonitor, VI-96
clectrical tester, TV-45
eleclronic circuits, TV-63-67
engine-block hearer reminder, V-74
exhausl emissions analyzer, I1-51
fan thermostatic switch, V-65
FM radio diversity antenna, VI-04-
65
fog light controller with delay, TV-30
fuel gauge, digital readont, TV-10
fuse monitor, V-77
garage slop light, 11-63
generator regulalor, V-76
pglow-plug driver, 11-52
headlights, [V-57-62
alarm, [II-52, V-77
automatic-off conlroller, 1V-61,
V-T6
delay circuit, I-107, 11-59, 111-49
dimmer, II-67, [I-63
flasher, V-73
monitor, VI-104
on-lights reminder, V-74, V-77
switching circuit, V-75
headlight/spotlight control, ¥V-67
high-speed warning device, [-101
ice formation alarm, II-68
ignition eircuit, V-64
capacitor discharge, VI-102-103
cut-off, IV-63
electronie ignition, IV-66
suhstitute ignition, I1I-41
timing light, 11-60
rnmohilizer, T-50
kill-switch for battery, time-
delayed, V-71-72
light circuits, TV-57-62
lights-on warning, 11-55, 111-42, [V-
A8, IV-A0, TV-62
locator; automobile locator, II-43
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anlomatic level control (ALC),

continued

motereycle alarm, VI-13
burglar alarm, VI-15
flashing brake light, VI-12
headlight menitor, VI-104
horn alarm, VI-14, VI-15
tune-up aid, VI-3h%
turn-gignal system, VI-98

night-safety light. for parked car, Iv-
2]

oil pressure gange, digital readoul,
IV-44, IV-47
PTC thermistor automaotive
temperature indicator, 11-66
power supply, VI-483, VI-513
radic receiver, 11-525
radic WWV converter, ¥-119
read-head pre-amplilier, 111-44
road ice alarm, 1157
security system, -5, [V-49-56, VI-0,
VI-11
spotlight/headlight control, V-67
stethoscope for automobiles, VI-95
tachometers, 1-94, 1-100, 1-102, II-
175, =335, TH-340,
111-347, V-65, VI-98
analog readout, IV-280
calibrated, TT-598
closed Inop feedback control,
11-390
digital readout, 11-61, 111-45,
IV-268-269, TV-278
dwell metertachormeter, 111-45
feedback control, 11-378, -390
frequency counter, 1410
low-frequency, T11-596
mirimum-comnponent design,
1405
motor speed controllers, [1-378,
1I-38%
optical pick-up, 111347
set point, 111-47
temperature gauge
digital readont, Tv-48
PTC thermistor, 11-56
test light, high-7, V1 104
thermostatic switch fur auto fans,
V-G8
turn signals, V-65
alarm, VI-100
motorcycle, VI-08
audible reminder, V-74
monitor, TTT-48
sequential flasher for, {-109, III-1
smart., V-66-67, V1-99
reminder, V.73
vacum gange, digitul readout, IvV-
45
voltage gaige, 1V-47
voltage regilator, 11-48, [V-87
voltmeter, bargraph, 1-99
water temperature gauge, 1V-44
windshield wiper circuils, 1-105, II-
55, 11-62
contrel cireuit, 1-103, 1-105, [1-62
delay cireuit, 11-55, 1V-64
hesitation control unit, 1-105
intermittent, dynaric braking,
I-49
interval controller, IV-67
slow-aweep control, 11-538
windshield washer [luid watcher, I-
107
WWYV converter for radio, V-112
averaging circuil, V1-324
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B-ficld measurer, [V-272
baby moniter, V-370-371
baby-alert transmitter/receiver, V-85-
06
back-biased GaAs LED light sensor,
11-321
back-EMF PM motor speed control,
i-379
backup-light. beeper, car, [V-51, IV-56
bagpipe sound eftect, 1V-521
balance indicator, audio amps, [V-215
balance meler, stereo, V-583
balancer, stereo, 1-619
balance amplifiers, [11-46
loudness control in, [1-395
balance indicator, bridge circuit, 11-82
balur, V-34
band reject filter, active, 11-401
bandpass filter {see also filter
circuits), [1-222, V-180, V-181, VI-
220
0.1 to 10 He, 1-296
160 Hz, I-296
active, IT-221, 1 223, 111-190, VI-210
1 kHz, [-284
20 kH:, 1297
60 13 gain, [-284
variable bandwidth, 1-286
amplifier, VI-54
biguad, I-285, TIT-188, ¥-160
Chebyshev fourth-order, 111-191
high-@3, [ 287, v-179
MFE, mullichannmel tone decoder, I-
otata]
multiple feedback, [-285, 1-297, 11

notch, [[-223
one op-amp design, VI-222
Sallen-Key, 300 1z, 1291
second-order biguad, III-188
speech-range filter, V-185
state variable, [-290
lunable, [V-171
two op-amp design, VI-216
variable bandpass, V- 184
variable-frequency, V-186
handswitching for receiver, VI-608
bang-bang power controllers, IV-389
bar-code scanner, 111-363
bar-cxpanded scale meter, IT-186
bar graphs
ac signal indicator, 11-187
voltmeters, 11-54, [1-99
harricade Masher, 1-299
harometer, 1V-273, VI-338
bass tone control in stereo amplifier,
V-h84
bass faner, 11-362
2V, 111
200 mA-hour, 12V Ni-Cad, I-114
automatic shutoff for, I-113
battery-operated cquipment {see
nfsn hattery-related circuits)
ac power control switch, [V-387
automatic shuloff, [I[-61
hipolar power supply, 11475
black light, v-281
buffer amplifier for slandard cell, I-
351
calenlators/radios/cassette plavers,
power pack, 1-509
cassatte deck power circuit, car, IV-
54K
fence charger, [1-202

flasher, high-powered, IT-229

lantern cirenit, I-380

light, capacitance operated, 1-1:31

On indicator, TV-217

undervoltage indicator for, 1-123

warning light, IT-320

battery-related circuits (see also

battery-operated aquipment), V-
82-80

12-V battery statns indicator, VI-
120

AA cells, +5 V/+3.6 V power supply,
V-452
alarm, VI-110-111
automotive battery isolalor, VI-104
hattery-life extenders, [V-72, V-87
-V, M-62
disconnect swiltch, IV-75
electric vehicles, 167
hurler, battery butler, VI-116-117
capacity tester, L[1-66
car hattery/alternator monitor, V-88
chargers, 1-113, 11-64, 11-69, 11I-53-
59, IV-BB-72, V-T8-81,
VI-105-113, VI-118
12-¥ charger, IV-70
constant voltage, current limited,
I-115
controller for charger, VI-1067
current. limiter [or charger, VI-108
intelligent circuil, V-81
lead-acid trickte charger, VI-112
lithinm charger, VI-108, VI-109,
VI-112
maobile charger, +12 Vde, IV-T1
ni-cad, 1-112, 1-1185, [1I-57,
VI-109, V1111, VI-113
photoflash capacitor, VI-466
i type, V-79
smart. charger circuil, VI-106
solar-powered, V-81
temperature sensing charger,
W-77
frickle charger, lead-acid, V-79
checkers (see batlery monitors,
helow)
condition checker, 1-108, 1.121
control for 12V, [[112
canverter, de-to-de, [V-119
cranking-amp test circuil, V-84
current limited 8V, 1-118, IV-70
current manitor, 0-2 A batteries, V-
87
disconnect switch, life-cxtender,
W75
dynamic constant currenl, test,
-5
fixed power supply, 12-VDO/120-
VAC, TlI-464
gel cell, T1-66
high-voltage gencrator, 111-482
indicators {see batlery monitors,
betow)
internal resistance tester, [V-74
kill-switch, time-delayed, V-71-72
lead/acid, 111-55
level indicator, 11-124
lithium, T1-87
hackup battery replacement,
VI-120
charge indicator, 1[1-78
low-battery detection/warning, I-
124, T1-77, 1I1-56, 111-59, 111-63, [I-
6, TV-58, [V-80, VI-118
low-cost trickle for 12V storage, I-
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onitors, 1-108, 1-222, [1-74-79, [11-
BO-H7, [V-T3-80, V-82-83, VI-T110-
111, VI-114-120

ni-cad bulteries, 1-118

analyzer for, HE-64
charger, 1-112, 1-1186, 111-57,
VI-109, Vi-111, VI-113
12 v, 200 mA per hour, 1 114
currenl and voltage limiting,
1-114
lasl-acting, [-118
portable, IV-69
temperalure-sensing, [V-77
thermally controlled, 11-68
packs, aulemolive charger for,
1-116
portable, [I1-47, IV-69
protecticn circuit, 111-62
simpli-cad, [-112
temperature-scnsing charger,
.77
test circuit, IV-79
thermally controlled, 11-68
zappers, [-6, 1[-66, [1-68

power supply and, 14V, 11-73,
111-42

probe for batlery charger, VI-118

proteclion cireuil, ni-cads, 111-62

PUT, I11-54

rechargeable LED fashlight, VI-107

regulator, [-117

relay fuse, V-88

reverse polarily prolection, ¥I-320

saver circuil, V-87

sensor, quick deaclivaling, 111-61

simpli-cad, I-112

solar cell, II-71

splitter, [11-66

status indicator1I-77

step-up swilching regulator, 6-V, [1-
8

supply-voltage monilor, V-85
test circuits, IV-T8, V-B3, V-86
LED bargraph, V-89
ni-cad, IV-79
thermally controlled ni-cad, H-68
threshold indieator, [-124
TJT, II-56
undervollage indicalor, [-123, VI-
117
universal ballery, {11-56, HI-58
versatile battery, [I-72
voltage indicalors/oniters, 11-79,
IV-80, V-86
automotive balleries, IV-47
detector relay, II-76
HTS, [-1122
regulator, IV-77
solid-state design, [-120
watchdog circuil, V-85
wind powered, II-70
Zapper, simple ni-cad, I-116
Baxandall tone-control audio amp,
TvV-548
BCD decoder/driver, mulliplexed, V1-
189
BCD rolary swilch, digital, V-160
BCD-to-analog converter, 1-160
BCD-to-parallel converler, mulliplex,
I-169
beat-frequency oscillalor, VI-452
beacon transmiller, HI-683
beep transformer, II-655, [[1-566
beepers, [-19, [I[-49, VI-14:3
bells, electronic (see also alarms;
annueiators), [-636, [1-33

hench top power supply, [1-472
birycle speedometer, IV-271, [V-282
hilateral cnrrent source, MT-469
binary counter, 11-135
biormedical instrimentation
differential amplifier, 1M1-282
bipolar de-de converter with no
inductor, 1I-132
bipolar power supply, T-475
bipolar veltage reference sonrce, TIT-
774
biguad audio filter, TTI-185
second-order bandpass, ITT-188
RC active bandpass, T-285
bird-chirp sound effect, 1588, TT-577
bird [eeder monitor, V-371
bistable multivibrators, 1-133, 11-465,
VI-228-230, VI-418
inverter, HI-108
debouncer, IV-108
[lasher, 1-299, 11-234
Larup driver, 1V-160
pushbutton trigger, V-388
RS (lip-Top, 1-395
SCR, 11-3687
SR lip-flogp, 1V-651
Louch-triggered, I- 133
Lrigger Mip-fMop, VI-229
Lwi-arp Mip-op, VI-230
bil grabber, computers, 1V-105
black light, battery-operated, V-281
blender-motor control circuit, ¥V-379
blinkers (see flashers and Binkers)
blown-luse alarm, 1-10
boiler controd, [-638
bongos, clectronic, 11-587
booslers
12 ns, 11-47
ac ine volltage boost, V-349
audio, 11-456, 111-35, V-58
booster/buffer [or relerence
currend, 1¥-425
clectronie, high-speed, 11-96
forward-current, 1I1-17
LED, 1-307
power beoster, ap amp design, V-
158
rl amp, broadeast band boost, TV-
487
shortwave FET, 1-661
bootstrap circuit, ¥V-356
source [ollower, ¥-20
cable, 1134
brake lights (see automative clireuits)
brake, PWM speed control/energy
recovering, HI-380
breakers
12 ns, 11-97
high-speed electronic, 11196
breaker power dwell meter, 1102
breakoul box
amateur radio, V1-26-27
buffer, 1-120,
breath alert alcohaol tester, TI-359
breath menitor, 111-350
briddge balance indicator, T-82
bridye circuits, 1-552, 11-80-85, TTI-68-
71, IV-81-83, VI.121.123
ac, 11-81
ac servo anptifier with, 1387
accurate nullfvariable gain cireuit,
111-69
air-llow-sensing thermistor, TV-82
amplilier, 16-watt, VI-85, VI-88, VI-
122, VI-123
aulo-zeroing scale, H1-69

balance indicator, 11-82

bridge transducer amplifier, II-71

crystal-controlled oscillator, IV-127

differential amplifier, two op-amp,
1183

inductance bridge, IV-83

linearizing function eircuit, VI-321

load driver, audio circuits, III-35

low-power common source
amplifier, 11-84

one-power supply design, [V-83

QR SWR, 111-336

rectifter, fixed power supply, [V-398

remate sensor loop transmitter, 11I-
70

rf bridge, V-5{0-MHz, V-303

strain gauge signal conditioner, TT-
a5, TM-71

transducer, amplifier for, 11-§4

Wheatstone bridge, VI-123

Wien-bridge (see Wien-bridge)

hrightness controls, M1-308, T-316

contrast meter, 1-472, 11-447
LED, 1-250
low-loss, 1-377

broadband communications (see

radionif cirewits)

buck converter, SV/0.54, 1-194
bhuck/Maost, converter, 111-113
bucking regulators

add 12-V output to 5-V, V-472
high-voltage, [T[-481
huffer amplifiers, V-91
10x, 1-128
100, 1-128
ac, single supply, I-126, VI-127
hattery powered, standard cell, TI-
Al
MOSFET design, V-4
sine wave outpit, T-1240
VFO design, V-52
butfers, TV-83-00, V-a0-23, VI-124-
128
amplifiers (see uffer amplifiers)
ar., single-supply, high-speed, I-127-
128
ADC buffers, I-127, VI- 120, VI-126
AfD, 6-hit, high-speed, 1-127
AM converter buffer, VI-128 |
analog neninverting switched
buffer, VI-127
bidirectional design, VI-128
booster/buffer for reference
current, IV-425
rapacitance buffers
low-input, 111-498
stabilized low-input, T1-502
data/clock line serial bus for PCs, V-
110
hex-buffer crystal oscillator, V-136
high-current, V-92
inpartZoutpat, for analog
nmultiplexers, 111-11
inverting, [[-209, IV-90
microphone buffer amplifier, high-
Z,VI-126
oscillator buffers, [V-89
piezoelectric, VI-AT0
precision-increasing design, IV-89
rail-tn-rail single-supply buffer, V-
93
rf amp, buffer amp with modulator,
V400
stable, high-impedance, [-128
1hity gain, stable, good speead, high-
input impedance, TT-6
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buffer amplitiers, continued
VEC buffer amplifier, V-92
video buffer, III-712, V-&3
voltage follower, VI-127
wideband buffer, [-127, VI-126
buffered breakout box, IT-12(
bug detecter, II-365, V-1
bug tracer, [I1-358
bull horn, 1-453,TV-31
burglar alarms (see alarms;
anrucialors, sirens)
burst generators (see also function
gencralors; sound generators;
waveform generators}, II-86-90,
1II-72-74
mulli-, square waveform, II-88
rf, portable, [11-73
single timer [C square wave, TI-3%
single tone, [1-87
strobe tone, [1-50
Lane, 11-90, 111-74
bursi. power control, 111-362
bus interface, eight bit pP, II-114
Butler oscillalor, V1-452
aperiodic, [-196
comrnon base, 1-191
crystal, F182
emitter lollower, 11-190-191, 11-194
Rutterworth filler, VI-220
{ourth-order, 1-kHz, VI-222
lourth order high-pass, I-280, V-178
fourth order low-pass, V-180
order low-pass, V-181
buzzers (see annuciators)

C

cable
bootstrapping, 1-34
coax cable driver, VI-201
driver, VI-678

terminator, positive feedbick, VI-388

test eireuit, I11-539, V=289
tester, audiofviden cable, VI-144
tracers, VI-65%
twisted-pair viden driver/receiver
circuit, VI-682
two-input, viden MITX cable driver,
VI-197
video cable driver, VI-200
calibrated circnit, DVYM auto, 1-714
calibrators
analog circuits, VI-3566
crystal, 100 kHz, 1-185
electrolytic-capacitor reforming, IV-
278
ESR measurer, [V-479
ascilloscope, [1-4:33, 11-436
portable, 1-644
soare wave, 5V, [-423
standard for calibration, 1-406
ractio calibralor, V-298
tester, IV-265
wave shaping, high-slew rates, IV-
650
cameras (se¢ photography-related
circuits; television and video)
canary sound simulator, V-557
canceller, central image, 111-358
vapacitance buffors
low-input, [11-498
stubilized low-input, I-502
capacitance controller, digital, ¥-159
capacitunce melers, -400, [-91-94,
HI-75-77, VI-340
AN, 3.5 digit, [II-76
capacitance=to-voltage, 11-92

744

digital, [1-94
capacilance multiplier, I-416, I-200,
V-205, V-347
capacitance loster, one-1C design, V-
S06, VI-358
capacilanee-Lo-pulse width
converler, 1H-126
capacitance-lo-vollage meter, 11-82
capacitor discharge
high-voltuge generalor, 111-485
ignition system, 11-103
capacitors
hysteresis compensation, V-363
progranumable, Vi-362
capacity tester, ballery, HI-66
car porl, automalic light controller
for, 11308
cars {see aulomolive circuits)
carrier-currenl circuits (see also
raddjo/rl circuils), MI-78-82, IV-91-
93, V9406
sceiver, [11-81
audio transmitler, H-7%
haby alert recciverdiransmitier, V-
9h, V 06
dati receiver, 1V-03
ransmitter, 1V-92
ceiver, U1-H0
intercom, 1-146
power line modernn, [11-82
receivers, 1-141, [-143
1C, 1146
single transistor, 1-145
relay, | 575, IV-461
remnte control, 1-148
transmitters, -144
1, 1-145
anfofl 200 kliz line, I-142
cascaded ampiifior, I11-13
etle bias oscillalor, 11-426
casselle interface, telephone, HI-618
cenligrade thermometer, 1-655, I11-
548, 11-662
cenlral image canceller, HI-358
charge pool power supply, 111-469
charge punps
posillve inpal/megative output, 1-
418, Ul-360
regulated for fixed power supply,
V=346
chargers (see battery-related circuits,
chargers)
chase eircuit, [-326, [11-197
Chebyshev filters (see also filter
circuits)
bandpass, fourth-order, IIT-191
fifth order multiple feedback low-
pass, [[-219
high-pass, fourth-order, 11-141
chime circuit, low-cost, 11-33
chopper circuits
amplifier, II-7, III-12, [-350
de output, V-349
JFET, V-352
checkers {seg measnrement/test
circuits)
chroma demodulator with RGH
matrix, III-716
chug-chug sound generator, 111-376
circuit breakars (soe also protection
cirenits)
12 ns, 1147
ac, [I-H12
high-speed electronic, 11-968
trip cireuit, TV-423
cirenit protaction (see prolection
cireuits)

clamp on-current probe
compensator, 1-501
clarvp limiling amplifiers, active, III-
15
clamping circuits
virdeo signal, 11-726
virien summing awplifier and, 111-
T
Clapp nacillator, VI-468
class-T} power amplilier, 11463
clippers, 11-3494, 1V-f48
audio-powered noise, [1-396
andio-clipperfiimiter, [V-355
noise clipper, adjustable, VI-423
zener design, last, syoumelrical, V-
329
clock cireuirs, 1-100-102, I1-83-85,
V-07-89, VI-149-131
lock pulse generater, 11-102
adjustable T°TL, 614
binary clock, V.98-99
buffer sexial hus, V-110
comparator, [ 166
crystal nseillator-micropower, 1V-
122
digital, with alarm, [11-84
gas discharge displays, [-12-hour,
[-253
low-frequency clock, ¥1-131
oscillator/clock generator, [H-85
phase lock, 20-MHz to Nuldus, 111-
106
run-down clock for games, 1V-205
sensor touch switch/clock, 1V-591
get, time windows within clock, V1-
130
single op amp, 171-85
soree, clock source, 1738
stepper motors, V-573
three-phase from reference, 11101
TTL, wide- frequency, 111-86
Z80 computer, 1-121
clock generators
oscillator, [-615
precision, 1-189:3
milse generalor, 60 He, 11-102
clock radio, [-542, [-543
CMOS circits
H55 astable true rail-to-rail square
wave generalor, U-596
9 bit, 111-167
coupler, oplical, 111-414
crystal oscillator, [11-134
dala acqudsition system, II-117
dirarmer, V-270
Masher, HI-185
inverler, linear amplifier from, 11-11
line reeciver, ¥-497
mixer, 1-67
multivibrators, V-385
aplical coupler, 111414
oscillator, I-187, I-615, I-199, TTT-
29, H1-430,.V-420
piczocleetric driver, V-440
programmable precision timer, 111-
B2
sharl-pulse generator, I11-H23
touch switch, 1-137
universal logic probe, IT-4599
variable-frequency ascillator
(VFQ), V-418
coaxial cable
drivers, coaxial cable, T-266, 1-560
five-transistor pitse hooster, 11-191
test cirenit, V-299
Cockeroft-Walton cascaded volluge
doubler, TV-635




eode-practice oscillators, I-16, I-20, I-
22, 11-428-431, IV-373, IV-375, V-
376, V-100-103, VI-404-409

kever, “bug” type, V-102
Morse code practice, V-103
opteisolator design, V-101
QRP sidetone generator, V-102
single-transistor design, V-103
VFO design, V-103

coil drivers, current-limiting, II[-173

coin flipper circuit, 111-244

coin toss game, VI-260

color amplifier, video, 111-724

cojor-bar generator, 1V-G14

color organ, 11-683, [[-584, V-104-105,
VI-193

color video amplifier, I-34

colorimeter, VI-306-307

Colpitts crystal oscillators, I-194, I-
572, 11-147, V-411, VI-160, VI-458

1-te-20 MHz, IV-123
frequency checker, [V-301
harmonic, I-185-150
two-frequency, [V-127

comb filter, VI-218

combination locks, electronic, II-196
three-dial, II-195

comrnutater, four-channel, 11-364

companders (see
compressor/expander circuits)

comparators, 1-157, [1-103-112, I11-86-
a0

demonstration circuit, II-10%
dinde feedback, I-150
display and, 11-105
dnuble-ended limit, H- 105, I-156
dual limit, I-151
four-channel, 111-90
frequency, 11-109, I1-110, VI-3563
fracpiency-detecting, 1TT-88
high-impedance, T-157
high input impedance window
comparater, 11-108
high-low level comparator with ane
op amp, IT-108
hysteresis, [-167
inverting, T-1h4
noninverting, 1-163
inverting, [-154
jitter suppression, V-342
latch and, 11-88
LED [requency, [1-110
lirnit, 1-156, 11-104
low-power, less Lhan 10 v
hysleresis, 11-104
microvalt
dual lirnit, 111-89
hysleresis, 111-88
monostable vsing, 11-268
oppoesite polarily inpul vollage, I-
155

oscillator, tunable signal, I-69
power supply overvoltage, glilches
detection with, II-107
precision
balanced input/variable offsel,
111-84
photodiode, I-360, 1-384
time out, I-163
TTL-compatible Schimitt. trigger, 11-
111
three-input and gate, op amp
design, [V-363
variable hysteresis, [-149
voltage comparator, [V-650
voltage monitor and, II-104
window, [-152, [-154, 11-106. 111-87,

II-90, TH-778-781, IV-656-G568,
VI-181
COImpass
digital design, IV-147
Hall-effect, 258
talking Hall-cffecl compass, V-221
compensalor, clamp-on-currenl
probe, L-501
composile amaplifier, 11-8, 111-13
compoesite-video signal text adder,
HI-716
compressorfexpander circuits, 11-91-
95, IV-94-97
amplificr/cormpressor, low-
distortion, IV-24
audio, 11-44, V-57
audio compressor/audio-band
splitter, [V-05
clock circuit, 1-156
guitar, sound-effect circuit, IV-519
hi-fi, 1I-12, I1-13
de-emphasis, HI-95
pre-emphasis, 111-93
low-voltage, II-92
protector circuit, [V-351
speech, II-2
unjversal design, IV-06-97
variable slope, [1I-04
computalarm, [-2
computer circuits (see also
interfaces), 1I-113-122, II[-96-
108, V-106-110, Vi-132-141
ADC, eight-channel, for PC clones,
V-29-30
analog signal attenuator, I1I-101
analog-to-digital converter for PC,
VI-60
alarm, I-2
ASCII triplex LCD, 8048/IM80{48,
I-116
L:it, grabher, IV-105
buffered breakout hox, 11-120
Luffer serial-bus for data/clock
lines, V-110
bus interface, 8-hit uP, [I-114
clock phase lock, 20-MHz-to-
NuBus, 1I-105
(MOS data acquisition systern, II-
nr
cemtrast and backlight controd,
high-efficiency, VI-191
CPU interface, one-shat, TV-239
data acquisition cireuit, VI-378
data separator for floppy disks, T1-
122
deglitcher, 1¥-109
display, cight-digit, 11-108
dual 8051s execule inlock-step
circuil, [V-99
DWVM adaprer [or PC, V-310
EEPROM programiuning doubler
circuil, VI-138
ELEPROM pulse generator, Y-
powered, 111-99
cight-channel mux/demux system,
1-1156
cighti-cligil microprocessor dispiay,
HI-106
crror checker, master/slave device,
V1-389
flash memory programming supply,
+12 voll, VI-138
flip-flop inverier, spare, 111-103
high-specd dala acquisition sysioem,
[I-113
interface, 680x, 650x, BORY familics,
111-98

interval timer, progranunizble, 11-

kevboard matrix interlace, [V-240
laplop compuler power supply, V-

LCD, CCFL supply with variable
contrast, V1-610
line protectors, 3 pp 14, TV-101
logic-level translators, TV-242
logic line monitor, IT-108
long delay line, logic signals, TI-107
menory/protector power supply
monitor, 1V-425
memory saving power supply, [7-486
microcomputer-to-triac interface,
microprocessor sclected pulse
widlh control, [1-116
_madem protector circuit, ¥-479
mademviax protector [or Lwo
computers, V-482
multiple inputs detector, 11-102
one-of-cighl channel transmission
systerm, W-100
oscilloscope digital levels, IV-108
password prolection eircuit, ¥-104,
V1-145
power line moder for cornputer
conlrol, ¥1-474
power saver for moenitors, VI-13%
power supply for notebook
compuler, lriple-outpul, ¥1-512
power supply watchdog, 11-494
pulse width conirol, 11-116
printer ¢rror alarm, [V-106
printer port, VI-134-133
printer sentry, V-107-108
reset protection, childproof, IV-107
RGB blue box, I{i-99
RS-232, computer-powered, VI-133-
139
RS-232 dataselector, automatic, I1I-
97

RS-232C line-driven CMOS circuits,
1V-104
RS5-232-t0-CMOS line receiver, III-
102
RS-232C LED circuit, 11I-103
RS-422 to R3-232 converter, VI-}33
shori-cireuit. sensor, remote data
lines. I¥-102
signal attenuator, analog, I[1-101
sleep-mode sound-operated
cirenits, V-H47
sucket debugger, coprocesser, I
1n4
speech synthesizer for, T1-732
stalled: output detector, IV-109
supervisory circnit, VI-136
switch debouncer, IV-105
auto-repeating, IV-106
teleprinter loop supply, VI-497
triac array driver, 1-410
voltage regulator for new
microprocessors, VI-566
Vpp generator for RPROMs, [I-114
wireless RTS keyer with data, VI-
136
XOR gates, TV-107
up/down counter, H1-105
£80 bus monitur/debugger, TV-103
£80 elock, 11121
contact switch, 1-136
conlinuity testers, 1-65(, 1-651, 1T
533, 11-535, L1345, 111-538-540,
IV-287, IV-280, IV-296, VI-142-
145
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buffer amplifiers, continued
adjustable continuity tester, VI-144
audible, 11-536, V-317, VI-145
audio/viden cable tester, V1-144
buzz box, I-651
cable tester, [I[-539
latching design, [V-295
low-resistance circuits, V-319
chmmeter, linear, ITT-540
PCB, I1-342, I1-635
ratiometric, [-550
RC decade box, V-204-205
resistance-ratio detector, [1-342
short-circuit heeper, V1143
single chip checker, T1-534
visual, V-293
contrast meters, 1447
automatic, 1-472
brightness controls, 1250, 7377, 11i-
control circuits (see fuid and
moisture; light-controlled
cireuits; motar control circuits;
speed controllers; teruperature-
related circuits; tone conlrals)
cantroller circuit, IV-142
ecnversion and converters, [-503, 11-
123-132, TI-106-122, 1¥-110-120,
V-116-128, VI-146-165
3-to-H V regulated output, 1-739
d-to-18 MHz, 111-114
4-10-20 mA current loop, IV-111
HSV-to-isolated BV al 20 MA, [11-474
HV-to-0.54 buck, 1-494
B-to-5-V converter, IV-119
12-t0-9V, 75, or 6 V, I-508
12-to-16 ¥, H1-747
28-to-b Vde converler, V-127
50+ ¥ [eed forward switch mode, I-
495
50+ V push-pull switched mode, [-
494

100 Milz, [[-130
100 V-10-10.25 A switch mode, I-
501
225-W 15-V oulput converter, VI-
148-144%
801-t0-1000 MHz scanner
converter, V-122
ac-to-de converters, I-1656
lixed pewer supplies, [V-395
[ull-wave, IV-120
high-impedance precision
reclifier, [-164
amaleur TV downconverter, 420 to
450 MHz, VI-44-45
amateur TV downconverter, 902 to
928 MHz, VI-40-41
analog-to-digital (see analog-to-
digital conversion}
ATV downconverter, V-125, V-126
ATV rf receiver/converter, [V-420)
BCD-to-analog, I-160
BCD-to-parallel, muitiplexed, 1-169
buck/boost, III-113
calculator-to-stopwateh, [-1563
capacitance-io-pulse width, II-126
crystal-controlled, cne-chip, V-117
current-to-frequency, IV-113
wide-range, [-164
current-to-voltage, I-162, 1-165, V-
127, VI-154, VI-155
grounded hias and sensor, 1-128
rhotodiode, 11-128
de automobile power adapter, V-70
de-to-de, IV-118, V-119, V-128, VI-
164-167
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1-to-5 V, IV-119
3-t0-5 V battery, IV-119
3-t0-26 V, III-744, TV-118
bipolar, no inductor, 11-132
fixed 3- to 15-V supply, IV-400
isolated +15V, III-115
push-pull, 400 V/60 W, 1210
regulating, [-210, I-211, 11-125,
I-121
step-up/step-down, [II-118
defac inverter, V-G69
de/de converter, V-66¢
differential voltage-to-current
converter, VI-153
digital-to-analog (see digital-to-
analog conversion)
direct-conversion 7-MHz receiver,
VI-153
driven flyback converter, VI-1560
fixed power supply, ITT-470
flyback, I-211
self oscillating, I-170, T-128,
III-748
voltage, high-efficiency, TTT-744
frequency, I-169, V-123
frequency-to-voltage (see
frequency-to-voltage conversion)
HF receive converter, VI-147
high-to-low-impedance, T-41
intermittent converter, power
saver, IV-112
IR-pulse-ta-andio converter, V-224
light intensity-to-frequency, 1-167
line-voltage-to-multimeter adapter,
V-312
logarithmic
fast-action, 1-169
temperature-corupensated, V-127
low-frequency, [11-111, ¥1-153
ohms-to-volts, [-168
oscilloscope, 1-471
output-to-current converler, VI-165
NTSG-to-RGB converter, VI-B77
perind-to-voltage, 1V-115
photadiode tog converler/
transmitter, VI-312
pico-ampere, 70 V with gain, 1-170
PIN photodiode-to-Irequency, 10-
120
polar-to-rectangular converler/
pattern generator, V-28%
polarity, [-166
positive-to-negative, [-112, [1I-113
power supplies, inductorless, V-4568
pulse height-lo-width, [I[-119
pulse train-to-sinusoid, [II-122
pulse width-tu-voltage, 11I-117
radio beacon converter, IV-495
rectangle-lo-triangle waveform, V-
116-117
regulated 15-V, - 6-V driven, [11-745
resistuncc—tovvcjtage, 1-161-162
el converters, IV-494-501
ATV receiver/eonverter, 420 MHz,
low-nwisc, IV-456, IV-407
radic beacon converter, IV-495
receiver frequency-converter
slage, 1V-409
SW converier for AM car radio,
IV-500
two-neler, [V-498
up-vonwverler, TVRO subcarrier
reception, IV-501
VLI converter, IV-497
WWV-10-SW converter, IV-459
r¢eciving converter, 220 MHz,
V500

RGB-composite video signals, [1I-

RMS-lo-de, I-167, [I-129
50-MHz thermal, III-117
RGB-1o-NTS(, IV-611
sawtooth wave converter, [V-114
scanner converter, V-800-10-1000
MHz, V-122
SCR converter, VI-151
shortwave, 111-114, V-118
simple L7, 1-548
sine-wave converter, VI-150
sine-lo-square wave, I-170, [V-120,
V-124, V-125, V-539, V-570
syuare-lo-sine wave, I1I-118
square-Lo-iriangle wave, TTL, 11-123
step-down converter, 5-V 5-A, VI-
151
syne-Lo-asyne, VI-162
Lemperature-to-digital, V-123, VI-
646
Lemperature-to-frequency, 1-168, V-
121, VI-639
Ltermperature-to-time, I[1I-632-633
transverter, V-2-to-6 meter, V-124
triangle-to-sine wave, [[-127
TTL-o-MGS logic, [1-125, I- 170
lwo-wire to four-wire audio, II-14
unipolar-to-dual voltage supply, IT1-
743
video converters
a/d and VVa, IV-610-611
RGB-to-NTSC, IV-611
VLF converters, 1-547, V-121
rf converter, IV-497
voltage (see voltage converters)
voltage multipliers, V-668-669
WWV converter, V-119, VI-147
WWV-to-8W rf converter, TV-193
cool-down circuit, V-354, V-357
coprocessor sccket debugger, TM-104
countdown timer, II-680
counters (see also dividers), 11-133-
139, III-123-130, V-129-133
analog circuit, T1-137
attendance, [I-138
binary, 1I-135
divide-by-N
1+ GHz, IV-155
1.5+ divide-ty-n, IV-156
CMOS programmable, 1-257
7490-divided-by-n, TV-154
divide-by-odd number, TV-153
event counter, VI-369
frequency counters, VI-360
2 MHz, V-130-131
10 MHz, V-132-143
preamp, V-24
frequency dividers, 1-268, [1-251,
11-254, TII-213-218, 111-340,
I11-768
1.2 GHz, 11129
10-MHz, 11-126
clock input, [V-151
decade, 1-259
divide-by-1.6, T1-218
low-cost, TIT-124
low-frequency, 11-2563
preamp, 11-128
programrnable, [V-152-163
stairease generator and, 730
tachometer and, [-310
fringe counter, VI-300
Geiger, [-536-537, V-217-219
microfarad counler, IV-275
rinimurmvinaximum selector, four-
nput, V-832



odd-number divider and, U217
preatnplitier, oscilloscope, 111-438
precision frequency; 1-253
programmable, low-power wide-
range, 111-126
ring counters
20 kHz, T-135
incandescent lamyy, 1-301
Tow-cast, [-301
low-power pulse civenit, TV-437
SCR, TM-195
variable timing, 11-134
time base, function generators, 1
Hz, IV-201
universal
10-MHe, [-265, 11-139
40-Mlz, 11127
upfdown counters
B-digit, I1-134
extreme courd freezer, 1257
XOR gate, 11-105
coupler circuits
lincar couplers
dc analog, 11-413
analog, 11-413
de, 11411
optocoupler, instrumentalion, -
417
aplical couplers/optocouplers, V-

CMOS design, 111-414
interface cirenits, V-406-407
lincar, instrumenlation, II-417
stuble, 11-408
TTL dosign, [-416
photon, 11-412
RF line sampler/coupler, VI-3(3
transmitter oscilloscope for CB-
signals, [-473
courtesy lights (see automotive
circuits)
craps game, VI-245
CRO doubler, 1iI-439
cross fader, 1I-312
cross-hateh generator, color TV, III-
724

crossover networks, 11-36
5V, 1518
ac/de lines, electronic, 1-5156
active, [-172
asymmetrical third order
Butterworth, I-173
electronic circuit for, [1-36
crowbars, I-516¢
electric, III-510
electronic, II-99
SCR. 11496
voltage regulator, variable, with
crowbar limiting, VI-515
crystal oscillators (see also
oscillators), I-180, I-183-184, 1-
195, I-198, TI-140-151, T11-1331-
144}, TV-121-128, V-134-140,
VI-156-160
1-to-20 MHz, TTL design, [V-127
I-to-4 MHz, CMOS design, IV-125
10 MHz, II-141
10-to-150 kHz, IV-125
10-t0-80 MHz, 1IV-125
50-to-150 MHz, 1V-126
96 MHz, I-179
150-t0-30,000 kHz, IV-126
330 MHz, TV-125
activity tester, V-138
amplifier, funed, VI-57
aperiodic, parallel-mode, 1-196
basic: design, V-135

- bridge, crystal-controlled, 1V-127

Butler osciltator, 1-182
calibrator, 100 kllz, I-185, 1V-124
cerarmic, 10 MHx, varactor tuned, 11-
141
clock, micropower design, 1V-122
CMOS crystal nselllators, 1187, TM1-
134
1-tn-4 MHz, 1V-125
Colpitts crystal oscillators, 1-194, 1
A72, 11 147, VI-160
1-to-20 MHz, TV-123
frequency checker, IV-301
harmonie, 1-189-190
two-frequency, 1V-127
crystal-controlled oscillator as, 11-
147
crystul-stabilized 1C timer for
subharmonic [requencies, H-151
cryslal tester, 1-178, 1-186, [[-151
die-switched, VI-154
doubler and, 1-184
casy starl-up, H1-132
FET, 1 Mllz, 11-144
I"ET guarlz erystal oscillaler, VI-
157
FET VX0, VI-157
1" capable, VI-1568
frequency adjustable, VI-159
frequency doubler, V1-160
fundamental-frequency, 111-1:532
Hartley oscilator, V-140
hex-buffer, V-136
high-frequency, 1-173, 11-148
high-frequency signal generator as,
1I-150
TC-compatible, [I-145

“impedance checker, V-136

LG for 8SB transmitter controlled
by, [[-142

low-frequency, [-184, II-146, V-135
10 kHz to 150 kHz, [I-146

low-noise, 11-145

marker generator, I1[-138

mercury cell crystal-controlled
oscillator as, II-149

QF-1 HI oscillater, international, I-
197

QF-1 LO oscillator, internaticnal, I-
189

overtone oscillators, I-176, 1177, I-
180, I-183, [-186, 11-146, III-146
50 MHz to 100 MHz, I-181
100 MHz, IV-1241
crystal, [-176, I-180, TI-146
crystal switching, 1-183
fifth-overtone, I-182
third-overtone nscillator, TV-123

Pierce oseillator, V-140
1-MHz, TIT-134
cryatal, [-195, TI-144
harmonic, [-199, TI-192
JFET, I-168
low-frequency, 111-133

quartz, two-gate, HI-136

radio detector, VI-182

reflection oscillator, crystal-
controlled, TIT-136

Schritt trigger, 1-181

signal souree controlled by, T1-143

sine-wave oscillator, 1-198

stahle low-frequency, 1-198

standard, 1 MHz, [-197

temperatiure-compensated, [-187,
M-142, TIT-137

test. cireuit, ¥-139

third-overtenes, 1-186, [V-123

Urue base, HE133, IV-128, V-137, V-

TTL design, 1-179, [V-127
TTL-compatible, [-197
transistorized, 1-18%
tube-type, [-192
LT 100-kHe calibration oscillator,
VI-167
VHF crystal oscillator, 11-138-140
voltage-controlled (VCOY, 11-135,
V-124
wide-range, V-130
crystal radio receiver, VI-549, VI-5567
crystal switching, overtone oseillulor
with, 1-183
current analyzer, aulo batlery, 1-104
curreail booster, [-30, 1-35
current colleclor head amplifier, 1-
11, 11-295
current feedback amp, 100 mA al 100
MHz, V-25
current-lirniter, V-146
foldback earrent, VI-477
inrush current, V-358
regulator, V1-478 -
currerl loops
4-10-20-1mA converler, IV-111
controller, SCR design, [V-387
currerl melers and monilors, 1-203,
[I-152-167, OI-255, 111-338, IV-
284, V-144-146, VI-259, VI-355
alarm and current monitor, 11338
ac current indicator, [V-290
current sensing in supply rails, II-
153

electrometer amplifier with
overload protection, II-155
Hall-effect sensors, [II-265, [V-284
high-gain current sensor, [V-291
line-current monitor, 111-341
picoammeter, [-202, 11-154, II-157,
1I-338
guarded input, II-156
range ammeter, six-decade, 11-153,
II-166
current probe, VI-521
current readout, rf, 1-22
eurrent regulators, op amp, ¥1-430,
VI-48% .
current sensing, supply rails, [I-153
current. sink, I-2046
1 mA for fixed power supplies, [V-
402
valtage-controlled, [V-629
current sources, 2086, 1-697, V-141-
143, VI-161-163, VI-332, VI-335
0-te-200-nA, TV-327
hilateral, I-694-695, T1-463, V-143
hipolar sources
inverting, 1-697
noninverting, 1-695
constant, I-697, M1-472
fixed power supplies
hootstrapped amp, 1IV-406
differential-input, fast-acting,
V=405
lew-current souree, TV-399
generator, VI-162
limiter, V-146
Inw-resistance measurements, V-
142
multiple fixed current source, VI-
164
negative, V-143
offset-adjusting, V-145
positive, V-142
precision, 1-208, 1206
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cirrent sources, continued
regulator, variable power supply,
111-190
variable power supplies, voltage-
programmable, IV-420
voltage-controlled, 111-468, VI-162,
VI-163
current-limiting regulator, V-458
cwrrent-shunt amplifiers, III-21
cwrrent-to-frequency converter, V-
113
wide range, I-164
current-to-voltage amplifier, high-
speed, [-35
current-to-voltage converter, I-162, I-
166, V-127, VI-154, VI-160
grounded hias and sensor in, [[-126
photodiode, 11-128
curve tracer, V-300
diedes, IV-274
FET, I-397
CW-related circuits
audio filter, VI-2%, VI-405
{W/SSB receiver, 80- and 40-meter,
V-199
filter, razor sharp, [[-219
identifier, V1-24, VI-408
keying circuits, IV-244
offset indicator, [V-213
SSB/CW product, detector, TV-139
transceiver, i W, 80-meter, IV-602
transmitters
1-W, I-678
6-W 40-M, VI-664
20-M low-power, V-649
40-M, TIT-684, V-648
B02-MHz, TTT-686
HF low- power, TV-601
keying circuit, VI-22-23
ane-watt, VI.27
QRP, 111-69
ultrasonic transceiver, VI-669
cyclic A/ converter, 11-30

D

dark-activated (see light-controlled
circuits)

darkreoom equipment (see
photography -related circuits)

Darlington amplifier, push-pull, ¥-23

Darlington regulator, variabie power
supplies, 1V-421

Darlingron transistor oscillator, V1-
435

data-manipulation circuits, 1V-129-
133

acquisition circuits, IV-131, VI-478
CMOS syslem, [I-117
four-channel, 1-421
high-speed system, 1I-118

analog-signal transmission isolalor,

1v-133
link, IR type, I-341
prescaler, low-frequency, 1V-132
read-lype circuil, 5 MHz, phase-
cneoded, 11-365

receiver, carrier-current circuit
design, [V-93

receiver/message demuxzer, three-
wire, [V-130

selector, R5-232, [1I-97

separator, floppy disk, 1I-122

transmission circuits, IV-92

de adapter/transceiver, hand-held,
111-461
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de generators, high-voltage, 111-481
de motors (see niso motor control
circuits)
direction control, [-452
driver controls
fiberoptic control, II-206
fixed speed, III-387
servo, bipolar, [I-385
reversible, [[-381, 111-388
speed control, [-4562, I-454, [1I-377,
111-380, 111-388
de restorer, video, [II-723
de servo drive, bipolar control input,
11-385
de static switeh, [[-367
de-to-ac inverter, V-247, V-669
de-to-de conversion, IV-118, V-669,
VI-164-167
1-to-b V, [V-119
3-to-B V battery, [V-110
3-t0-25 V, 11744, IV-118
3.3- and 5-V outputs, V-128
3 A, no heatsink, V-119
bipoler, no inductoer, [[-132
fixed 8- to 15-V supply, [V-400
isolated, VI-1656
isolated +15V, III-115
negative step-up converter, VI-166
push-pull, 400 V/60 W, [-210
regulating, [-210, I-21 1, 1I-125, III-
121
step-up/atep-down, [I-118
ltra low-power for personal
communications, VI-166
de-to-de inverter, VI-280
de-to-de SMPS variable power
supply, 11-480
dehouncers, TTT-592, TV-105, V-316,
VI-387, VI-A13, VI-614
auto-repeat, IV-1068
computer applications, 1V-105, Tv-
106, TV-108
flip-flop, IV-108
debugger, coprocessor sockets, TT-
104
decibel level datector, audic, with
meter driver, 1-154
decoders, 11-162, 1T1-141-145, VI-168-
171
10.8 MHz FSK, [-214
24-percent bandwlidth tone, 1-215
30D decoder/driver, multiplexed,
VI-189
directlion detector, 11-144
DTMF decoder, VI-169
dual-long, [-215
cncoder and, [I1-144
F'M steree decoder, VI-170
frequency division mullipicx stereo,
1I-169
PAL/NTSC, with RGB inpul, 11-717
radio control receiver, 1-574
SCA. [-214, III-166, III-170
second-audio program adapler, 11-
42

sound-actlivaled, 111-145

stereo TV, II-167

time division multiplex stereo, O-
168

tone alert, [-213

tone dial, I-630, I-631

tone decoders, 1-231, [II-143, VI-170
24% bandwidth, [-215
dual time constant, 1I-166
relay output, 1-213
tone-dial decoder, 1-630, [-631

video, NTSC-10-RGB, IV-613
video line decoders, VI-171
weather-alert detector/decedcer, IV-
140
deglitcher circuit, IV-109, V-336-337
delay circuits/ delay units, II-146-
148, V-147-148, VI-172-173
adjuslable, I11-148
analog delay line, ceho and reverb
cffeels, IV-21
deor chimes, I-218
echo and reverb cffects, analog
delay line, I¥-21
exit delay for burglar alarns, V-10
headlights, [-107, [I-59
leading-edge, 1I[-147
long duration time, [-217, 1220
power-on delay, V-148
precision solid state, I-664
pulse, dual-edge trigger, 111-147
_pulse generater, [[-509
relay, ultra-precise long time, 11211
timed delay, 1-668, [I-220
time-delay generator, VI-173
constant-current charging, 11-668
windshield wiper delay, I-97, 1I-65
demodulators, 1-158-160, 111-149-150
5V FM, [-233
12V FM, 1-233
565 SCA, III-150
AM demodulator, II-160
chroma, with RGB matrix, III-716
M demodulator, [-544, 1I-161, V-
151, V-156
narrow-band, carrier detect,
11-159
linear variable differential
transformer driver, [-403
LVDT demodulators, II-337, 111-323-
324
steren, T1-159
telemnetry, 1-229
demonstration comparator circuit, I1-
109
demultiplexers (see also
multiplexers}, I11-394
differential, [-425
eight-channel, [-426, TT-115
descramblers, 11-162
gated pulse, M1-166
outhand, T1-164
sine wave, [[-163
derived center-channel stereo
system, 1V-23
detect-and-hoid circuit, peak, 1-685
detectors (see Huid and moisture;
light-controlled circuits; motion
-and proximity; motor control
circuits; peak detectors; smoke
deleclors; speed controllers;
lermperalure-related circuits;
Lone controls; zero-crossing)
devialion meter, IV-303
dial pulse indicalor, Lelephone, 11-

dialers, telephone
pulse-dialing telephone, 11-610
pulse/one, single-chip, 11-603
Lelephone-line powered repertory,
1633
tene-dialing Lelephone, 11-607
dice, clectronte, 1325, D1-245, 1V-307
differential amplificrs, 1538, 111-14, V-
18, V-21, VI-185-287
high-impedance, 1-47, 1-:354
high-input high-impcdance, 11-19



instrurnentition, [-347, 111-28:3
instrurnentation, biomedical, [II-282
oscilloscopes, VI-46:3
programehble gain, 1-507
two op wnp bridge type, 11-83
wide input corunon-mode range,
V153
differential analog switch, 622
differential capacitance measurcioent
circuit, [1-665
differential held, [-589, 11-3656
differential multiplexers
demultipiexer/, [425
wicle band, 1-428
differential theriometer, 1661, 111-
638
differential voltage or current alarm,
I3
differentistors, 1-423, V-347
negative-edge, 1-419
pasitive-edge, 11420
digital-capacitance meter, [1-94
digital-1C, tone probe for testing, 11-
Ho4
digital-frequency meter, TH-344
digital-logic probe, 111-497
digital andio tape (DAT), ditherizing
circuit, 1V-23
digital circuits, V-156-160
audio selector, V-158
RBCD rotary switch, V-160
capacitance control, V- 159
entry lock, V-157
inverters, V-24A
potentiometer control, V-158
resistance control, V-159
digital multimeter (DMM), [V-291, V-
2
digital veltmeters (DVM), [11-4
3.5-digit, I. 713, II1-761
3.75-digit, [-711
4.5-digit, 1-717, 111-760
auto-calibeate circuit, 1-714
automatic rnulling, 1-712
calibrated circuit, DVM aulo, 1-714
interface and termperalure sensor,
11-647
LED readour, 1V-286
digilal-1o-analog converlers, 1-241, 11-
179-181, I1-163-1649, V-120
_D-Lo -8Y oulpul, resistor
lerminated, [-239
3-digit, BCD, 1-239
8-bil, [-240-241
high-speed, I-240
output current to veltage, 1-243
te 12-bit, two, II-180
9-bit, CMOS, II-167
10-bit, [-238
4-quad, offset binary coding,
multiplying, I-241
+10V full scale bipolar, 1-242
+10V fuil scale unipolar, 1-244
12-bit
binary twe's complement, II-166
DAC, VI-149
precision, 1-242
variable step size, II-181
14-bit binary, [-237
16-bit binary, [-243
fast voltage output, I-238
high-speed valtage ouiput, 1-244
multiplying, II-168
actal converter, V=340
cutpul amplifier, four-channel, 1T
165

video converter, [V-610-611
digitizer, tilt meter, 111-G44-646
dimmer switches, I-368, [1-309, IV-

247, IV-240, VI-377

800 W, 11-309

de lamp, 11-307

four-quadrant, IV-248-24¢

halogen larnps, IH-300

headlight, II-57, 0-63

low-cosl, [-373

soft-start, 800-W, 1-376, [1I-304

landem, 11-312

triac, 1-375, 11-310, [II-303
diode emiller driver, pulsed infrared,

11-292
diode Lesler, [-402, 11-343, 11I-402
gomo-go, [-401

zener diodes, 1-406
diode-matching circuit, [V-280
dip meters, 1-247, [[-182-183

basgic grid, 1-247

dual gale IGFET, [-246

little dipper, 11-183

varicap luned FIT, [-246
diplexer/nixer, 1V-335
dircetion detectors/finders, TV-146-

149
CONPASSEs
digital doesign, 1V-147
Ladl effect, 1H1-258
talking Hall effeet, V-221
decoder, 11-144
directional-signals menitor, aute,
111-48%
oplical dircetion diseriminator, V-

Lhermally operaled, 1V-135
radio-signal direction finder, IV-
143-14%
direclion-of-rolation circuit, HI-335
direclional-signals monitor, auto, 111-
48

disce strobe light, 11-610
discrete current booster, [[-30
discrete sequence oscillator, [11-421
diseriminators
multiple-aperture, window, 111-781
pulse amplitude, I11-356
pulse width, II-227
window, III-776-781
display circuits, [1-184-188, I11-170-
171, V-161-167, VI-188-195
374 digit DVM common anode, II-
713
0 dB dot mode, II-2562
audic, LED bar peak program
meter, [[-254
bar-graph indicater, ac signals, IT-
18T
bar-graph level gange, VI-192
bar graph room temperature, VI-
611
BCD decoder/driver, multiplexed,
VI-188
hrightness control, I[1[-316
rascaded counter/display driver, V-
163
eolor organ, VI-193
color shifting LED display, VI-189
common cathode, 4033-based, V-
162
commaon-anode, V187
compatator and, 11-105
contrast-and backlight control,
high-efficiency, V1-191
oxcliation poind, 11-254

expanded scale meter, dot, or bar,
I-186
fluorescent tube, V-167
gas-discharge tube, V-167
T-segment, V-160
contrast temperature
compensator, VI-195
large-size, V-164
LED
T-segment, V-166
audio, peak program meter, 11-254
bargraph driver, VI-195
Christmas lights, VI-225
common-cathode, V-167
driver, II-188
leading-zere suppressed, V-165
two-variable, ITI-171
oscilloscope, eight-channel voltage,
11-435
stereo level display, VI-190
voice level meter, VI-194
dissolver, lamp, solid-state, II[-304
distribution circuits, 1I-35
distribution amplifiers
audie, 1-39, 1I-39, V-59
signal, 1-39
ditherizer, VI-37T
dividers, IV-150-156
binary chain, [-258
divide-by-2-or-3 circuit, IV-154
divide-by-N
1+ GHe, IV-155
1.5+ divide-by-n, IV-156
CMOS programmable, [-2567
7490-divided-by-n, IV-154
divide-by-odd number, 1V-153
frequency dividers, I-258, 11-251, II-
264, [I[-213-218, III-340, 111-768,
V-343
1.2 GHz, IlI-129
10-MHz, 111-126
clock input, IV-161
decade, [-269
divide-by-1.b, III-216
low-cost, {I[-124
low-frequency, II-203
preamp, ilI-128
programmable, [V-152-153 -
staircase generator and. 1-730
tachometer and, I-310
mathematical, one trim, 111-326
multiplier/divider, ene-quadrant,
V1318
multiplier/divider, variahle analog,
V1-322
odd-number counter and, 111-217
pulse, non-integer prograrunable,
I-h11, IM-226
Dolby noise reduction circuits, H1-
399, V1421
decode mode, 111-401
encode maode, 111-400
doorbells/chimes (see annucialors)
door-open alarm, 11-284, [11-46, [II-
256
door opener, (1366
door rminder securily cireuit, V-5
dot-expanded scale meter, 11-186
double-sideband suppressed-carricr
modulator, 11-377
rl, 11-366
doublers
0+to 1 MHz, [I-252
150 {0 300 MHz, I-314
audio-frequency deubler, IV-16-17
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doublers, covtirmuend

broadband frequency, [-313

CRO, oscilloscope, [11-439

crystal oscillator, [-184

EEPROM programming doubler
cirenil, VI-138

frequency, 1-313, 11-215, VI-369, VI-
160

broadband, [-313
digilal, I1-216
GASFET design, IV-324
single-chip, [II-218
low-frequency, [-314
voltage doublers, [II-45G, [V-835
cascaded, Cockeroft-Walton,
IV-635
triac-controlied, III-468
downbeat-emphasized metronomse,
1-353-354
downconverter, ATV, VI-40-41, VI-
44-45
drivers and drive circuits, I-260, II-
"189-193, 111-172-175, IV-157- 160,
VI-196-202
50 chm, [-262
alaym driver, high-power, V-2
bar-graph driver
LED, 1i-188
lransistorized, IV-213
BCD decoder/driver, multiplexed,
VI-189
BIFET cable, [-264
bridge loads, audio circuits, III-30
cable driver, VI-678
capacitive load, [-263
Christmas lights driver, IV-264
coaxial cable, I-266, I-660, VI-201
five-transistor pulse boost, 1I-191
coil, current-limiting, I1-173
CRT deflection yoke, [-265
demodulator, linear variable
differential transformer, [-403
diode-cmitter driver, 11-292
FET driver, IV-241
fiberoptic, 50-Mb/s, 111-178
flash slave, 1-483
glow-plug, H-62
high-impcdance meter, I-266
high-impcdance relay driver, VI-57()
indicalor lamnp driver, [11-413
instrumentlation meter, [[-296
larnp drivers, 1-380
flip-flop independent design,
V-160
low-frequency flasher/relay, I-300
optical coupling, 111-413
neon lamps, [-379
shert-circuit-proof, II-310
laser driver
high speed, I-263
[C-based, VI-296
op-amp circuit, VI-295
pulsed double-heterosiructure
laser, VI-296
single heterostructure dicde,
VI-2490
lalching relay driver, VI-571
LED drivers
bar graph, 11-188, VI-195
emiller/follower, IV-159
line drivers, -262
50-phm (ransmission, 11-192
600-ohm balanced, 1I-192
audio, V-54
impedance-matched with 70
Gk load, VI-197
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low-distortion composite 100mA,
VI-200
line-synchronized, II1-174
load drivers
audio, I1I-30
timing threshold, 11I-648
LVDT demodulator and, [1-337, TTT-
323-324
meter drivers, II-296
rf ampiifier, [-MHz, TIT-547
microprocessor triac array, I1-410
MOSFET driver
current, booster, VI-368
high-gide, VI-199
motor drivers (see motor control,
drivers)
muitiplexer, high-speed ling, [-264
neon lamp, [-379, VI-198
op amp power driver, IV.158-159
optoisolated, high-voltage, H1-482
piezoelectric driver, V-440, VI-470
655 oacillator, V-411
CMOS, V-440
micropositioner, V-440
full rail excursions in, 11-180
high-ontput 600-ohim, 11-193
synchronized, TTT-174
video amplifier, IT-710
power driver, op amp, TV-158-154
pulae echa driver, VI-380
pulsed infrared diode emitter, 11-
262
relay, [-264
delay and controls closure time,
11530
low-frequency, T-300
with strobe, I-266
RIAA line amplifier/driver, VI-77
rf drivers, low-distartion, 11-538
RS-2320, low-power, TTT-175
shield/line driver, high-speed, VI-
198
shift register, I-418
aolenoid, T-2656, TTT-671-673, VI-202
B5B, low-distartion 1.6 to 30 MHx,
11-538
stepping motor, IT-376, TTT-390, TV-
349, Iv-350
stereo line driver, VI-198
test driver far hobhy servos, VI-197
three-phase motor driver, 11383
totern-pole, with hootstrapping, 11-
175
transformer driver, I-403
transistor relay driver, V1-571
triac array dviver, [1-410
twisted-pair video driver/receiver
cirenit, VI-682
two-input video MIIX cable deiver,
VI-197
two-phase motor driver, 1-456, 11-
342
ultra low distortion 50-mA driver,
VI-201
VGO driver, op-amp design, [V 362
-video driver, VI-683
video cable driver, VI-200
drop-voltage recovery for long-line
systemas, TV-328
drum sound effect, 11-591
DTMEF decoder, VI- 168
dual-tone decoding, TT-620
dnal-tracking regulator, 17-462
duplex line amplifier, telephone, 11-
616
dnty-cyele related circuits

£56 circnit, VI-446
detectar, [V-144
meter, TV-275
monitor, TI-32%
multivibrator, H0-percent, 11-584
oscillators, VI-438, V1-446
H-percent, 11-426
variahle, fixed-frequency, 111422
VM adapter for PC, V-310
dwell meters
breaker point, 1-102
digital, 11-45

E

ear protector, V-482
eavesdropper, telephone, wircless,
T1-620
FOCG ampliliers with right leg drive,
VI-364
echo effect, analog delay line, [V-21
edge detector, 11266, 1167
EEFROM pulse generator, 5V-
powered, 111-99
EKG simulator, three-chip, 111350
elapsed-time timer, [1-680
electric-fence charger, 11-202
electric-vehicle hattery saver, [II-67
electrolytic-capacitor reforming
circuit, IV-276
etectromagnetic-field sensor, V-308
electrometer, [V-277
amplifier, overload protected, 11-155
electroscope, V5141
ion-sensing, VI-287
electrostatic detector, 11-337
ELF monitor, VI-336
emergency lights, 1-308, 1-378, 1V-250
emissions analyzer, automelive
exhaust, [1-51
emitter follower circuit,
complermentary/bilateral ac, V-
353
emulators, 11-195-200
capacitance mutltiplier, 1I-200
JFET ac conpled integrator, 11-200
resistor multiplier, [[-189
simulated indoctor, 11-199
encoders
decoder and, I1-14
felephone handset tone dial, 1-634,
Ti-613
tone encoders, 167, 1-629
two wire, [1-364
twi-tone, V-629
enlarger timer, 11-446, [11-445
envelope detectors, L1-1585
AM signals, 1v-142
full-wave, V-152
low-level diodes, 1V-141
envelope generator/modulalor,
musical, IV-22
EPROM, Vpp generator for, [1-114
equalizers, [-671, [V-18
octave equalizer, V3564
ten-hand, graphie, active filter in, 11-
H84

ten-band, octiuve, 11-658

virleo equalizers, VI-681
equipment-on reminder, 1-141
error checker, master/slave device,

VI-389

event counter, V12369
exhaust emissions analyzer, 11-51
exit delay lor burglar alarins, V-10
expanded-scale melers



analog, I11-774
dot or bar, 1I-186
expander circiits (see
compressor/expander circuits)
experimenter’s power source, VI-H07,
VI-G611
extended-play circuit, tape-
recorders, III-600)
extractor, square-wave pulse, II1-
084

F

565 timer circuits (see also timers)
alarm based on 5556 timer, V-11
astable, low-duty cycle, [I-267
beep transformer, I[II-566
dual flasher, V1-225
duty cycle oscillator, VI-446
FM modulater, V-367
integrator to multiply, 11-669
missing-pulse detector, V-152
monostable multivibrator, VI-700
output indicator, LED, VI-260
ramp generater, V-203
RC audio oscillator from, II-BGT
square wave generator using, II-595

fader cireuits, [I-42, 11-312, IV-17, V-
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fail-safe semiconductor alarm, III-6

fans
infrared heat-controlled fan, IV-226
speed controller, automatic, I11-382
thermostatic switch, V-88

Fahrenheit thermometer, [-6568

fault monitor, single-supply, II1-455

fax circuits, V-171-i73
modem/fax protector for two
computers, V-482
fax/telephone switch, remaote-
controlied, IV-652-6563

feedback ascillater, I-67

fence chargers, 11-201-203
battery-powered, II-202
electric, [[-202
solid-state, II-203

FET circuits
amplifier, offset gate bias, V-22
crystal oscillators, VI-157
de controlled switch, V-592
hexFET switch, V-592, V-083
dual-trace-scope switch, [[-432
input amplifier, II-7
microphone mixer, V-363, V-3641
preamp for phono cartridge, VI-79
probe, II-G01
voltmeter, TT-705, TT-770

fiheroptics, 11-204-207, T-176-181,

VI-206-207
data receiver, VI-207
data transmitter, VI-207
driver, LED, 50-Mb/s, 111-178
interface for, T1-207
LED lightwave comrmunications
receiver, VI-310
LED lightwave communications
transmitter, VI-309
link, 1-268, 1-269, [-270, TTT-179
maotor control, de, T1-206
receivers
10 MHz, 1I-205
50-Mbs, TII-181
digital, TI-178
high-sensitivity, T-270
low-cost, 100-M baud rate, IT1-180
low-sensitivity, [-271

very-high-sensitivity, low-
speed, 3nW, I-269
repeater, I-270
speed control, II-206
transmitter, III-177
field disturbance sensor/alarm, [[-HO7
field-strength meters, [1-208-212, TII-
182-183, [V-164-1066, V-171-176
1.5-100 MHz, I-275
adjustable sensitivity indicator, I-
274
armplified field, V-175
high-sensitivity, [[-211
LF or HF, I1-212
nicrowave, low-cost, [-273
remote, V-175H
1f sniffer, [I-210
sensitive, 1-274, TI-183
signal-strength meter, TV-166

simple design, three versions, V-176

transmission indicator, 11-211
tuned, T-276
UHF fields, V-166
intuned, [-276
filter circuits, [[-213-224, T-184-152,
W-167-177, V-177-191, VI-208-
222
active {see active filters)
analog, programmable, VI-215
antialiasing/synic-compensation, TV-
173
andio filters
biquad, 1-202-203, TII- 185
tunable, IV-169
andio range filter, V-150
handpass (see bandpass filters)
handpass amplifier, VI-H4
hand-reject, active, 11-401
hignad, -292-293
adio, 1-292-293, M1-185
R{ active bandpass, 1-28p, V-180
hridge filter, twin-T, programmable,
m-221
BPutterwnrth
active, VI-220
fourth-order, 1-kHz, V1-222
high-pass, fourth-order, I-280,
V-174
low-pass, fourth-order, V-180,
V-181
Chehyshev (sse Chebyshev filters)
comb filter, digital, VI-218
rombination filter, VI-212
CW filter, 11-219, VI-24, V1-105
dynamic: filter, IM-190
four-putput filter, V<182
full wave rectifier and averaging, [-
229, V-191
high-pass (see high-pass filters)
highpass araplilier, V1-49
I1F [llters
narrow-band, V-18%
shortwave receiver, VI-213
L Tlilters, V-181
low-pass (see low-pass [ilters)
lowpass amplifier, V[-49
LI filter, active, V1215
networks of, 1291
nuise, dynamic, H1-140
noisy signals, H1-188
noleh liers, 2843, 11-197-203, {I-
402-404
4.5 MHz, 1-282
550 1z, 11-349
1800 1z, [1-398
aclive band reject, [1-401

adjustable Q, TI-398, V-179
adio, [1-400
handpass and, 11-223
high-Q, T-404, V-178, VI-213,
VI-217, VI-220
R{, VI-221
selectable bandwidth, 1-281
three-amplifier design, -281
tunahle, 1-399, [1-402, V-179
passive-bridgerd differentiator,
11-403
hun-suppressing, 1-280¢
op amp, T1-400
twin T noteh for 1 kHz, V-183
twin-T, TIT-403
shortwave receivers, V-185
Wien hridge, T-402
passive L filters, V-181
passive T filters, V-181
passive T filters, V-190
Ti filters, V-181
TN diode filter selection circuits,
VI-213
programmable, twin-T bridge, 11-221
rejection, 1-283 -
ripple suppressor, IV-175, TV-396
mrible, II-192, IT-660, TV-175
LM387 in, I-297
nrmtable, TV-170
rimble/serateh, T-660
Sallen-Key filtars
10 kHz, 1-279
500 Hz handpass, [-291
current-driven, V-1589
high-pass, VI-209
low-pass, active, TV-177, VI-221
low-pass, equal component,
T-202
saw-filter impedance-ratching
preamp, VI-222
serateh filters, 11-189, [11-660, TV-
175
LM287 in, [-287
second-order voltage-controlled,
VI-211
shortwave AM broadeast trap, VI-
214
shortwave interference trap, VI-214
simulated inductor, V-180 B
speech filters
handpass, 300 Hz 3 kHz, T-285
second-order, 300:t0-3,400 Hz,
W-174
two-section, 300-t0-3,000 Hz,
V-174
speech-range filter, bandpass, V-
185
state-variable lilters, [1-215, 111-184,
VI-209, V1-216
raultipie outputs, 11-190
second-order, 1 kHe, Q/10, 1-293
universal, 1-290
T filters, V-190
tone fitter, V-1 kHz, V-191
turho, glitch free, 111-186
twin-T bridge filter, 11-227
Wien-bridge, [11-659
variable @ [lter, ¥-183
variable-lrequency bandpass lilter,
V-186
variable-stale, universal, V-178
voltage-controlled filters, [1-187,
IV-176, VI-211
V5B [iller for LM 2880, VI-219
First-Response game, VI-247, VI-E50,
VI-2b2, VI-253
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fish lure, electronic, V1386
fixed power suppties, 111-457-477, 1V-
3G0-408
12-VDC battery-operated 120-VAC,
T-464
+24V, 1.h A supply o +12 V
source, IV-401
= 30V ac, TV-308
= ALV, B A, mohile, 1V-407
15 Visolated to 2,500 V supply, IV-
407
ac motors, [V-395
automotive battery supply, +15 'V
and 5V, IV-391
“auxiliary supply, V-394
bias/relerence applications,
auxiliary negative de supptly, IvV-
404
bilateral current source, [I1-469
bridge rectifier, IV-398
charge pool, [11-469
charge pump, regulated, IV-396
constant-current source, safe, Il
473
converter, I11-470
6V-to-isolated 5V at 20MA, II1-474
ac-to-de, [V-395
de-to-de, 3-to-16 V, IV-400
current sink, 1 m4, TV-402
current sources, TV-399, TV-405, TV

de adapter/transceaiver, hand-held,
I1I-461
dual-tracking regulator, 111-462
GASFET power supply, 1V-405
general-purpose, 111-465
inverter, 12 V input, 1V-395
isolated feedback, 111-460
L.CD display power supply, 1V-3492,
TV-403
linear regulator, low-cosl, low-
dropeut, H1-459
low-current seurce, IV-398
“low-power inverter, 11-466
negative rail, GET, with CMOS
gates, IV-408
negative supply from +12 V spurce,
V-401
negative voltage [rom posilive
supply, IV-397
output stabilizer, IV-393
portahle-radio 3 'V power supply,
TV-397
positive and negalive voltage power
supplies, 1V-402
pnp regulatoer, zener increases
voltage output, 11-484
progranunable, 111-467
rectiliers, 11-471, [V-308
regulated supplics, 11-462, 111-463,
V-401
ripple suppressor, [IV-398
RTTY muachine current supply, IV-
400
stabilizer, CMOS diode network, TV-
406
switching supplies, HI-468, 111473,
TV-403, [V-404, 1V-408
three-rail, LI1-466
uninterruplible +5V, IM-477
voltage doubler, IT1-459, [11-468
voltage regulators (see voltage
regulators)
voltage-controlled current source/
grounded source/oad, 111-468
fixed-lrequency generator, I11-231
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flame ignitor, 111-362
flame monitor, HI-313
flash/flashbulb circuita (see
photography-related circuits)
flashers and blinkers (se# also light-
controlled circuits; photography-
related circuits), [-304, T1-225,
I-193-210, IV-178-183, V-192-
157, V1-223-227
1.5 V, minimum power, 1-308
1 kW flip-flop, 11-2341
1A lamp, [-306
2 kW, photoelectric control in, T1-
232

3V, [-306

ac, i[I-196

alternating, 1-307, 11-227

astable multivibrator, [I1-196

guto, [-299

automatic safety, 15302

automotive turn signal, sequential,
1-109

bar display with alarn, 1-262

barricacle, 1-294

boat, 1-294

brake light Nasher, V-69

Christinas tree light flasher, V-197,

4-465

CMOS, I11-199
de, adjustable on/olf timer, I-305
dual flasher for 665 cireuits, VI1-225
dual LED CMOS, 1-302
electromic, 11-228
cmergency lantern, 1-308
fast-action, [-308
flash light, 60-W, I1I-200
flicker light, IV-183
flip-flop, 1-299
four-parallel LED, I-307
headlight flasher, V-73
high-efficiency parailel cirenit, I-308
high-voltage, safe, I-307
high-power battery operaterl, 1224
incandescent bulh, I-306, T11-198
lamp pulser, VI-227
LED flashers, IV-181, V-1%5, V-196
2- to 10-LED, V-196, VI-226,
v1-227
alternating, ITT-198, 111-200
Christmas tree lights, V-197,
VI-225
eentrol circnit, [V-183
dark-activated, V-195
driver, V-194
light-switched, VI-301
multivibrator design, 1¥-182
puiser, VI-226
PUT used in, iT-239
ring-around, [1{-194
sequential, reversible-direction,
IV-182
strobe, V1224
three-year, 111-194
UJT used in, 11-231
low-current consumption, 11-231
low-voltage, I-300, [1-226
minjature transistorized, 11-227
minimunt-component, 111-201
model railroad crossing flasher, V1-
395
motoreycle brake light flasher, Vi-
12
neon flashers, [-303, VI-225
five-lamp, II1-198
two-state nscillator, 111-200
tube, 1-304

ascillalor/llashers
high-drive, 11-235
tow-frequency, 11-234
photographic flashes
slave-llash Lrigger, SCR design,
V=380, IV-482
time-delay Hash trigger, [V-380
relay driver, low-frequency lamp, [-
300
running lightls, V-26%
SCR (lashers, 1-230, TT-1497
chasoer, I-197
relaxation, I-230
ring counler, 111-195
sequencer, V-263, V-264-265
sequential, [1-233, [1-238, 1V-181, V-
193
pscudorandom simulated, [V-179
signal alarm, V-197
single-lamp, I1I-196
strobe alarm, IV-180
telephone, 11-629, IV-556, TV-5i58,
IV-B659, IV-561
transistorized, I-30:3, 11-236, TI1-200
variable, I-308
xenon light, IV-180
flashlight, rechargeable LET; light, Vi-
107

flashlight finder, 1-300
flex switch, alarm sounder circuit, V-
15
flip-flops (see bistable multivibrators)
flocd alarm, 1-390, 111-206, [V-188
flow-detectors, 11-240-242, 111-202-
203
air, 11-242
liquicls, 11-248, 111-202-203
low-rute Lhertoal, 1-203
thermally bascd anememeter, [I-
241
MNuid and moisture detectors, 1-398, I-
390, 1-442, 11-243-248, 111-204-
210, 1V-184-191, V-373-375
acid rain imonilor, I[-245, V-371
alarm, waler-aclivated, V-374
checker, 111-209
coutrol, 1-388, [I-206
cryogenie fluid-level sensor, I-386
dual, 11-207
Bood alarm, 1I1-206, IV-188, V-374
Now-of liquid, 11-248, II[-202-203
Tull-bathlyb indicator, IV-187
lull-cup detector for the bling, 1V-
1849
humidity, [[-285-287, 11-266-267,
VI-255-257
hydrophone, VI-378
indicator, 1I-244
lewel of liquid, I-107, [-235, 1-387, I-
388, [-380, -390, 11-174, I1-244, TI-
246, JII-205, T11-206, I1-207,
-209, HI-210, TV-186, 1¥-190,
1v-181
mwisture detector, 1-442, [V-188, V-
475
wonitor, 11-210
plant waler, J1-245, 11-248, II1-208
puinp controller, single-chip, II-

ruin alarm, [1-244, {V-189

sensor and control, [1-246

soil moisture, 11-245, [[-248, III-208

Letnperalure monitor, 11-643, 111-
206

waler-leak alarm, [V-190

windshield-washer level, I-107



fluorescent lamps
high-voltage power supplies, cold-
cathode design, TV-411
inverter, 8-W,TI1-306
vacuum, fluorescent display, T-185
flyhack converters, 1-211
self oscillating, 1-170, [1-128, T11-748
voltage, high-efficiency, III-744
flyback power supply, VI-531
flyhack regulator, off-line, I1-481
FM-related circuits (see aiso radio/
rf cirenits)
avy, 1
12V, [-233
antenna hooster, fiunable, VI-65
antenna for automobile radio, VI-

bug, VI-662
clock radio, AM/FM, 1-543
decoder, VI-170
demadulators, 1-544, 11-154, 11-161,
V-151
I"M-modulated oscillator, V1-44Y4
IPM/AM receiver, V1-541
high (requency oscillator, Vi-456
1" amplifier with quadrature
derector, TV scand 117, 1-690
infrared M audio reception, ¥V1-268
generators, low-lrequency, HI-228
modulators, V-366
a585-hascd cireuil, V-367
NB FM audio amplificr, V1-74
radio, |-b45
receivers
27.145 MHz, V495
carrier-current circuil, [-80
light-beam, V-259
MPX/SCA receiver, HI-530
narrow-band, Iil-532
optical receiver/transmitter, 50
kHz, [-361
Zero center indicator, [-338
SCA subcarrier adapter, V-536
scanner noise squelch, VI-079
snooper, [1I-680
speakers, remote, carrier-current
system, [-140
squelch circuit for AM, 1-547
stereo demodulation system, [-544
transmitters, [-681, V-641
27.125-MHz NBFM, V-637
49-MHz, V-643
infrared, voice-modulated pulse,
[v-228
light-beam, V-259
multiplex, III-688
ore-transistor, [II-687
optical, 1367, T-417
optical recelver/transmitter,
50 kHz, [-361
-raclio, V-648
snooper, TIT-680
steren, V-H7H, V-580, VI-662
voice, [TI-678
tuner, 1231, T-529
wireless micraphone, IT-682, TIT-
685, TIT-691
FM/AM clock radio, 1-543
fog-light cantroller, autnmotive, TV-h9
foldback current, HV regulator
limiting, I1-478
foltowers, TT1-211-212
inverting, high-frequency, IMI-212
noninverting, high-frequency, 11-
212
soures, photodiode, (11-419

unity gain, [-27
voltage, T1T-212
forward-current boostar, 11-17
free-running multivibrators, [1-483
100 kHz, 1-465
programmable-trequency, TT-235
frea-tunning oscillators, 1-631
square wave, [-615
freezer, voltage, I11-763
freezer-meltdown alarm, I-13
frequency comparators, I1-109, TTT-88
LED,TT-110
VCO and input, VI-353
frequency control, telephone, T1-623
frequency converter, 1-159
leaquency counters, 111-340, 111768,
1v-300, V-128-133, V1-360
1.2 GHe, [11-129
2 MHz, V-130-131
10-Milz, 11-126, V-132-1:33
100 MHz, period and, 11-136
low-cost, 1il-124
preaup, Hi-128, v-24
precision, 1-2583
tachometer and, 1-310
frequerncy detectors, 1-177, 111-1568,
VI-180
beat indicator, 1336
boundary detector, 111-156
cormparalor, [11-88
digilal, 111-158
limit,, frequency limit, 11-177
window, frequency window, I1-777
frequency dividers, 1-268, 11-251, 11-
254, HI-213-218, HI-340, I1-768,
V344
1.2 GHz, IlI-129
10-MHz, 11}-126
10-MHz frequency standard, VI-341
clock input, IV-151
decade, [-259
divide-by-1.5, llI-216
low-cost, [I[-124
low-frequency, 11-253
preamp, UI-128
prograrmunable, [V-152-1563
staircase generator and, I-730
tachometer and, I-310
frequency-division multiplex stereo
decoder, I[I-169
frequency doublers, 1-313, 111-215, VI-
369

breadband, 1-313
digital, III-216
GASFET design, IV-324
low-frequency, I-314
single-chip, [II-218
to 1 MHz, [-252
frequency generators, fixed-
frequency, 11-231
frequency indicator, beat, 1-336
frequency inverter, I11-297
frequency meters; 1-310, [1-2489-250,
IV-282, [V-301, VI-335
analog, V-307
andio-frequency meter, V-300, V-320
andio, I-311
linear, I-310
low-cost, TT-250
npower, [T-260
frequency multipliers, TT-251, TM1-213-
218, V-T198-19%, ¥1-388
counter, odd-number, TM-217
doublers, T-313, MT-215
broadband, 1-313
digital, [11-216

GASFET design, 1V-324
single-chip, 111-218
low-Trequency, 15314
ti 1 MHz, 11-252
pulse-width, [I1-214
tripler, nonselective, 11-252
frequency-houndary detector, 111-156
frequency oscillator, tunable, TT-425
frequency probe, VI-H24
frequency-ratio monitoring circuit,
TY-202
trequency shift key (FSK)
coramunications
data receiver, 111-533
decoder, 10.8 MHz, 1-214
generator, low-cost design, H1-227
keying circuits, 1V-245
frequency standard, VI-10-MIz, VI-
361

[requency synthesizer, progranunzble
voltage controlled, 11-265
[requency-lto-voltage converter, [-
418, 11-255-267, 11-219-420, VI-
231-233
de, 10 kHe, 1-316 -
digital meter, 1317
aptoceupler input, 1V-18:3
sarmple-and-hold vireutt, 1v-194
single-supply design, 1V-195
zener regulated, 1-317
Tuel gauge, automolive, [V-46
full-wave reclifiers, IV-328, IV-650
absolule value, I-528
averaging filter, ¥-191
op amp circuit, V-403
precision, I-234, III-537
silicon-conirelled (SCR}, [-375
function generators (see also burst
generators; sound generators;
waveform generators), I-729, II-
271, 11-221-242, 111-268-274. IV-
196-202, V-200-207, V-309,
VI-234-243
5bb astable, low-duty cyele, 11-267
acoustic field generator, V-338-341,
V-338
AM broadcast-band signal
generator, [V-302
AMN/IF signal generator, 455 kHz »
[V-301
astable multivibrators, II-269, 11-
510, [I-597, 111-196, II1-224, IIT-
233, II-237, 111-238
audio funciion generator, [V-197
audio-frequency generator, V-116-
417, V-416
bistable multivibrators, 1-133, 1-299,
1-395, II-367, 11-465, [I-103, TV-
108, IV-651
bistable ruitivibrators, 1-133. 11-465
capacitance multiplier, ¥-205
clock generatorfoscillator, 1-193, 1-
615
complermentary signals, XOR gate,
1-226
DAC controlled, [-722
debouncer, IV-108
emitter-coupled RC oscillator, TT-
266
fixed-frequency, TM-231
flasher, 1-299, 11-234
FM, low-frequency, 111-228
free-rnning multivibrator,
programmable-frequency, TM1-235
frequency-ratio monitoring circuit,
1V-202
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functicn generators, condinued
frequency synthesizer,

programmable voltage controlled,

11-265
FSK, low-cost, [TT-227
harmonic generators, 1-24, TH-228,
IV-649
high-frequency, II-150
inverter, II[-103
lamp driver, IV-160
line/bar generator, viden, V-A2
linear ramp. 11-270
linear triangle/square wave VCO, 1
263
logarithmic
dynarnic-range, ¥-201
fast acting, V-202
monostable multivibrators, 1-465,
11-228, TM1-230, TT1-235, [11-237
input lockout, 1-464
linear-ramyp, ITT-237
photocell, monostable, 115124
positive-triggered, [[1-229
TTL, moncstable operation, [-464
[EIT, monastable operation, 1-463
video amplifier and comparator,
11-268
multiplying pulse width circuit, 1t-
264
multivibrators
low-frequency, TTI-237
single-supply, H1-232
nonlinear potentiometer oulputs,
1V-198
ome-shots, 1-465, ¥1-419
digitally controlled, 1-720
precision, [11-222
retriggerable, 111438
oscitlator/amplifier, wide frequency
range, [[-262
pattern generalor/polar-lo-rect,
converter, V-288
polynortial generalor, V-287
potentiometer-position V/F
converter, [V-200
pracise wave, 11-2474
programmed, 1-724
pseudo-random bit sequence
generator, V-351
pulse generators, 11-508-511
2-otuny, 111-231
300-v, [11-621
B55-circuil, [V-434
astable multivibrator, 11-510
clock, 80 Hz, 11-192
CMOS short-pulse, 1I-523
delayed-pulse, I1-508, [V-440
divider, programmable, [I-511,
11-226
IEEFROM, 6V-powered, I11-99
free running, IV-438
interrupling pulse-generation,
[-367

logie, HI-520

logie troubleshooting
applicalions, V=436

programmable, [-529

sawiooth-wave generator and,
11241

single, II-176

train, puise train, IV-202

transistorized, IV-437

two-phase pulse, [-532

unijunction transistor design,
[-530

very low-duty-cycle, II[-521
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vollage-controller and, 111-524
wide-runging, [II-522
quad op amp, four simultaneous
synchronized waveform, 1-269
ramp generators, [-540, 11-5621-523,
HI-525-527, 1V-443-447
555 based, V-203
accurale, 111-526
integrator, inilial condition
reset, HEG27
lincar, [[-270
variable resel Jevel, [I-267
volluge-controlled, [[-523
rf pscillator, V-630-631
rool extractor, V-207, V-288
RS flip-flop, 1-395
sawloolh generators, V-441
lincar, V-205
Lriggered, V-204
sawlooth and pulse, [II-241
Schrnilt Lrigger, transistorized, V-204
SCR, 11-367
self-retriggering timed-on
generator, V-342
signal generators, V-204
AM broadeast band, IV-302
AM/II, 455 kHz, IV-301
high-frequency, 11-1560
square-wave, [1I-583-585
staircase, 11-586-588
two-function, [11-234
sine-wave generators, IV-6{05, TV-
506, V-542, V-543, V-544
60 Hz, IV-507
audio, 11-564
battery power, V=541
LC, IV-50OT
LF, IV-512
oseillator, audio, ITT-569
sguare-wave and, tunable
oscillator, II1-232
VLF audio tone, TV-H08
sine/cosine (0.1-10 kHz), 11-260
sine/square wave oscillators, 1-65
TTL design, IV-512
tunabie, 1-65, 111-232
single control, I1I-238
single supply, II-273
square-wave generatars, [[-534-600,
[11-225, II1-239, IT-242, TIT-583-
585, IV-H29-536, V-H6R-5T0
1 kHz, TV-536
2 MHz using two TTT. gates, [[-598
500 timer, TI-595
astable circuit, TV-534
astable multivibrator, 1-597
CMOS 556 astable, trae rail-to-
rail, TI-h96
duty-cycle multivibratoer, [11-
H0-percent, I11-6584
fonir-decacde design, 1V-535
high-current oscillator, 11-585
line frequency, [1-69%
low-frequency TTL uscillator,
11-595
multiburst generator, 11-88
multivibrator, IV-536
aacillators, 1-612-614, [-616,
11-696, T1-597, 11-616, [V-532,
TV-b33
phase-tracking, three-phase, 11-598
pulse extreactor, 111-584
quadrature-outpuls oscillalor,
T-585
sine-wave and, tunable
oseillator, HI-232

three-phase, IT-600
tone-burst generator, single
timer IC, 11-89
triangle-wave and, 111-239
precision, MM-242
programmable, 111-225
wide-range, IT1-242
TTL, LSTTL, CMOS designs,
IV-530-h32
variable duty-cycle, IV-533
variable-frequency, IV-535
SR flip-flop, IV-651
stable function generator, V1-2432
staircase generaftors, I-730, 11-601-
602, [I-086-588, TV-443.447
sweep generators, 1-472, ITi-438, V1-
238-241
timehase
1 Hz, readont. and counter
applications, IV-201
oscilloscopes, V-425
time-delay generator, 1-217-218
tone burst generator, repeater, V-620
triangie-wave, 111-234, V-203, V-205
clock-driven, V-206
square wave, [T1-225, [11-2139,
1242
timer, linear, I11- 222
triangle/square wave generator, V-
206
tunakle, wide-range, [11-241
two-function, 11234
UIT monostable circuit insensitive
to changing bias voltage, [1-268
variable duty cycle timer output,
TIT-240
valtage controiled high-speed one
shot, 11-266
wavelori (see waveform
generators)
white noise generator, IV-201
witle-range funclien generator, YI-
243
funk box, 11-594
furnace exhausl gasfsioke detector,
tewmnp monitorlow-supply detection,
11248
furnace fuel miser, V-328-329
fuses
battery-chargor relay fuse, V-88
electronic, V-477
mwnitor for car fuses, V-77
relay Iuse, V-478
fuzz box, LII-675
luzz sound effeet, II-590

G
GaAsFET circuils
arnplifier, power, with single supply,
1-10
lixed power supplies, 1Y-405
guin condrol circuits
amplificr, stereo, gain-controlled, Ii-
9, 11-534
automatie audio gain control,41-17
automalic gain control (AGC), H-17
AGC system for CA3028 IF amp,
1V-458
rf ainplifier, wideband adjustabte,
111-545
squelch control, 1133
wide-band amplifier, III-16
gain block, video, III-712
galvanometer, sine/cosine generator,
VI-T00



game feeder controller, I[-360
game roller, I-326
games, 11-275-277, 111-243-245, IV-
203-207, V-208-211, VI-244-264
coin flipper, [11-244
coin toss game, VI-260
craps game, VI-245
electronic dice, [11-245, IV-207
electronic roulette, 11-276, 1V-205
First-Response Monitor, VI-247, VI-
' 2560, VI-252, VI-2563
fish lure, electronic, VI-386
Jacob's Ladder, V1-380
lie detector, 1I-277, [V-206
model car derby winner indicator,
VI-259
one-arm bandit game, V1-251
quiz master, V-210
reaction timer, 1V-204
ring launcher, electromagnetic, V-
209

roulette, II-276, IV-205
run-down clock/sound generator,
IV-205
slot machine, V-211
Twenty-One game, VI-246
Wheel-of-Fortune, [V-206, VI-254
who's first, 11i-244
Z-Dice game, VI-248-249
garage stop light, II-63
gas detectors (see also smoke alarms
and detectors), 1-332, II-278-279,
111-246-253, V-212-214
analyzer and, I[-281
combustible gas detector, V-214
explosive gas detector, V-213
furnace exhaust, temp monitor/low-
supply detection, [II-248
mathane concentration, linearizerd
ontput, III-250
toxis, 11-280
SCR, M-251
smoke/gasfvapor detector, 111-250
gate dip oscillator, VI-344, VI-346
gated oscillator, last-cycle
completing, [1I-427
gated-pulse descrambler, TI-165
gates, V-215-216
AND, 1-335, V-216
OR, 1-395
programmable, -394
SyTIC gating circuit, V-595
XOR gate, IV-107
Geiger counters, I-536-b37, V-217-
219, VI-531
high-voltage supply, [T-489
pocket-sized, 11-514
gel cell charger, 11-66
generators, electric-power
corona-wind generator, 1V-6353
de generator, V-443
high-voltage generators, 1V-413
iun generator, V-248-249
battery-powered, 111-482
capacitor-discharge, [11-485
de voltage,- 111-481
pegative-ions, 1V-634
regulator for automaoebile gencrator,
V-76
ultra-high-voltages, 11-488
generalors (see funclion generalors;
soundd generators; waveform
generalors)
glitch-delector, comparator, 11-107
glow-plug driver, [[-52
gong, electronic, V-563

graphic equalizer, ten-band, active
filter in, 1I-684
grid-dip meters, I-247, [I-182-183
bandswitched, IV-2468
bastc grid, I-247, [V-208
dual gate IGFET, I-246
little dipper, 1I-183
varicap tuned FET, I-246
grid-leak detecter, VI-179
grounding
ground loop preventer, V1-390
tester, 11-345
ground-fault Hall detector, IV-208-
209
ground-noise probe, battery-
powered, ITII-500
pseudoground, V1-431
guitars
compressar, sound-effect circnit,
V-519
matching audic signal amplifiers,
V-38
mixer, low-noise, four-channel, V-
360-3061
treble boost for, 11683
tuner, II-362
gun, laser, visible red and continuous,
I-310

H

half-duplex information transmission
link, III-G79
half-flash analog-to-digital
converters, 111-26
half-wave ar phase cortrolled circuit,
[-377
half-wave rectifiers, 1-230, IT{-528, TV-
325
fast, [-228
Hall-effect circuits, T1-282-284, T11-
254-258, V-220-222
angle of ratation detector, 11-283
compass, [H-258
compass, talking, V-221
current monitor, 111-255, TV-284
door open alarrn, [[-284
ground-fanlt detector, [V-208-209
oscillators, V-222
security door-ajar alarm, I1-256
switches using, TIT-257, TV-539
halogen lamps
dimner for, TIT-300
protector, V-271
handitalkies, I-19
two-meter preamplifier for, [-19
hands-free telephone, [11-805
hands-off intercom, 111-291
handset encoder, telephone, 11-613
harmonic distortion
analyzer, V-291, VI-367
meter, V-312
harmonic generators, 1-24, I11-228, 1V-

Hartley nscitlator, 1-671, V-140, Vi-
4H3, VI-459
HC-based oscillators, H1-423
HOU/MHTC-based oscillator, 111-426
headlights (see autormotive circuits,
headlights)
headphones
arplifier for, 11-4:3
cur profector cirenil, V-482
infrarcd (IR) receiver, V-227, VI-269
infrared (IR} transmitlter, V-227, VI-
263

signal amplifier, V-53, V-57

heart rate monitor, T1-348, 11-349, V-
342

heat-activated alarm, V-9

heat sniffer, electronic, II-627

heaters/heater controls (see also
temperature-related circuits), -
G30

element eontroller, 11-642
induction heater, ultrasonic, 120-
kHz 500-W, 111-704
protector circuit, servo-sensed, 111
624
temperature sensitive, 1-640
hee-haw sirern, 11-578, III-H65
hexFET switch, V-5092
dual-control, V-H93
hi-fi cirenits (see stereo circiits)
high-pass filters, [-296, VI-210, VI-221
active, 1-296, V-180, V-188, VI-213
fourth-order, V-188
second-order, 1-297
amplifier, V1-42
Butterworth, fourth-order, I-280, V-
179 :
Chebyshev, fourth-order, 111-191
equal compaonents second-order, V-
188
fourth-order, 100-Hz, T¥-174
Sallen Key, VI-209
second-order, 100-Hz, TV-175
sixth-order elliptical, TIT-161
unity-gain second-order, V-187
variahble, V-186
wideband two-pole, T1-215
high-voltage power supplies (see also
generators, electrical power;
pawer supplies), 11-487-490, 111-
486, TV-409-413, V-442.447, V[-
499-505
9 to 16-Vele input, V-456
-100-Vde supply, V1-502
12-V supply for Muorescent lamp,
V1-500
10,000 V de supply, 1V-833
ac operated He-Ne laser power
supply, VI-502
arc-jet power supply, starting
circait, 11-479 -
basic cireult, V-446
battery-powered generator, 111-482
bucking regulator, [11-481
control circuit, V1-5801
de generator, 111-481, V-443
de supply, 120-240 Vdc, single-chip
cireuit, V-446
fluorescent-lamp supply, V-444
cold-cathode design, IV-411,
V-447
Geiger counler supply, 11-489
generators (see generators,
cleetrical power)
inverter, I-484
40 W, 120 V e, IV-410-411
Kirlian device supply, VI-6G4
laser cirguils, V-253
negative supply, V-445
negative-ion generator, IV-634
night-vision scope power supply,
VI-601
optoisolated driver, [1[-482
photormultiplier supply, V-444, V-445
preregulated, I11-480
pulse supply, IV-412
pulse-width modulated laser
supply, VI-505
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high-voltage power supplies
continued
regulators, T11-485
foldback-cirrent limiting, 1T 478
solid-state, remote adjustable, TTT-486
strobe power snpply, IV-413
tripler, VI-h04
tube amplifier, high-volt isolation,
IV-126
ulfra high-voltage geverator, 11-488
voltage regutators, VI-500, VI-503,
VI-605
hobby cirenits (see madel and habby
- cirenits)
hold buttan, telephone, 1-612, 11-628
home security systems (see alarms;
armciators}
horizontal deflection circuit, V12182
harn, automobite, -0, 1V-54
hourtime delay sampling circuit, -
668
Howland cureent pump, 11-648
hum reducer circuit, receivers, V-1347
hurnidity sensor, T-385-2K7, HH1-366-
267, VI-265-257
hybrid power amplilier, 11-455
hydrophone, VI-378

I
1 produet detectors, 1V-143
1C Litner, crystal-stabilized,
subharmonic frequencies for, I1-
151
ice formation alarm, [-106, 11-57, 11-5%
1COM 1C-2A ballery charger, [1-656
IF amplifiers, 1-6480, IV-459
AGC system, [V-45%
preamp, [v-460
receiver, [V-459
guadrature detector, TV sound IF,
1-690
two-stage, 60 MHg, 1-563
video [F amplifier/detector, V1-678
wideband, 1-689
ignition eircuits, automotive, V-64
capacitor discharger, 1-103
cut-off circuit, automotive, IV-63
electronic, IV-63
substitute ignition, I{I-41
timing lght for ignition system, II-
60

ignitor, 111-362

fllumination stabilizer, machine
vision, II-306

image canceller, Hi-358

immobilizer, 11-50)

impedance checker, V-136

impedance converter, high-te low, -
41

impedance sensor, nanoampere, 100
megohm input, 1-203

indicators {see measurement/test.
cireuits)

in-use indicator, telephone, [[-629

inductance meter/tester, V-310, VI-
330, VI-3G8

inchiction heater, ultrasonie, 120-kH«
HO0-W, TII-704

inductors

active, I-417
sirnulated, I1-199, V-180

infrared circuits (seo also light
controlled circuits; remote
control devices), T1-288-292, 111-
271-277, TV-219-228, v-223-229,
¥I-261-271
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hody-heat detector, VI-266

data link, 1-341

detector, 11-289, HE-276, [V-224, V-
225, Vi-2632, VI-266

emitter drive, putsed, 11-292

fan controller, 1V-226

filter cireuit, narrow-band, ¥-189

headphone receiver, V227

headphone transmitter, V-227

fon detector, VI-267

TR pulse-to -audio converter, V-224

lager light detector, VI-293

laser rifle, invisible pulsed, 11-291

long-range object detector, 11-273

loudspeaker link, remote, [-343

low-noise detector lor, 11289

night-vision illuminator, Vi-265

oubject deteclor, long-range, [H-273

people-detector, IV-225

preatuplificr for IR photediode, V-
226

proximily swilch, indrared-
activated, 1V-345
receivers, 1-342, 11292, 111-274, Tv-
920-381, V-296, V-299, VI-268
audible-oulpul, VI-271
data-link, low power, VI-265
"M audio receplion, VI-268
light,, V1-204
pulse frequency modulated,
VI-264
single-long, VI-264, VI-270
steady-long, VI-267
wircless headphones, VI-269
remole A/B switch, V-225
remote controller, 1-342 [V-224, V-
229
remote-control analyzer, V-224
remote-control tester, [V-228, V-
228, v-229
remote-extender, IV-227
transmitters, 1-343, II-289, [1-290,
I1-274, 1276, 111-277, IV-226-
227
audio-modulated, VI-262
digital, I1I-275
putsed for on/off control, V-228
remote-control, [-342
voice-modulated pulse FIM, IV-228
-wireless headphones, VI-263
TV remcte control relay, VI-263
wireless speaker system, 111-272, V-
222-223
injectars
thres-in-cne sef: logic prohe, signal
fracet, injector, TV-429
injector-tracers, 1-521, T-522, TI-500
input selectors, andio, low-distortion,
1-38
nput/ontpat buffer, analog
multiplexers, IM-11
inputfontput circoits, NEGO2-based,
V-355
instrumentation amplifiers, 1-346, 1-
348, 1-349, 1-302, I1-283-2495, 111
278-284, TV-229-234, V233235,
VI-272-277
=100V comman mode range, 11-
294
ac-coupled, V1-276
current collector head amplifier, -
295
dilterential, 1-347, 1354, 111-283
biomedical, 111-282
high-gain, 1-353
input, 1-354, VI-275
variable gain, 1349

extended common-mode design,
V-2i4

high input-impedance, VI-275

high-impedance low-drift, I-355

high-spred, [-354

LM8218-based, high-specd, V-235

LMC6062-based, V-234

low-drilt/low-noise de amplifier, IV-
232

low-signal level/high-impedance, [-
o

low-nwise, V1-276

low-power, 111-284 VI-276

meler driver, 11-2496

PICAUNps
oscilloscope, 1V-230-231
thermocouple, 111-283

precision FET input, 1-365

programmable gain, VI-275

-salurated standard cell ampiifier, II-
296

strain gauge, HI-280

triple op amp, [-347

ulira low-noise, VI-277

uilra-precision, {[-279

variable gain, differential input, I-
349, VI-274

very high-impedance, [-354

wideband, III-281

instrumentation meter driver, II-296
integrators, II-297-300, I11-285-286,

V-236-237, VI-278-279
ac ingegrator, V1-279
active, inverting buffer, [[-209
bias-current compensated, VI-279
JFET ac coupled, II-200
gamma ray plse, [-D306
leng time, [[-300
low-drift, [-423
noninverting, improved, 11-298
photocurrent, 11-326
programmahle ot level, T11-286
ramp generator, initial condition
reset, [I[-H27
resettable, TII-286

intercoms, I-115, 1I-301-303, 111-287-

202, V-238-240, VI-376

hidirectional, TT-290

carrier current, I-146

hands-off, T11-291

party-line, 11-303

pocket. pager, 111-288

telephone-intercoms, 1V-607, V-239,
V-240

two-way, [T1-292

two-wire design, [V-235-237

voice-activated, one-way, V-239

intercoms (See wlso lelephone-

related circuits), V-238

interfaces {see alsa computer

circuits), [V-2:38-242 V-241-244,
V1-280-251
A80x, 650x, 8080 funilics, 111-98
arpateur radio transceiver, relay
interface, V-24:3
audioftelephone interface, VI-626
audio-to-ADC interface, V-242
casselte-lo-lelephone, [-618
CPU interface, one-shol design, [V-
DVM, temperature sensor and, [I-

FET driver, lew-lovel power FET,
1V-241

fiberaplie, 1207

keyboard matrix interface, [V-240

logic-level translators, IV-242



microcompuler-lo-triac interface,

optical-sensor-Lo-TTL, 1314

oplocauplers, V-406-407

oploisclalors, V-406-407

preanp receiver inlerface, V-243

process conlrol, 1530, V=248

RC receiver relay inlerface, VI-651

remole-conteol lransmilter
interface, V-511

resistive lransducer interface, V1-
281

RS-232, computer-powered, VI-138-
139

RS-422 to RS-232 converter, VI-133
tape recorder, II-G14
telephone
audio interface, V-612
telephone-line interface, V-605
timer/ac line interface, VI-281
transmit keyer interface circuit, VI-
31
video interface with syne stripper,
V-6h9
intermipter, gronnd fault, I-580
interval timer, low-power,
microprocesser programmable,
M-678
intruder-detector, light-keam
Activated, ¥V 11
preamg, ¥V-13
2RE-2RE
250 wall, V-246
analog switched inverter, VI-604
de-Lo-ac, ¥V-247
de-to-defae, 1208
digital, V-246
fasl, [-422
fixed power supplics, 12 Vinput,
V-395
flip-flop, 111-103
fluorcscent lamp, 8-W, 111-306
frequency inverter, 111-297
high-voltage, 111-484
40W, 120V ac, IV-410-411
low-power, fixed power supplies,
1-466
on/off switeh, [II-594
picture, video circuits, 11I-722
positive-to-negative de/de inverter,
VI-285
power, [11-298
12 VDC-to-117 VAC at 60 He,
11-284
medium, 111-296
MOSFET, I-295, ¥-247
rectifier/inverter, programmable op-
amp design, 1V-364
signal source for audio
amplifier/inverter, VI-702
ultrasenic, are welding, 20 kHz, [H-
o0
variable frequency, complementary
output, -297
voltage, precision, I1I-298
inverting amplifiers, 1-41-42, 111-14
ac, high-gain, [-92
balancing circuit in, [-33
gain of 2, lag-lead compensation,
UHF, [-566
low-power, digitally selectable gain,
11-333
power amplifier, 1-79
programmable-gain, 111-505
SCR inverter and trigger, VI-283
sine-wave inverter, VI-285

unity gain anplifier, I-80
vehicle audio amplifier inverter, V1-
284
wideband unily gain, 1-35
ion delector, V1-267, VI-533
ion generalor, V-248-240, VI-286-288
isalaled feedback power supply, 1H-
464
isalation amplifiers
capacilive load, 134
level shifler, 1-348
medical telemetry, 1-332
rf, 11-547
isolation and zero voltage switching
fogic, 11-415
isolation transformer, ¥-349, V-470
isolators
analog data-signal transmission, V-
133
digital transrission, 1I-414
stimulus, I11-301

J
Jacob's Ladder, VI-389
JFET gircuils
ac coupled inlegralor, HI-200
amplificrs
500-Mohm input impedance, V-23
current source biasing, V-21
chopper circuit, V-352
headphone audio signal amplifiers,
V-b7
oscillator, variable frequency, VI-
449
preamplifier, V-22
sauree follower, V-20
voltmeter, V-318
jitter suppression, V-342

K
kalcidoscope, sonic, V-548-549
Kelvin thermomeler, [-655
zero adjust, H1-661
key illuminalor, ¥-333
keyer, elcetronic CW “bug” keyer, V-

keving circuits, [V-243-245
AFBK generator, one-chip, VI-23
automatic operation, II-15
automatic TTL Morse code, I-25
CW keyer, [V-244
CW transmiteer, V1-22-23
electronic, {-20
frequency-shift keyer, [V-245
negative key line keyer, IV-244
PTT control from receiver audio,
vI-28
transmit kever interface circuits,
VI-31
wireless RTS kever with data, VI-
136
Kirlian device supply, VI-504

L

lamp-control circuits (see lights/light-
activated and controlled circuits)
laser circuits (see diso lights/light-
activated and controlled circuits;
optical circuits), 11-313-317, III-
300-311, V-250-254, VI-280-296
ac operated He-Ne laser power
supply, VI-502
de supply, VI-295
diode sensor. IV-321

discharge current stabilizer, 11-316
drivers
IC-hased, VI-246
op-amp, VI-295
pulsed double-helerostructure
laser, VI-296
-single helerostrueture diede,
VI-290
gun, visible red, I-310
handheld laser, V-252
high-vollage supply for He-Ne laser,
VI-20]
IR laser light detector, VI-293
light detector, [I-314
power supply, IV-636, V-251, V-254
high-voltage, V-253
with starter circuit, V-252
pulse-width modulated laser
supply, VI-B05
pulsers, lager dicde, 1-416, II1-311
receiver, IV-368
PLL IR, VI-294
sound effect generator for laser
pistol, VI-262
rifle, invisible TR pulsed, fi-291
simulaterd laser wsing LET, V-253
fransmitter, VI-292
latches, V-356
12-V, solenoid driver, ITT-572
comparator and, 1L1-88
latching relays, de, eptically coupled,
11-417
latching swit chies
double touehbutlon, 1-138
SCR-replacing, LUI-549:3
LCD display
7-scgiment, V-165
conlrasl temperature compensator,
VI-145
fixed-powoer supply, TV-342, 1V-403
large-size, V-164
lead-acid batteries (see also battery-
related cireuits)
battery chargers, [1-65
life-extender and charger, IV-72
low-batlery detoctor, 1156
leading-edge delay circnit, 11147
LED circuits
T-segment, V-166 -
ac-power indicator, [V-214
alternating flasher, ITI-198, [11-200
back-biased GaAs LED light scnsor,
I1-321
bar graph driver, [{-188,-VI-195
battery-charger test circuit, V-89
blinker, light-controlled, VI-301
brightness, I-250
Christmas tree light flasher, V-187,
V1225
color shifting LED display, VI-189
common-cathode display, V-167
driver, emitter/follower, IV-150
flaghers, ¥V-195, V-196, VI-226, VI-
227
alternating, [11-198, II1-200)
Christmas tree lights, V-147
control circuit, IV-182
dark-activated, V-195
driver, V-194
multivibrator design, [V-182
PUT used in, [[-239
ring-arcund; {II-194
sequential, reversible-direction,
v-182
three-year, I11-194
UJT used in, 11-231
frequency comparator, Ii-110
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LED eircuits continued
light sensor, back-hiased GaAsFET,
I-321
leading-zero suppressed display, V-
165

matrix display, two-variable, I11-171
millivoltmeter readout, TV-284
multiplexed cormon-cathode
display ADC, 11I-764
output indicator for 555 cirenits, VI-
260
panel meter, [11-347
peakmeter, 11I-333
pulser, VI-226
receivers for lightwave
communications, VI-310
ring-arcund flasher, HI-194
RS-232C, computer circit, MT-103
simulated-laser circuit, V-253
strobe, random, VI-224
three-year flasher, I11-194
trangmitter for Hghtwave
communications, VI-309
voltmeter, IV-286
VU meter, IV-211
level, electronic, I1-666, IV-328, VI-328
level controllers/detectors (see also
fluid and meisture), 11-174
alarm, water, [-389
audio, automatic, 11-20
audio {ALC), V-60-62
cryogenic fluid, I-386
- hiysteresis in, I-235
level of liguid, 1-107, 1-235, I-387, 1-
388, [-389, -390, I1-174, T1-244, TI-
246, II-205, I-206, B1-207, 1-203,
11210, IV-186, IV-190, TV-191
meter, LED bar/dot, I-251
peak, [-402
sound, I-403
three-step, 1-336
visual, 11I-269
warring
audio output, low, I-391
high-level, [-387
Ievel shifter, negative-to-positive
supply, [-394
LI* or HF field strength meter, 11-212
LF receiver, [V-451
lie detector, 1I-27T, IV-206, V-255-2h6
light-beam communicatinn circuits,
V-257-261
rceeivers
audio, visible-light, V-261
FM lLight-beam, V-259
modulated light, V-268
voice-communication, V-260
transmitters
audio, visible-light,, V-261
FM light-bearn, V-259
modulated light, V-258
voice-communication, V-260
light-controlled circuits (see also
lager circuits; optical circuits), [[-
304-312, 11-318-331, TIT-312.319,
V-262-283, VI-297-312
860 W limited-range light control, I-
376
alarms, V-9, V-273
dark-activated alarnm, pulsed tone,
v-13
high-output, pulge-tone, V-14
precision design, V-12
~self-latch, tome output, V-15
with hysteresis, V- 14
with latch, V-12
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light-beam intruder-detection, V-
11, V-13
ambient-light cancellation circuit,
11-328
ambient-light ignoring optical
sensor, [-413
audio oscillator, light-sensitive, II-
315
back-biased GuAs LED sensor, II-
321
black light, batlery-operated, V-281
battery-powered light, capacitance
operated, 1-1:31
brightness contrel, [-377, HI-316
carport light, automatic, [[-308
chaser lighls, scquential activation,
IV-251, IV-252
Churistinas light, driver, 1V-2564
Churistinas tree lights sequencer, V-
264 265
coloritueter, VI-306-307
cormnplementary, [-372
conlroller, IV-252
cross [ader; [-312
darkness monitor, VI-303
detectors of tght, [-362, IV-369
diminers, 1-369, [1-309, 1V-247, IV-
249 V266, VI-377
800 W, 114109
CMOS touch dimrner, V-270¢
de lamp, 112307
[our-quadrant, [V-248-249
halogen lamps, 111-300
headlight, [[-57, [I-63
low-cost, [-373
phase-conirolled, V-267
soft-starl, 800-W, 1-376, III-304
tanddem, I1-312
triac, 1-375, I-310, I11-303
dissolver, solid-state, [[-304
drivers, lump drivers, I-380
Lip-flop independent design,
1V-160
low-frequency flasher/relay, [-300
MOS lamp driver, V-269
uptical coupling, 111-413
neon kunps, 1379, V-270, V-459
short-cireuil-proof, 11-310
emergency light, 1-378, 1-681, II-
320, 1L-317, 11-416, IV-250
exposure meler, phote enlarger, V-

flame monitor, 11-313

Masher, dark-activated, V-1956

Noodlamp power, [I-373

Nuorescenl-lamp high-voltage
power supplies, [V-411, V-444, V-
447 VI-600

Iringe counter, VI-300

halugen lamp protector, V-271

holiday lights sequencer, V-264-265

indicator-lamp driver, optically
coupled, 1M-413

infrared circuits (see infrared
cireuils; remaote control)

interruplion detector, 1-364

inverter, luorescent, 8-W, [I1-306

key illuminator, V-333

larng: pulser, VI-227

lamp timer, VI-649

LEDs (see LED circuits)

level of ight, 1-365, 1-367, [-376, [-
3477, 1-380, 1-389, 111-313, [I1-316

life-extender for lightbulbs, TIT-302

light meter, VI-308, VI-350

light-bulb changer, automatic.

design, TV-253
lights-on warning, TV-58, 1V-82, Iv-
250
light-seeking robot, 11-325
logarithinic light sensor, 1-366
logic cirenit, T-393
machine vision illumination
stabilizer, 11-304
marker light, TIT-317
meters, light-meters, 1382, 1383,
V-305
phota enlargers, V-434-415
modulator, TT-302
monostalile multivibrator, light-
controlled, VI-30:3
monostabie photocell, sell-adjust
trigger, 11-329
mooring tight, automarie, 11-323
name in lights, V1-379
neon Christmas light fashers, VI-
225
neon light drivers, 1-379, V-270, V-
459, Y1-198
night lights
automatic, [-360, U-306
telephone-controlled, H1-604
night-vision illuminator, IR, V1-2656
night-vision scope power supply,
VI-R01
on/off relay, I-366
on/off rerninder
automotive lights, 1-10G9
with ice alarm, 1-106
one-shot timer, TTT-317
optical intermption sensor, IV-366
oscillatar, light-controlled, V-279
outdoor light contreol, V-275
phase control, T1-303, 11-305
photo alarm, [I-319
photocell, monostable, sell-adjust
trigger, 11-329
photocurrent. integrator, 11-326
photodiode amplifier, VI-301, VI-
302
photodiode log converter/
transmitter, VI-312
photodiode sensor amplifier, 112324
photoelectric contreller, 1V-369
photoelectric sensor, V-277
photoelectric switches, 11-321, 1
326, M-319
phototransistor, V-279
porch light control, V-268, V-276
projector-lamp voltage regulator, 11-
305
power outage light, line-operated,
Tm-415
pilse-generation interruption, 1-357
receivers, LED lightwave
communications, VI-31{)
relays, [-386, V-275, V-278 V-279,
VI-304
remote-controller, 1-370
rohot.
eyes, [1-327
light-seeking robot, 1-325
running light sequencer, V-264
sensars, 1367
ambient-light ignoring, I11-413
back-biased Gads LED, 11-321
de serve, V1-300
logarithunie, 1-366
multiple-input, V-273
optical sensor-10-TTL interface,
11-314
photoeteetric, V-277



sequencer, V263,
holiday lights, V-264-266
pseudorandorm, 111-301
running light, ¥-269
shinunering light, V-268
short-circuit proof lamp driver, T1-
310
signal conditioner, photodiode
design, 1I-330
solar power suppiy, VI-311, VI-312
solid-state light sonrces, ¥-282-283
sound-controlled lights, [-609, V-
552
speed controller, 1V-247
starry light, 1-579
strobe light, VI-468
high-voitage power supplies,
V-413
phota strobe, V-436, V-437
random LED, V1-224
trigger, V-436
variable, 111-b39-530
sun tracker, [11-318, V1-299, VI-312
switches, T1-320, ITT-314
adjustable, 1-362
capacitance switch, 1-132
dark-activated, V-274, V-270
light-fdark activated, V-274
light-activated, self-latching,
V278
light-controlled, 11-320, HI-314
photoelectric, TI-321, 11326,
11319
solar triggered, 1T1-318
vero-point triac, T-311
tachometer adapter, VI-208
traffic light controller, VI-208, VI-A05
transmitter, LEL lightwave
coruunications, VI-309
telephone in-use light, T1-626
three-way light contred, TV-251
touch lamp, three-way, 1¥-247
triac circuit, V-268
triae controller, V-267,V-271
triae switch, inductive load, TV-263
turn-off circuit, SCR capacitor
design, TV-2b4
wwilight-triggered circuit, [[-322
video, low-level video TF-amplifier,
1-687-689
voltage regulator for projection
larap, 11-:305
wake-up call light, 11-324
warning lights, 11-320, 111-317
light-seeking robot, 11325
limit comparators/detectors, 1-1066,
L1-108
alarm, high/iow, 1-151
double ended, 1-156, 1-230, 1-233, II-
105
micropower, 1-165
frequency-limil detector, 11177
Liriters, W-320-322, 1V-2556-257
wadio litniter, V-335
clipper/litiiter, [V-355
low-distortion, 1115
dynarnic noise reduction cireuit, TT-

hold-current, solenoid dreiver, 1T

noise, 1-395, 11321

one-zener design, 1V-257

oulput, Hi-322
power-consumption, IL-572
transmit-lime limiter/timer, IV-680
voltage limiter, adjustable, IV-2566

line amplifiers, [1I-37
duplex, telephone, IlII-616
RIAA line amp/driver, VI-77
universal design, 1¥-39
line drivers, [-262
50-ohm transmission, 11-192
600-ohm balanced, II-192
audio signal amplifiers, V-54
full rail excursions in, [[-180
high-output 600-cohm, II-193
impedanece-matched with 75 Ohm
load, V1-197
low-distortion composite 100 mA,
VI-200
line receiver, balanced, VI-552
line receiver, dual-inverter, VI-542
shield/line driver, high-speed, VI-
198
stereo line driver, VI-108
synchronized, [11-174
video amplifier, 11I-710
video line driver, VI-683
video line receiver, VI-550
line-dropout detector, 11-98
line-frequency square wave
generator, [[-599
line receivers, VI-542, VI-552
digital data, 11I-534
low-cost, [11-532
line-sync, noise immune 6{) Hz, [1-367
line-current detector/monitors, I11-
341
optically coupled, III-414
line-hum touch switch, III-664
line-synchronized driver eircuit, I1I-
174
line-voltage announcer, ac, 11I-730
line-voltage monitor, II1-611
line-voltage-to-multimeter adapter,
V-312
linear amplifiers
1.2-kW 144-MHz, VI-20
2-30 MHz, 140W PEP amateur
radio, I-H65
100 W PEFP 420-450 MHz push-pull,
1-554
160 W PEF broadband, 1-556
amateur radio, 2-30 MHz 140-W, I1I-
260
audio power amplifiers, ¥-51
CMOS inverter, II-11
inverter, linear amp from inverter,
1I-11
micropower, VI-T3
rf amplifiers
fi-m, 100 W, [V-480-481
903 MHz, IV-484-485
ATV, 10-ta-15 W, [V-481
linear couplers
ac analog, [[-412
analog, 11-413
de, T-411
optocoupler, instrumentation, I1-
417
linear 1C siren, I11-664
linear ramyp generator, [[-270
link, fiberoptic, 11I-179
liquid-level detectors (see fluid and
moisture detectors)
lithium batteries
charger for, TI-67
srate of charge indicator for. 11-78
little dipper dip meter, [1-183
load-senging circnits, V-284-285
locator, In-parts treasure, I-109
lock detector, VI-176-177

locks, clectronic, 1-194-197, IV-161-
163, VI-203-205
cormbinadion, [-583, 11-196
digilal enlry lock, 1V-162, V-157
frequency-bused lock, VI-204
keyless design, 1V-1623
lock detector, VI-176-177
three-dial combination, 1E-195
locomolive whistle, 11-58¢
logarittunic ampliliers, 1-29, [-356, T-8,
V1-56
de Lo video, 1-38
log-ratio amplifier, 1-42
lagarithmic converter, last, 1-169
logarithnie tight sensor, [-366
logarithmic sweep VCO, 11-7T38
logic/logic circuils, V1-913-316
amplifiers, logic amplifiers, 1-332-
335
Jow-power binary, to 10n gain
low-frequency, 11333
low-power inverling, digitally
selectable gain, 1-333
low-power noninverting, digitally
seleclable input and gain, 11-334
precision, digitally progracmable
inpul and gain, 11-335
progranunabie araplifier, 11-334
AND gule, Y1-315
audible pulses, 11-345
chip tester, V12334
combinatorial logic multiplexer, VI-
J15
converler, TTL wo MOS, 1-170
four-stale, single LELY indicator, T1-
361
isolation and zero voitage switehing,
11-415
level shifler, negalive-lo-positive
supply, -394
light-activaled, 1-393
line monitor, 1II-108
logic control for 78xx regulator, V1-
562
overvoliage prolectlion, 1-617
power supply, J.8-V from -V, VI-
492
probes, logic probes, 1-620, 1-625, |
526, IV-430-431, 1V-4:34, VI-523,
VI-523
CMOS, 1-52:1, 1-526, 111-499
digital, 111-497, V-310
four-way operation, IV-432 \
memory-lester, installed, 1-625
single-IC design, 1V-433
three-in-onc sel: probe, signal
tracer, injector, 1V-429
pulse generator for logic-
troubleshooting, [V-436
pulser, II-520, V-484
regulator, 5-V, with eleclronic
shutdown, VI-496
relay ANL circuil, VI-316
relay CR circuit, VI-316
sipnals, long delay line for, 11107
sine wave oscillutor, V1-440
state change indicalor, V1-314
testers
audible, II-343, V-313
TTL, I-627
translators, logic-level translalors,
1V-242
long-duration timer, PUT, II-673
long-range object detector, III-273
loop antennas
3.5 MHz, [V-12-13
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logicAogic cirenits cordeanued
dual band, 80-160m, V-32
preamp, V-38
loop oscillators, VI-385
loop transmitter, remote sensors, 111-
T
leap-thru video amplifier, IV-616
loudness controls, T-46, 11-47
amplifier, lonudness amp, 11-46
balance amplifier with, [1-395
loudlepeakers
coupling circuit, .78
homn as londspeaker, 1V-54
protectar circuit, V-48:3
remote livk, I-343
low-distartion input selector for
andio use, 11-38
low-fraquency oscillators, 111-428
crystal, I-184, 11-146
oscillator/[lasher, 11-234
Pierce oscillator, U1-133
TTL oscillator, I1-595
low-pass fillers, [-287
aclive, V-178, V-181, V-188
digitally selected break frequency,
[[-216
fourth-order, V-184
amplifier, VI-49
Bulterworth, V-180, V-181
Chebyshev, fifth-order, mnlti-
feedback, II-219
clock-tunable, monalithic, 1 mV, ¥-
187
pole-active, [-205
fast-response, fast settling, 1V-168-
fast-gettling, precision, 11-220
precision, fast settling, [1-220
Sallen Key, VI-221
10 kHz, 1-279
active, IV-177
equal component, 1-292
second order, 1.289
second-order, V-188
serond ordear Sallen-Key, 1289
unity-gain second-order, V-187
variable, V-186
valtage-controlled, VI-219
low-voltage alarm/indicator, 1224, TT-
493, TIT-765
low-voltage power disconnector, I[1-97
LYDT circuits, [2336-3389, [11-323-324
driver demodulator, 1-337
signal conditivner, {-338

M

machine vision, Huminalion stabilizer
for, 11-306
magnetometer, (11341
magnets
clirrent sensor, magnetic currents,
111-341
electromagnetic-lield sensor, V-308
permanenf-magnet detector, IV-281
preamplifiers, magnetic, 189, [191,
[IT-37, M-673, 1V-35, 1V-36
proximity sensor, V-308
transcducer, magnelic transducer, I-
233
mains-failure indicator, [V-2168
marker generator, 11-138
marker light, IL1-317
mathematical circuils, I1-325-327,
TV-258-263, V-286-288, VI-317-
326
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adder circuits, II[-327
binary, fast=action, TV-260-261
averaging circuit, VI-324
bridge linearizing function, VI-321
difference of squares, VI-323
divider circuits, IV-1560-156
binary chain, [-258
divide-by-2-or-3 circuit, IV-154
divide-by-N
1+ GHz, IV-i55
1.6+ divide-by-n, IV-156
CMOS programnmatie, I-257
7490-divided-hy-n, TV-154
divide-by-odd number, TV-153
frequency dividers, I-268, I1-251,
H-254, [II-213-218, T-340, Ni-768
1.2 GHe, 111-129
10-MHz, ITT-126
clock input, TV-151
decarle, I-259
divide-hy-1.5, 11216
low-cost, HI-124
low-frequency, 11-263
preamp, {11-128
programunable, IV-152-1563
staircase generator and, 1-730
tachometer and, 1-310
add-nuwnber counter and, HI-217
one Leim, 326
pulse, non-integer programmable,
11-511, 11I-226
ninimum/maximum selector, four-
input, V-332
multiplier circuits, IV-325, VI-325
low-frequency multiplier, [V-325
precise commutating amp, V-
262-263
voltage multipliers, TV-631-637
2,000 ¥ lew-current supply, Tv-
636-637
10,000 ¥ de supply, IV-633
corona wirkd generator, 1V-633
doubiers, 11-459, [V-63h
cascaded, Cockeroft-Walton,
V635
triac-controlled, III-468
laser power supply, TY-636
negative-ion generator, high-
voltage, [V-634
tripler, low-current, TV-637
multiplier/divider, VI-318, v1-322
percentage-deviation ratio
computer, VI-326
polar-to-rectangilar
converter/pattern generator,
radia direction, V-288
polynomial generator, V-287
root extractor, V-207, V-288
sin approximation, VI-323
slope integrator, progranunable, [V-
259
square-root circuit, VI 319, VI-320,
VI1-322
subtractor, II{-327
MC1330/MC 1302 telavision 1F
amplifier, I-688
measuremert/test cirenits (see also
monitors: probes), 7-340, 111-268-
270, II-328-348, TV-210-218, 1v-
264-311, V-230-232, V-289-341,
VI-258-260, VI-327-163
100 K megaohm de, 1-524
3-in-! test set, TM-330)
556 cirenits, LED nutput indicator,
VI-264
absohute-valne circuit, 1V-274

ac hol wire, I-581

ac-currend, indjcator, IV-290

ae-power indicater, LED display,
1v-214

ac/de indicator, IV-214

ae outlel Lester, V-318

a4 power monitor, VI-351

ac wiring locator, V-317

ac-walls caleulator, V-304

acceleromeler, V1-345

acouslic-sound receiver, [V-311

acouslic-sound transmitcer, [V-311

aclivily Lester, crystal oseillators, V-

38

alarm and, ]-337
allimeler, digital, V-206
ammeter, low-current, V-307
ancrometer, hot-wire, I11-342
atmosphere neise monitor, V1-370
audible logic tester, II-343
audible TTL, [-H24
audio amplifier tester, VI-341
audio frequency meter, 1-311, V-
305, V-320, VI-335
audio millivolt, ITI-767, 111-769
axdio power, T-488
audio-rf signal tracer, 1-527
automatic contrast, 1-479
antomotive electrical tester, [V-45
antomotive-ternperalure indicator,
PTC thermistor, [[-56
B-field rmeasurcr, 1V-272
balanee indicator, IV-215
balance rueler for slereo, V-583
baroreter, [V-273, VI-338
baltery indicators/testers, 1-108, I-
121, 1-122, I-124, IV-74, IV-78, IV-
7Y
beal frequency, 1-336
breath alert alcohol tester, IT1-359
broadband ac active rectifier, TV-
271
buzz box continuity checker, 1-Hi1
cable tester, [11-639, V-289
calibrator (see calibrators)
capacilance buffer
low-input, i[[-498
stabilized low-input, III-502
capacitance meters, [-400, TI-81-94,
NI-75-77, VI-340
A/D, 3.6 digit, I11-76
capacitance-to-voltage, II-92
digital, {I-94
capacitor testers, [V-205, TV-279, V
3086, VI-3568
clamp-on-current compensator, 11-
501
CMOS logic, I-523
continuity testers, 1-550, I-551, IT-
342, I-633, II-534, T1-535, TIT-345,
II[-538-540, IV-287, IV-289, TV.
206, V296, V-203, V-317, V-319
crystal tester, [-178, I-186, 11-151,
V-139
current meters and monitors, 12039,
1-162-157, I11-338, VI-259, VI-35h5
ac current indicator, IV-290
current sensing in supply raiis,
1I-153
clectrometer amplifier with
overload protection, II-155
Hall-effect sensors, II-255, TV-284
high-gain current sensor, TV-2&1
picoammeter, 1-202, II-154, 111567,
111-338
guarded input, II-156



range ammeter, six-decade, -
153, II-166
curve tracer, =397, IV-274, V-300
OW offscl indicalor, IV-213
devialion meter, IV-303
dial putse, H1-613
digilal frequency meter, =344
digital rnultimeter (MM, iV-291,
V-291
digilal voltineters (VM) 111-4
3.5-digil, 1-713, I11-T61
2.75-digil, [-711
4.5-digil,, 1-717, IL-760
adapter for PC, V-310
aulo-calibrate cireyil, 1-714
aulomalic nulling, I-712
interface and lemperature
sensor, 11-647
LED readout, IV-236
temperature sensor and DVM, 847
diode tester, [-401, [-402, 1-406, II-
343, 11I-402
dip meters, I-247, 11-182-183
bandswitched, [V-288
basic grid, [-247, IV-208
dual gate IGFET, 1-246
little dipper, 1I-183
varicap tuned FET, 1-246
direction-of-rotation circuit, 11I-335
diode-curve tracer, IV-274
diode-matching circuit, IV-280
dosage rate, [-634
driver, meter-driver rf amplifier, 1-
1Hz, 1I-545
duty-cyele meter, 111-329, 1V-265,
IV-275, IV-280
dwell meter, 1-102, 1II-45
E, T, and R measurement/est,
circuits, [V-283-206
EC{ amplifiers with right leg drive,
VI-354
electrolytic-capacitor reforming
circuit, IV-276
alectrormagnetic-field sensor, V-308
electrometer, IV-277
electroscope, VI-341
electrostatic detector, [11-337
ELF maonitor, VI-336
energy consumption monitor, V-290
expanded-scale analog meters, I1-
186, TII-774, V16
FET probe, III-501
FET voltmeter, TT-765, TIT-770
field-strength meters, [[-208-212,
III-182-183, TV-164-166 V-174-
176
1.5-150 MHz, I-275
adjustable sensitivity indicator,
1274
high-sensitivity, TT-211
LF or HF, 11-212
microwave, low -cost, -273
ef sniffer, (1210
sensitive, 1274, HL183
signal-strength meter, IV-186
transmission indicator, TT-211
tuned, 1-276
UHF fields, [V-165
untuned, 1-276
Hlter analyzer, audio [ilters, [V-30%
fash exposure meter, 1-484, 11-446
frequency comparator, VCO and
input, VI-353
Frequency counter, 11340, 1V-300,
VL3680
frequeney divider, VI-10-MHz

frequency standard, Vi-341
frequeney melers, 1-610, H-249-250,
IV-282, IV-301
analog, V-307
audio, 1-311
lincar, 1-310
low-cost, 11-250
puwer, 11-250
power-ling, [-311
Irequency shift keyer tone
generalor, 1-723
Irequency standard, 10-Mlle, VI-
gale dip vscillalor, V1344, V1346
Geiger counters, -536-537, 11-489,
11-514, V-217-214
general purposce rf detector, H-500
go/mo-go Lest circuils, [-401, 1-167
grid-dip meters, [-247, 1V-288
ground, [-580, [1-345
ground-noise, batlery-powered, Hi-
A00
harmonic disiorlion
analyzer, V-291, VI-357
moter, Vo312
impedance checker, V-136
in-usc indicalor, telephone, 1-628
inductanee meler, incar, V-316, V-
430, VI-358
infrared detector, low-noise, 11-289
injectors, 1V-429
ion detector, VI-267T, VI-533
ion-sensing electroscope, VI-287
high-frequency and rf tester, [V-
297-303
LC checker, 11I-334
LED meters, [-251, 11I-347
level indicators (see fluid and
moisture, level)
line-current monitor, [11-341
light meters, [-382, 1-383, V-302, VI-
308, VI-360
line-voltage-to-multimeter adapter,
V-312
logic chip tester, VI-334
logic probes, [-620, [-5256, I-628, IV-
430-431, IV-434
CMOS, 1-523, 1-526, I11-499
digital, I11-497, V-310
four-way operation, [V-432
memory-tester, installed, [-D25
single-IC design, [V-433
three-in-one test, set: probe,-signal
tracer, injector, IV-429
Togic: tester, 1-627, 11-345, TMT-343, V-
313
low-current measurement, 1M-345
Tow-ohms adapter, IV-200
Tow-volrage, 111-769
magnet/magnetic detectors, TH-341,
TV-266, TV 281, V-308
magnetometer, 11-341
mains-failure indicater, TV-216
measuring gauge, linear variable
differential transformer, 1-404
meter taster, IV-270
metroncmes, [-411-413, T1-353-3655,
11-353-364, TV-312-314, V-392
micraammeter, de, four-range, TV-
202
microlarad counter, IV-275
microvolt, 11.499
millivolerneters, 1767, T 769, V-
289, 1V-294, 1V-205
ac, 1-716
audio, I[11-767, 111-769

de, [V-295
four-range, 1V-289
high-inpul impedance, 715
LED readout, 1¥V-294
minule marker, V=337
model car derby winner indicator,
V]-259
mdulation monitor, (11376, [V-299
mane audio-level meter, IV-310
mtion sensor, unidirectional, IF
motor hour, 11-340
motoreycle tune-up aid, V1-159
multiconductor-cable tester, 1V-288
multiteters, 1V-291, 1V-203
nanoareneter, V2349
negative voltage reference, V1-331
noise generator, [V-308
olunmelers, 1549, 1L-540, IV-290
On indicator, 1IV-217
on-Lhe-air, HL-270
op-amp de offsel shifl tester, ¥V-319
aplical light probe, 1V-369
ascilloscope adapler, [our-trace, 1V-
267 -
averspeed, [-108
avervollage prolection, 1-150, 1-B17,
11-46, I-107, 11-488, L11-513, 11i-
762, IV-389
paper sheel diseriminator, copying
machines, =339
peak detectors, [1-174, 1-175, 11-
434-436, II-771, IV-138 1V-143
analog, with digital hold, I11-154
decibel peak meter, 111-348
digital, III-160
high-bandwidth, 1II-181
high-frequency peak, 11-175
high-speed peak, [-232
LED design, peak meter, I1I-333
level detector, [-402
low-drift, 1II-156
negative, [-225, 1-234
op amp, IV-145
positive, 1-225, [-235, 1I-435, I1I-
169
true rms, [-228
ultra-low-drift peak, [-227
voltage, precision, [-226 -
wide-bandwidth, 11I-162
wide-range, III-152
pH tester, [-329, 111-501
phase detection/manipulation
circuits
detectars, [-4006, 1-476, 11 344,
11439, I1-441. 11-442,
TM-440-442, TV-127
10-hit, acenracy. 11-176
digital VOM, 1V-277
phase-difference rdetector, 0
fir 180-degree, 11-344
phase selector/syne
rectifier/balanced modulator,
TH-441
sequencers, phase sequence,
1-4786, T-437-442, I1-441
re circuit, phase sequence
reversal detection, 11-438
reversal, re cirenit to detect,
11-438
three-phase tester, 11-440
shifters, phase shifters, IV-647
0-180 degrees, T-477
0-360 degrees, 1-477
single-transistor design, [-476
splitter, precision, TTT-582
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neasurement/test circuits continued

tracker, three-phase square wave
generator, 11-698

pleeammeters, I-202, I1-154, 111-338
circuit for, II-167
guarded input circuit, I[I-156

FIN diode tester, VI-353

polarity indicator, V-231

power gain meter, 0 MHz, 1-489

power line frequency tester, I-311

power mcter, 1-489, VI-333

power supply test load, constant-
current, [V-424

power supply, 10-MHz frequency
standard, VI-335

powcer transformer tester, VI-354

prescaler, 660 MHz amplifying, IT-502

pressure gauge, digitat, V-314

probes, 4-to-220V, [I1-499

process controller, VI-4- to 20-maA,
VI-365

proximity sensor, magnetic, V-308

pulse-width meter, I1}-336

QRP SWR bridge, IIT-336

radan detectors, VI-531-633

RC decade box, V-284-205

receiver-signal alarm, ITT-270

receiver signal-strength indicator,
vI-260

rcference cireuit, VI-339

rcflectometer, I-16

remote-control infrared device, TV-

remote meters, VI-347

resistance measurement, T1-342, 1v-
285, VI-335

resister simulator, 100-W, V1352

resistors, programmable, V1-36:1

resistance/continuity meters (see
contimuity tester, ahove)

i bridge, V-303

f output indicator, TV-299

If power indicator, T-16, 111-332, V1-
348

rf probe, 1-523, TIT-498, 11[-502, IV-

33

1t test oscillator, V-412
1f voltmeter, III-766
ri-actuated relay, IT1-270
S meter for communications
receivers, V-311
scale, electronic, V-207
SCR tester, MT-344
short-tester, V-313, V-315
shutter, [-485
signal generators, ¥V-309
AM broadcast-band, IV-302
AM/TR, 455 kHz, [V-301
signal strength meter, 11-342, IV-
166
signal fracer, 1V-428, V-309
signal tracking signal generator, V-
356
simulated, T-417
single injector-tracer, H-600
80il maisture, I[[I-208
sound-level meters, 111-346, 1V-305,
vV-307
telephone, 111-614
sonnd sensor, 1V-218
sound subcarrier generator, VI-368
sound-test circuits (see also sound
generators), IV-304
speedormeter, bike, IV-271, IV-282
static detector, [V-276
stereo test circuits
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audig-level meter, IV-310
audig-power meter, I1I-331, TV-
306
balance indicator, [-618-619
receplion indicator, III-269
stud finder, 1JI-339
strain-gauge sengor, ¥1-336
supply-voltage monitor, V-320
suppressed zero, [-716
SWR power, [-16, [-22, IV-269
tachormelers, 1-94, I-100, [-102, 1I-
175, 11335, 111-340, 11-347, V-65,
V-596-508
analog readout, [V-280
calibrated, [1I-598
closed toop feedback.control,
11390
digital readout, II-61, I11-45, 1V-
268-269, IV-278
dwell meter/tachometer, [I1-45
[eedback control, 11-378, I1-390
frequency counter, -310
low-frequency, 11I-696
minimurm-component design, I-

motor speed controllers, 13-378,
389
optical pick-up, 111-347
sel point, 1i1-47
Lelephone
in-use indicator, II-629, IV-560,
IV-563
line-tester, V-615
off-hook, [-633
Lemperature {see temperature-
related circuits)
temperature indicator, [V-570
test driver for hobhy servas, Vo197
test probe, 4-220 V, I11-499
tester, IV-270
thermometers, III-637-643
three-in-one set, logic probe, signal
tracer, injector, [V-429
three-phase tester, II-440)
it meter, IIT-644-646, V-302
tone, digital IC testing, IT-504
transistor tester, [-401, TV-281, V-
306
transistor-matching circuit, ¥1-339
- transmitter-output indicator, IV-218
tri-color indicataor, V-232
TTL logic tester, I-527
universal test probe, IV-431
UHF source dipper, TV-249
undervoltage, hattery operated
equipment, 1-123
universal test. probe, IV-431
VCR head amplitier tester, VI-48
vibration meter, [-404
video-signat amplitude ineasurer, V-
309

visual modulation, [-430
vigual level, 1T1-269
voice level meter, V1-194
voitage level indicators, 1-335, I-
337, 1-338, I-718, III-76R-772, V-
301, v-315
voltage probes, V-474
voltmeters, 111-758
3.5 digit, 1-710, I-713, 1UI-T61
4.5-dligit, 760
G-digit, TT-760
ac, I-716, 111-785, 111-772
add-on thermometer for, [I1-640
bar-graph, 1-49, 11-54
de, 762, 11-763, V-301

digital voltmeters (DVM), 111-4

3.6-digil, commeon anode
display, I-T13

3.5-digit, full-scale, four-
decade, [1I-781

A.75-digit, I-711

4.5-digil,, 111-760

4.5-digit, LCD display, I-717

auto-calibrale circuit, [-714

automalic nulling, I-712

Interface and temperature
sensor, [-647

LED readout, [V-286

ternperature sensor and DVM,

FET, I-714, [I[-765, HI-770
high-inpul resistance, 111-768
JEET, V-318
LED ¢xpanded scale, V-311
millivoltmeters (see
millivoltmeters)
rf, 1-40B, II[-766
single-chip digital, V1-32%
voltohmmeters (VOM)
ficld strength, 1-276
phase meter, digital readout, 1V-
277
volurne indicator, audio amplifier,
1v-212
YOR signal simulator, IV-273
VI meters, I-715, [[-487, III-487, TV-
211
walch tick timer, V-282
walcr-level measurement cireuit,
1V-191
waltmeter, optical isolator, V1-342
wave generator, three-phase digital,
VIi-343
wavemeter, tuned RF, TV-302
wideband test amplifier, IV-303
wire tracer, 1[-343
zener diode test set, V-321
zener diode tester, 1-400, I-406
zero center, FM receivers, I-338
mgedical electronic circuits, T-347-
349, 111-349-362
bicmedical instrumentation
differential-amp, I11-282
breath monitor, 111-350
ECG amplifiers with right leg drive,
VI-354
EKG simulator, three-chip, 111-350
heartbeat transducer, VI-387
heart rate monitor, II-348, T1-349, v-
342
preamplifier for, [1-349
stimulator, constant-current, [-352
stimulus isolator, TT1-3561
thermometer, implantable/
ingestible, T1-641
megaphone circiit, V1-93
melody generatar, single-chip design,
W-520
memo alert, V-352
mernory-related circnits
EEPROM pulse generator, 5V-
powered, TT1-99
flash memory programiming supply,
+12 volt, YT-138
lithiura backup battery
replacement, VI-120
memaory protector/power supply
monitor, 1V-425
memory-saving power supply, 11-486
transceiver memory backup, VI-28
messenger circuit



Morse code, VI-406-407
single-chip, VI-373
metal detectors, 1-3560-352, [V-137,
V-322-324
low-cosl design, V-323
micropower, 1-408
pipe deteclor, V-323
melers (See rmeasurement/test
circuits)
methane concentration detector,
linearized output, 11-250
melronomes, 1-413, 11-3563-356, 11~
453-354, 1V-312-314, V-302, VI-
$64-466
ae-ling operated anjjunction, =355
accenlualed beal, 1-411
audible metronome, V1365
downhbeal-cmphasized, H1-353-364
eleetronic, IV-313
low-power design, [V-313
novel design, [V-314
sight and sound, I-412
simple, 1I-364
top ociave generalor, V-393
version 11, 1i-366
visual metrenome, VI-366 o
microammeler, de, four-range, 1v-292
reicrocontroller, musical orgar,
preprogrammed single-chip, 1-600
micrephong circuits
AM-modulated oscillalor for
wireless microphanes, VI-4a0
amplifiers, [-87, II-34
electronic balanced input, 1-86
buffer amplifiers, high-Z, VI-1258
electret, preamp circuit, V-21
external mic circuit for
transceivers, V-361
FM wireless, 111-682, I1I-685, LII-691
high-impedance input circuit, VI-81
mini-megaphone circuit, Vi-93
mixer, 1}-37, V-363, V-364
parabolic dish mikes, electronic-ear
amp, VI-82
preamplifiers, [[-45, [V-37, [V-42
balanced mic, VI-7T7
dynamic mic, VI-76, VI-T9
low-impedance, IV-41
low-voltage, VI-66
tone control for, I[-887
transformerless, unbalanced
input, [-88
transformerless, unbalanced
input, I-88
underwater microphone, VI-379
wireless, I-679, IV-652-654, VI-G61
MICroprocessors [seg computer
cireuits)
microvolt comparators
dual limit, I1I-89
hysteresis-including, 11I-88
microvelt probe, 11-499
microwave amplifiers, [V-315-319
5.7 GHz, TV-317
hias supply for preamp, 1V-318
preamplifiers
2.3 GHz, [V-3106
3.4 GHz, [V-310
bias supply, TV-318
single-stage, 10 (jHz, IV-317
two-stage, 10 GHz, IV-319
microwave field strength meter, [-273
MIDT {522 musical eircuits)
Miller cacillator, 1-193
millivoltmeters, TTT-767, TI-769, TV-
289, IV-294, TV-295

ac, I-716
audio, MM-767, 11-769
cle, TV-295
lfour-range, ivV-289
high-input. impedance, I-714
LED readont, TV-294
mini-stereo andio amplifiers, HI-38
minimum/Anaximum selector, four-
input, V-332
mixers, [I-367-370, IV-330-336, V-
R358-364, V1-392-393
1- MHz, [-427
andio, 1-23, T-539, 11-35, 1V-336, V-
362, V164
CMOS, T-57
cammon-source, 1-427
digital mixer, TV-3341
~diplexer, IV-335
doubly balanced, 1-427
dynamic andio mixer, IV-331
fonr-channel, 1-56, 1-60, 1I-40, III-
369, TV-333
four-input, I-66, TV-334
guitar mizer, low-noise, four-
channel, V-360-361
HF transceiver/mixer, IV-457
hybrid, T-60
input-huffered, IT-369
local oscillater, double-balanced
mixer, V-415
ruicrophone, 11-37, V-363, V-364
mixerfoscillator for AM receivers,
V-412
multiplexer, 1-427
one-transistor design, 1-H9
passive, 1-58
preamptilier with tone control, I-58
signal combiner, 11-368
stlent andio switching, 1-59
sound amplifier and, 11-37
sLeTCo mixer, pan controls, [V-332
unity-gain, four-input, 1v-334
ulility-design mixer, IV-336
universal stage, 1H1-370
video, high-performance operation,
V-609
mobile equipment, 8-amp regulated
power supply, [1-461
model and hobiby circuits, 1V-337-
340, V1-394-396
controller, model-train andfor siot-
car, [V-338-340
railroad crossing lasher, VI-385
railrgad Lrack control signal, ¥VI-396
rocket launcher, 11358
modems
power-line, carricr-current circuit,
11-82
power line modern for compuler
control, VI-474
protector, V-479, V-482
modulated readback sysicms,
discftape phase, I-8%
modulation indicator/monitor, 1-430
CB, [-431
modulators, [-437, T-368-372, 111-371-
377, V-365-367, VI-397-403
4b5-kHz, V-266
+12V dc single supply, balanced, 1-
437

AM, 1-438, [1-370

balanced, 111-376, [1I-441

digital pulse width modulaticn, V1-
400-401

double-sideband suppressed-
carrier, [[-377

DSB modulator, four-quadrant, VI-
402

FM, V-366, V-367

high-frequency, varactorless, VI-
398

linear {AM) amplitude modulator,
VI-402
linear pulse-width, 1-437
meniter for, [II-376
musical envelope generator, [-601
pulse-position, 1-435, II-375
pulse-width, [-435, 1-436, 1-438-440,
M1-3786, 1V-326, VI-402
f, 1-436, 1}-360, [II-372, 1II-374
saw oscillator, [II-373
TTL oscillater for television display,
-372
TV, 1-439, 11433, 1I-434
VHF, I-440, III-684
video, I-437, II-371, 1]-372, VI-389,
VI-403, V1-309
moisture detector {see fluid and
moisture detectors)
monitors for computers (see
computer circuits)
monitors (see also alarms; fluid and
moisture; light-controlled
circuits; motor control circuits;
speed controllers; temperalurc-
related circuits; tone controis),
V-368-372
ac power line monitor, VI-473
acid rain, IH-361, V-371
baby monitor, ¥-370-371
battery monitors, 1-106, [-222, [I-74-
74, 111-60-67, 1V-73-80
bird feeder monitor, V-371
blinking phone light, 11-624
hreath monitor, I11-350
current, II-255, 1V-284
alarm and, I1I-338
directional signals, auto, I11-48
door-ajar, automotive circuits,
ITT-46
duty cycle, II1-329, [V-275
flames, I1I-313
home security system, 1-6
ling-current, I1I-341
line-voltage, IMI-G11 -
logic line, TII-108
rnodulagion, 111-375, Iv-200
overvoltage protection, 1-160, [-517,
TM-96, T-107, 11-496, 111-513, I1I-
762, TV-389
powear-supply monitors, 10-491-497,
TTT-493-495, TV-422-427
backup supply, drop-in main-
activated, TV-424
bonster/buffer, boosts reference
carrent, TV-425
circuit breaker, trip civcuit, TV-423
connections monitor, ac lines,
111-610
[ault monitor, single-supply, 111-
495
meniary protector/supply
ronitor, 1V-425
polarity-protection relay, IV-427
SCI design, TV-385
test load, constant-current, IV-
424
triae for as-voltage contral, TY-426
tube amplifier, high-voltage
isolation, IV-426
voltage monitors (see voltage
monitors )
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monitors contiiztead
radon detectors, V1-531-533
roomn monitor, V-369
monestable muitivibrators, 1-465, [1-
229, ITI-230, TIT-235, 111-237, V-
386, V-387, VI-700
input lockaut, I-464
light-controlled, VI-309
linear-ramp, III-237
photocell, monostable, 11.329
positive-triggerad, MM1-229
TTL, monostable operation, [-464
UJT, monostable eperation, 1-463
video amplifier and comparator, 11-
G8

moering light, automatic, 11-:323
Morse code cirenits, V1-4(4-408

code practice oscillator, V1-404

CW audio filter, V1405

CW identifiar, V1408

messenger circuit, V1-406-407
MOSFETs

amplifier, high-impedance biasing,

V-19
audio power ampliliers, V-47

biasing, high-impedance method, V-

19
buffer amplifier, ¥-93
drive current booster, VI-3G8
driver, high-side, VI-199
frequency converter, V-123
mixer/ogcillator for AM receivers,
V-412
power control switch, 1V-186
power inverter, I1-295, V247
push-pull amplilicr, VI-535
moscuito repelling circuit, [-684
mation/peoximily deiectors, [-135-
136, 1344, [[-135, [[-136, [[-505-
507, 111-514-518, [V-341-346,
V376977, V-484-486
acoustic Doppler motion deteetor,
1V-343
alarin [or, [1-606, VI-65T
auto alarm, 1-9
capacitive, [1I-515
capacitive sensor Louch switch
system, VI-656
field disturbance sensor/alarm, II-
507
indrarcd-reflection switch, IV-345
lightl-beam intruder-detection
alarm, V-11, ¥-13
low-currend-drain design, IV-342-313
magnelic, V-308
ricrowave circuit, V-377
molorcycle alarm; [-9
objecl detector, long-range, TI-273
oplical detector eircuit, ¥V-40:5
optical Interruption sensor, IV-366
people-detector, infrared-activated,
IV-225
proximity switch, infrared-
activated, IV-345
relay-cutput, [V-345
room monitor, V-369
SCR alarm, 1I[-517
self-biased, changing field, I-135
switch, 11I-517
TUHF, HI-514, IV-344
ultrasonic motion detector, VI-668
ultrasonic proximity detector, V1
669
unidirectional, 11-346
motor control circuits, TV-347-363, v-
378-381, VI-410-116
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400 Hz servo amplifiar, [1-386
ac motors, II-375
ac servo amplifier, bridge-type, 111-
38T
bidirectional proporticnal control,
[1-374
blender control cireuit, V-37¢
compressor protector, TV-341
de motors
direction controls, I-45h2
driver controls,
fixed speed, 1M1-387
reversing, 11-381
servo, bipelar control input, -
386
speed-controlled reversible, Hi-

fiberoptic controls, TT-206
speed control, VI-411
direction controlier, ¥1-413, v1-418
de motors, 1-452
series-wound motors, 1-448
shunt-wound motors, [-456
stepper mator, IV-350
driver controls
ac motors
three-phase, 11-383
two-phase, -456, T 382
constant-speed, 111-386
de motors
fixed speed, MM-387
reversing, [1-381
serve, bipolar control inpuy, IT-
385
speed-controlled reversible, [17-
388
N-phase motor, 11-382
piezo drive, V-380
WM, V380
reversing, de control signals, II-
381
servo rootor amplifier, [-452, II-
384
stepper mwotars, [11-390
half-step, 1V-348
quarter-step, 1V-350
two-phase, 11-456
fiher-aptic, de, varighle, [I-206
hours-in-use meler, H-340
induction motor, 1-454
load-dependend, wniversal motor, I-
451
mini-drill conlrol, 1V-348
model train and/or car, [-463, [-405
phasc control, hysteresis free, I-373
piezo molor drive, V-380
power brake, ac, [[-451
power-factor controller, three-
phasc, [1-388
power-Lool torgue, [-458
PWM mwotor controller, ITI-389
PWM servo amplifier, IT11-275
PWM speed control, 11-376
PWM speed control/energy-
recovering brake, [11-380
sell-Liming control, bilt-in,
universal motor, I-461
servo motor amplifier, I-452, T1-384
servo system, 111-384
specd contro! (see speed
controllers)
slarl-and-run motor cireuit, TT-382
slopper motors, V-571-573, VI-600-
G02
half-step, IV-349
quarter-step, [V-350

speed and direction, IV-350
tachometers, I-94, [-100, T-102, 1i-
175, 1-335, 111-340, TI1-347
V-65, V-5096-508, VI-98, VI-248,
vI-371
analog readout, IV-280)
calibrated, [II-608
closed loop feedback contral, 11-
390
digital readout, II-61, III-45, [V-
268-269, IV-278
dwell meter/tachometer, 111-45
feedback control, i[-378, 11380
frequency counter, [-310
low-frequency, LI-596
minimum-compenent design, 1-405
motor speed controllers, M-378,
11-38¢
optical pick-up, 11I-347
set point, I11-47
three-phase controls, TI-383, 11-388
time-delay motor-control, long
time, V1413
two-phase controls, -456, 11-382
metoreycles (s2e automaotive
circuits)
multiburst generator, square
waveform, II-88
multimeters {see alse digital
multimeters (DIMM), IV-291, IV-
203
muitiple-input detectar, JI-102
multiplexers, 111-391-397, V-382-383
1-0f-8 channel transmission system,
I11-395
analog, T1-3%2, V-7383
0/ 1-percent, 11-392
buffered input and output, 111-396
inpnit/output buller for, II-11
single- to four-trace converler, II-
431
capacitance, H-200, 1I-416
combinatorial logic, Vi-315
commem-cathode LED-display
ADC, TT-764
de-, TT-394
differential multiplexer, 1-425, I-
428, T-428
driver, high-speed line driver, I-264
eight-channel data acquisilion
cireuft, VI-378
eight-channel mux/dermx, 1-426, [1-
115
four-channel, low-cost, 111-394
frequency, HI-213-218
line driver, 1264
low outpul impedance, VI-605
ruathernalical, one trim, [I-326
uscilloscopes, add-on, [11-437
pulse-widih, HI-214
resistor, 1-1949
sammple-and-hold, three-channel, IIT-

two-level, TII-392

video, 1-0f-15 cascaded, I11-393

wideband differential, H-428

ruultiplier circuits, IV-325

capacilance multiplier, V-205, V-
47

low-frequency multiplier, IV-325

photomultipliers, high-volt power
supply, V-444, V-445

precise commutating amp, [V-262-
263

resislangce multiplication circuit, op
amp, VI-431



voltage multipliers, IV-631-637
2,000 V low-current supply, IV-
636-637
10,000 V de supply, 1V-633
vorona wind generator, IV-633
doublers, 111-459, IV-635
cascaded, Cockeroft-Walton,
IV-635
triac-controlled, II1-468
laser power supply, [V-636
negative-ion generator, high-
voltage, IV-634
tripler, low-current, IV-637
multivibrators, V-384-388, VI-417-419
100 kHz free running, II-485
astable mltivibrators, I[[-269, II-
510, 11-h97, T-196, I1-224, III-
259, M-237, TH-238, V-386-388,
VI-418-41%
bistable multivibrators, 1-133, TI-
465, VI-418
inverter, H-103
debouncer, 1V-108
flasher, 1-299, 11-234
larnp driver, IV-160
pushbutlon trigger, V-388
RS flip-flap, 1-395
SCR, 367
Sk flip-flop, IV-651
touch-triggered, 1-1:33
car battery, I[-106
CB modulation, 11-431
CMOS, V-385
current, [[-203
duty-cycle, 50-percent, I1I-584
free-running
100 kHz, I-465
programmable-frequency, II[-235
with op arap, V-388
law-frequency, III-237
low-voltage, 11-123
modulation, 1I-430
monastable multivibrators, I-465,
111-229, II-230, II1-235, 111-237, V-
3806, V-387
input lockout, I-464
lirear-ramp, 11I-237
photacell, monostable, [I-329
positive-triggered, 111-229
PTL, monostable operation, [-464
TI1T, monostabie operation, I-463
vidlen amplifier and comparator,
II-268

ome-ghot, 1-465, 1-720, [[-266, [1-465,

M-222, I11-238, -3 7, 10054, V-
388, vI-419

oscilloscope, T1-474

single-suppty, 11-232

sound level, TT-403

sfuare-wave generators, IV-536

telephone line, 11-628

very-low-frequency, V-380

wideband radiation, 11-535

music cirenits (see adgo sound

generators), V-389-393

envelope generator/modulator, V-
22

instrument. tune-up, audio
generator, V-390

melady ciroiir, V-3%3

melondy generator, single-chip
design, TV-H20

metronome (8¢ metronomas)

MIDI receiver, V-392

MIDI transmitter, V-393

multi-tone generator, V-506

music maker circuil, [II-360, 1V-521

musical chimes, [-640

musical envelope, modulalor, [-601,
v-2z2

octave equalizer, V-353

perfect pitch circuil, V-391

synthesizer, V-10-note, V-561

Lelephone music-on-hold cirewit, V-
601, V605

wireless guitar transmilter, VI-661

muz/demux (see mulliplexers)

N
N-phase motor drive, TIT-382
NAD preammps
record, H1-674
Llwo-pole, HI-673
NAB tape playback pre-amp, 1-38
nancammeter, 1-202, VI-344
NEGOZ
de power circuit, V-368
input/output circuits, V-365
negative-ion generator, IV-634
neort flashers, 1-303
Christmas light flaghers, VI-225
five-larmp, III-198
two-state oscillator, [II-200
tube, -304
networks
crossover networks, 1-172-173, 11-36
Y, I-518
ac/de lines, electronic, 515
active, -172
asymmetrical third order
Butterworth, I-173
electronic circnit for, T1-36
Llter, 1-291
speecl, lelephone, T1-633
ni-cad batteries, [-118
analyzer [ur, Hi-64
charger, 1-112, 1-1116, HT-567
12 v, 200 1w per hour, 1-114
current and voltage limiting, -114
fast-acting, I-118
portable, 1V-62
temperature-sensing, TV-77
Lhermally controlled, T1-68
packs, automoetive charger for, T 115
porlable, H1-47, IV-6Y
prolection circuit, 1H-62
sitnpli-cad, 1-112
teruperalurc-sensing charger, 1V-77
Lest circait, 1V-79
thermally controlled, 168
zappers, 1-6, 11-66, [1-68
nighi lights (see lights/light-activated
and controlled circuits)
night-vision ilurninator, 1R, VI-265
nighi-vision scope power supply, V1-

no-doze alar, V-8
1noise generalors (see sound
SCNCTators)
noise detector [or ac circuits, VI-184
noise reduction circuits, 11.383-396,
11-398-401, 1V-354-358, V-186-
398, VI-420-424
amplificd noise limiter for SW
receivers, V-397
audio elipperdimiler, 1¥-355
audio dynamic systemn, ¥-397
audio shunt noise limniter, 1V-355
audio squelch, [1-394
balunce amplifier with loudness
control, 11-385

blanker, [V-356
clipper, 11-394
adjustable, V1-423
audio-powered, 111-396
Dolhy, Vi-421
Dolby B, decods mode, 11-401
Dulby B, encode mode, T 400
Dulby B, 11-389
dynanic nojse reduction, 11-321
filters (see filters}
liniter, [-995, 1115321, VI 423
low-level signal noise, ¥-398
neise generator, V19-4:
noise-based voting circuit, ¥1-422-

receiver application, V-398
shorlwave receiver noise lirniter, V-
397
noise monitor, VI-170
noninverting amplificrs, [-32, 1-34, 1-
41, 11I-14
ac power, I-T9
adjustable gain, [-91
comparator with hysteresis in, I-153
high-frequency, 28:dB, [lI-263
hysteresis in, I-153
low-power, digitally selectable input
and gain, 11-334
power, [-79
programmable-gair, III-505
single supply, 1-74
apiit supply, I-75
nonselective frequency tripler,
transistor saturation, 11-252
Norton amplifier, absohute value, IIT-
11

noleh Aiters (see atso filter cireuits),
1-283, 11397403, HI-402 404
4.5 MHz, 1-282
550 Lz, 11-30%
1800 Hz, [1-398
active band reject, 11-401
adjustable @, 11398, V-179, VI-217
audio, 1-400
bandpass and, 11-223
high-6Q, 111-404, V-178, V1-213, VI-
217, VI-220
RC, vI-221
seleelable bandwidth, 1-281 -
shorlwave receiver filter, V-145
three-amplificr design, 1-281
tunable, 11-349, 11-402, V-179
passive-bridged differentiator, -
403
hum-suppressing, [-280
op amp, [J-400
twin-notch for 1 kHz, V-183
twin-T, I1I-403
Wien bridge, [1-402
NTSC gray-scale video generalor, ¥1-

NTSC-10-BGB converter, VI-677
NTSC-Le-RGB video decoder, IV-68133
nuclear particle detector, 1537
null eireuil, [II-69

op amp offset nult, V1-427
null deteetor, 1-148, 111-162

O

octal D/A converter, V350
chmmeters, [-548
linear, 111-540
linear scale, [-54%
five-range, [V-23)
ohms-to-volts converter, I-168
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cil-pressure gauge, automotive, 1v-
[v-4

onv/off contrel, I-665
onvoff inverter, IT[-594
or/off touch switches, 11-691, 111-663
one-arm bandit game, V1251
one-of-eight channel transimission
systern, 1I1-100
one-shot function genarators, 1-465,
V-388, VI-419
digitally controlled, I-720
precision, 111-222
pulse generator, V-490-491
retriggerable, IIT-238
one-shot timers, III-654
light-controlled, III-317
voltage-controlled high-speed, I1-
266
op amps, II-404-406, TI-405-406, 1V-
357-3064, V-309-403, V425431
x10, }-37
x100, I-37
astable multivibrataor, 1M1-224
audio amplifier, IV-33, V427
balanced amplifier, VI-429
bandpass filter, VI-216, V1-222
"bidirectional compound op arup, [V-
361
bridge connections for power op
amps, VI-92
clamping for, [[-22
clock circuit using, 111-85
comparator, three-input and gate
comparator, IV-363,
composite amplifier, V-401, v-40:1
compound op-amp, 1V-364
current regutator, VI-430
de offset-shift tester, V119
differential amplifier, V1-186
driver, IV-1568-15%
feedback-stabilized amplificr, IV-
360
free-running multivibrator, V-388
full-wave rectifier design, v-40:3
gain-controlled op amp, [V-361
high-gain/bandwidth, V-40:3
input guard for high-Z op amps, V1-
428
intringically safe protected, 11-12
Inverter/rectifier, prograrmmable,
IV-364
laser driver, VI-205
logarithmic amplifier, V1-56
long RC time constants, V1-426
icrophone mixer, V-364
mixer cireuit, VI-39:3
offset null, Vi-427
orvoff switch, transistorized, IV-546
paralleled power op amps, VI-84,
VI-429
polarity gain adjustment, V-400
power op amp, V-402
power booster, TV-358
power driver circuit, 1V-158-159
pseudogronnd, VI-431
quad, simultaneous wavelorm
generator using, 1259
resistance multiplication cireuit, VI-
431
sawtooth generator, VI-701
single potentiometer to adjust gain
aver hipolar range, 1-408
single-supply applications, VI-430
swing rail-ray, LM324, [V-363
temperature-commpensated
hreakpoint, nonlinear, V-19, V-401

766

transconductance op anp, with
booster, VI-47
tunable notch filter with, 1-400
V- and I-protected, v-25
variable gain, II-405, V402
VCO driver, IV-362
video op amp circuits, 1V-615
optical circuits (see miso lasers:
lights/light-activated and
controlled circuits), 1-407-419,
IV-365-369, V-404-404
50 kHz center frequency FM
transmitter, IT-417
ac relay, III-418
two photon couplers, 11-412
ac switcher, high-voltage, 11-408
ambient light-ignoring optical
sensar, [1-413
CMOS coupler, 111-414
communication systern, 11-418
couplers/optocouplers, 11-409, 11-
417
analog coupler, linear ac, [1-412
analog conpler, finear, 1-413
CMOS design, 1MT-414
de linear coupler, 1411
instrumentation, linear, 11-417
optocouplers, TT-406, 11-417
stable, 11-409
TTL design, ITI-416
de latching relay, TT-417
digital transmission isolator, 11-
414
direction discriminator, V-408
high-sensitivity, NO, two-lerminal
zero voltage switch, 11-414
indicator lamp driver, 111-413
integrated solid state relay, 11-408
interfaces, optocouplers/
apteisolators, V-406-407
intermiption sensor, (V-366
isolation and zero voltage switching
logic, I1-415.
isclators/optoisotators, 1V-475
driver, high-voltage, 111-482
telephone statis monitor using, [-
626
light-detector, TV-369
line-current detector, 111-414
microprocessor triac array driver,
11410
optocoupler, V-407
interface circuits, V-406-407
optoisolator
interface circuits, V-406-407
relay circuit, 1V-475
paper tape reader, H-414
photoelectric light controller, IV-
369
photoreceiver, optimized noise/
responge, V-405
phototrangistors
amplifier, V.409
variable-sensitivity, V-400
power cutage light, linc-operated,
NE-415
probe, IV-369
proximity detector, V-405
pyrometer, F654
receivers, 1-364, 11-418
50 kHz FM optical transmitter,
T-418
light receiver, IV-367
optical or laser light, IV-367, IV-
368
relays, [1-412, 11-417, [[[-418

de selid-state, openv/elosed, 111-412
safety-circuit switch, v-409
Schmitt trigger, 1362
sensor, ambient light ignoring, III-

413
sensor-to-TTL interface, I1-314
source follower, photodiode, [11-419
telephone ring detector, 10-611
transmitter, I-363, 1-367, [V-368

light transmitter, 1V-368
triggering SCR series, 111-411
TTL coupler, aptical, 111-418
zero-voltage switching

elosed half-wave, 111-412

solid-state, MM-410

solid-state relay, 11-416

optocouplers (see oplical circuits,
couplers)
optoisolators (see optical circuits,
isolators)
OR gate, 1-355
relay circnit, VI-316
organ, musical, [-415
preprogrammed single chip

microcontroller for, 600

stylus, I-420
oscillators, [[-420-429, 11-420-432,

IV-370-377, V-410-421, VI-432-

459
1 kHz, I1-427
1.0 MHz, I-571
2 MHe, II-571
5-V, 111-432
50 kHz, 1-T27
400 MHz, T-571
500 MHz, T-A70
800 He, I-68
adjustable over 10:1 range, [1-423
AF power oscillator, V-412
AM-modulated oscillaior for

wireless maicrophones, YI-450
astable, 1-462, V-420, VI-437, VI-

438, VI-442, v1-443
audio, [-245, [11-315, [[-427, IV-374,

W-375
audio-frequency gencrator, V-416-

417
audio-test. oscillator, V-420
basic designs, V-414
beat-freuency audio generator, Iv-

371
beat-frequency oscillalor, VI-452
buffer circuits, [V-8%
Butler oscillator, V1-452

aperindic, [-196

common base, 1-191

crystal, 1-182

emitter follower, 1-190-191, II-

194
calibration oscillator, UJT, 100-kHz,

V1167
cassette bias, 11-426
Clapp oscillator, VI-4568
clack generator, 1-615, [T1-85
CMOS, 1-615, 111424, 111-430

1 MHz to 4 MHz, [-199

crystal, I-187
code practice, I-15, [-30, I-22, II-

428, 11-431, [V-373, IV-375, IV-

376, V-100-103, VI-409
Colpitts crystal oscillators, 1-194, I-

272, 1i-147, V-411, VI-160, V1-458

1-t0-20 Miz, IV-123

frequency checker, IV-301

harmonic, [-189-190

two-lrequency, [V-127



crystal {see crystal oscillators)
BParlinglon transistor oscillator, VI-
455
double frequency output, 1-314
discrete sequence, 111-421
duly-cycle
5(-pereent, 11-426
556 circuit, ¥1-446
varizhle, 111-422, VI-438
emiller-coupled
big loop, 11-422
RC, 11-266
exponcntial digitally confrolled, 1-
728
feedback, I-67
flasher and osciltator
high-drive, [[-235
low-frequency, 11-234
FM high frequency osciliator, VI-
456
FM-modutated oscillator, VI-449
free-running, 1-5:31
square wave, 1-615
frequency doubled ootput from, I-
425, 11-596
frequency switcher, Y-418
gale dip oscillator, VI-344, VI-346
galed, 1728, ¥-413, V-419
lasi-cycle completing, TIT-427
Hall effect circuits, V-222
Harlloy, 1571, V-140, VI-453, VI-
459
he-based, 14-423
HCU/HCT-based, LT 426
high-current, square-wave
generalor, 111-685
high-frequency, 11-426
crystal, [-175, 11-148
LC audio oscillator, V-411
LF oscillator, V-413
light-controlled, V-279
load-switehing, 100 mA,1-730
local pscillator, double-halanced
mixer, V-415
leop oscillator eliminator, VI-385
low-distortion, 1-670
low-duly-cycle pulse circuit, IV-
434
low-frequency vscillators, TIT-428
crystal, 184, 11-146
oscillator/Masher, H-234
Picrce vscillator, 11133
TTL oscillstor, 1-595
low-noise crystal, [J-145
Miller, I-19:3
MOSFET mixer/oscitlator for AM
reccivers, V-412
NES02 local oscillator, V-411
neon flasher, two-state, 111-200
one-second, 1 kllz, 11-423
one-shol, voltage-conteolled high-
speed, H-266
overtone oscilluors, 1-176, 177, I-
180, 1-183, I-186, 11146, T11-146
50 MHz 1o 100 MHz, 1-181
100 MHz, 1V-124
crystal, 1-174, 1-180, 11-146
crystal switching, [-183
fifth-overtone, 1-182
third-overtone oscillator, TV-123
phasec-locked, 20-MUz, TV-374
phase-shifl. oscillator, VI-435
Picree vseillator, V-140
1-MHz, HI-134
crystal, I[-144
harmonic, [-199, 1192

JFET, 1-198
low-frequency, IM-133
quad tone oseillator, VI-434
quadrature, 1-729, 1T1-428, VI-444
squarc-wave generator, III-585
quarlz, 111-136
R/C, 1-612
reflection, crystal-controlled, II-

Reinarlz oscillator, VI-450
relaxation, IV-376
SCR, HI-430
remole oscillator high-frequency
VEO, VI-451
resistance-controlled digital, TT-
426
rf oscillalors, [-650-551, -572, V-
528-532, VI-448-459
6.6 MHz VFO, V-549
5 MHz VFO, 11-651
ham band VFQ, V-532
NEG02 circuil, V-531
ri-genic, 11-421
shoriwave pulsed-marker, V-H32
sidetone, ri-puwered, 1-24
signal generator, V-530-h31
test oscillator, V-412
transmiilter and, 27 MHz and 49
MHz, 1-680
RLC, T4
sawtooth wave, modulator, TI-373
Schmitl trigger crystal, T-181
sine-wave (see sine-wave
oscillalars)
sine-wave/square wave, tunable, I-
65, 242, IV-512
single op amp, 1-529
siren oscillutor, V-567
square-wave, 1-613-614, 11-697, [I-
616, IV-5:32, IV-533, V-h6f, VI-

445
0.5 Hz, I-6186
1 kHz, [-612

astable multivibrator and, V-380
start-stop oscillator pulse cirenit,
IvV-438
switch, oscillalor-triggeread, V-5O0,
VI-606
switching, 20 ns, 1-729
temperalure-compensated, TI-137
crvstal, I-187
low-power Bv-driven, 1T-142
temperalure-stabie, 1-427
third overlone, 1-186, IV-123
time base, erystal, 1HI-133, TV-128
timer, 500 timer, 1-531
tone-burst, decoder and, [-726
transmitter and, 27 MHz and 49
MHz rf, I-680
triangle-wave oscillator, V-205
triangle/squarc wave, 1-616, 1-422
TTL, I-179, [-613, IV-127, VI1-437
1 MHz to 10 MHz, L-178
1 MHz to 20 MlLz, 1V-127
crystal, TTL-compatible, I-179
sine wavessquare oscillator, 1V-
512
television display using, 1-372
tube type crystal, 1182
tunable frequency, 11-426
funable single carparator, T-6%
tuned collector oscillator, V1-454,
VI-459
UHF oscillaior, Lunable, VI-456
varacetor tuned 10 Mliz ceramic
resonator, [1-141

variable frequency oscillator, VI-
438, V1-442, V443, ¥1-449, VI-
451, V14585, VI-467
variable oscillators, 11-421
audio, 20 Hz to 20 kHz, T1-727
four-decade, single control for,
11-424

sine-wave oscillator, snper low-
distortion, 111-558

wide range, 1-730, TT-429

variable-duly cycle, 11-422, V-119

VHF crystal oscillator
20-MHz, 111-138
50-MHz, 11-140
100-MHz, 11i-139

VLF LC oscillator, V1-454

voltage-conlrolled (VCO) (seq
voltage-controtled oscillators)

warble oscillalor, VI-582

wide-frequeney range, 11-262

wide-range, [-6Y, 111-425

variable, [-730, 11-429

Wien-bridge oscillators, 1-62-63, I-
86, 1-70, 1I-566, 111-4243, TN-558,
IV-371, IV-377, IV-511, V-415, V-
4149, V1-4:39, VI-444
CMOS chip in, 11-H68
Jow-distortion, thevmally stable,

M-557
low-vollage, 111-432
sine wave, 1-66, 1-70, TI-666, IV-
510, IV-513
single-supply, 111-558
thermally stable, {I-557
three-decade, 1V-510
variable, 11-424
very-low-distortion, IV-513
XOR-gate, 111-429
yelp, lI-577
oscilloscopes, 1-430-433, 111-433-1430,
V-422-426, VI-460-464

analog mulliplexer, single- to four-
trace scope converter, [1-431

beam splilter, 1-474

calibrator, 11-433, 111-436

converter, [-471

CRO doubler, L1-439

delayed video trigger, VI-464

differential amplifier, VI-463 .

eight-channel voliage display, 1I-
435

extender, 111-434

FET dual-trace switch tor, 11-432

four-trace vseilloscope adapter, IV-
267

moniter, [-474

multiplexer, add-on, [11-437

preamplifier, 11-437, V-423
counter, HI-4:38
instrumentalion amptifiers, [V-
230-231

sampling rale phase lock, VI-462

scope voltage cursor adapter, VI-
461

sensitivity wiuplifier, [1-436
spectrum analyzer adapter, V-424
timebase generator, V-425
trigger scleclor for timehase, ¥V-425
triggered sweep, U438
variable-gain wiup, V-426
voltage-level dual readoat, TV-108
outband descrarbler, [[-164
out-of-bounds pulse-width detector,
111-158
outlet tester, V-318
output imiter, [11-322
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ontput-gating cirenit,
photornultiplier, II-516
output-stage booster, 111-452
nutput-to-current converter, VI-155
overfunder Lemperature monitor,
dual oulput, [[-646
overload indicator, V-478
overload proteclor, speaker, II-16
overspeed indicator, -108
overtone oscillators, [-176, I-177, T-
180, [-183, [-188, [[-146, ITI-146
50 MHz to 100 MUz, [-151
100 MHz, 1V-124
crystal, 1-176, 1-180, II- 146
crystal swilching, [-183
fifth-overtone, [-182
third-overtone oseillator, 1V-123
overvoltage protection, [-150, [-517,
1196, 11-107, [1-496, [I1-513, TTT-
763, IV-389, V-480
comparalor Lo detect, [I-107
monitor for, HI-762
protection circuit, 11-96, II-496, TT-
513
undervoltage and, indicator, I-150,
I-762

P
pager, pocket-size, [11-288

PALNTSC decader, RGB input, TI-717

palette, viden, TI-720
panning circuit, two-channel, [-57
paper-sheet discrirtinalor, copying
machines, TIT-319
paper-tape readez, 11-414
parallel connactions, telephone, III-
611
party-line intercum, 11-303
password protection cireuit, PCs, V-
109, VI-135
pattern generator/polar-to-
ractangular converter for radio
direction, V-288
PCB continuity lester, [1-342, I-635
peak detectors, 11-174, I1-175, II-434-
436, TI-771, 1V-138, IV-143
analog, with digilal hold, III-153
eloged-loop, V-153
decibel peak meter, III-348
digital, 111-160
high-bandwidth, III-161
high-frequency peak, I-175
high-specd peak, 1-232, VI-175
LED design, peak meter, 11-333
level delegtor, T-402
low-drift, T1-156, V-155, V1-183
negative, [-2226, 1-234, V-154, VI-
174, VI-183
op amp, [V-145
open-loop, V-1563

positive, 1-225, 1-235, TT-445, 111169,

VI-179, V1-183
true rms, [-228
ultra-lew-drift peak, 1-227
vollage, precision, 1-226
wide-bandwidth, 111162
wide-range, II[-152
peak program detector, H-771
peak converter, precision ac/ide, I1-
127

peak/hold cirenit, VI-391

people-detector, infrared-aclivated,
V225

percentage-deviation ralio computer,
VI1-326

768

peried counter, 100 MHz, frequency
and, II-136

period-to-voltage converler, IV-115

pest-repeller, nltrasonic, -699, I1I-
706, 11I-T07, IV-605-606, V-427-
428

pH meters/probe, 1.399, 111-501, VI-
523

phase detection/manipulation circuits

dotectors, 1406, T-476, 11-344, 11-
430, [I-441, T-442, 111-440-443,
[V-127
10-bit aceuracy, 11-176
digital VOM, TV-277
lock detector, VI 176-177
phase-difference deteclor, O- to

180-depree, 11-344

phase selector/syne rectificr/
balanced modulator, H1-441

sequencers, phase sequence, 1-476,
[1-437-442, [MT-441
re cireuit, phase sequence

reversal detection, 11-438
reversal, re circuit to detect, I1-
438
three-phasz tester, 11-440

shifters, phase shifters, [V-647, V-
429-431
0-180 degree, 1-477
0-360 degree, 1-477
eight-output, V-431
single-transistor design, 1-476

splitter, III-5H82, V-430
long-tail pair, V-4310)

phase-locked loop, V-347

infrared laser light receiver, V1-204

lock detector, VI-176-177

tracker, three-phase square wave
denerator, 11-508

phasor gurn, I-606, TV-523

phonegraph-related circuits {see
steren/phonograph circuits)

photo-condustive detector wnplifier,
four quacdrant, 1158

photo memary switch lor ac power
control, I-363

photo stop action, 1-481

photodiode/photoelectrie eircuits

ac power switch, [1-319

alarm systeru, 1-13, [[-4

amplifiers, 1-361, 11-324, 11I-19, 111-
672, VI-301, vi-302

battery charder, solar, I[I-71, V-327

comparator, precision, 1-360

controller, IV-36%

current-lo-vollage converter, 11-128

flasher, photocell-controlled, TT-232

integralor, photocurrent, 11-326

level feleclor, precision, 1-365

light conlroller, [V-369

log converter/transmitter, VI-312

monostable photocell, self-adjust
trigger, [1-329

outpul-gating cireuit,
photomultiplier, II-516

PIN, thermally stabilized signal
condilioner with, 11-330

PIN-lo-frequency converters, [11-
120

preamplifier for IR photodiode, V-
226

sensor amplifier, 11-324

smoke alarm/detectors, 1-545, 598
solar power supply, V1-311, vi-312
source follower, T11-419

sun tracker, VI-299, V1312

switches, 1I-321, 11-326, II1-318, 111-
14

photocleelric sensor, V-277
photography-related cireuits, 11-4453-
449, [1{-443-449, IV-378-382, V-
432-438, V[-465-468
alto-advance projector, 11-444
camera alarm trigger, I11-444
- camera teip circuit, IV-381
charger lor photoflash capacitor,
VI-466
contrast meler, 11-447
darkroon enlarger timer, 111-445
darkroor timer, V-436
electronic [lash trigger, [[-448, -
449
enlarger cxposure meter, V-438
enlarger light meter, V-434-435
enlarger limer, 11-446
exposure meter, [-484, V-438
flagh meter, 11-446
flash slave driver, [-483
flash slave unit, V-433
flash triggers
electronic, [1-448
remote, 1-484
sound-triggered, [[-449
time delay, V-433
xenon flash, 11-447
light meter, V1-308, VI-350
light meter, cnlargers, V-434-435
photo-event Limer, [V-379
photollash, cleetronic, IT-44%
picture lixer/inverter, I11-722
shutter speed Lester, [1-445
slave-[lash unil trigger, IV-380, TV.
382, V-433, V-435
slide projector auto advance, TV-2581
slide-show timer, I11-444, I11-448
slide stepper for projector, VI-467
solutd trigger for flash unit, TT-449,
iV-382
strobe, V-436, V-438, V-437, VI-4658
time-delay flash trigger, IV-380, v-
443
photomultipliers
high-voilage power supply, V-444,
V445
phototransistor, V-279
amplifier, V-409
variable-sensitivity, V-409
limer, [-485
-xenon flash trigger, slave, 111-447
picoarmmeters, [-202, TI-154, 111-338
circuit for, II-157
guarded input circuit, 11:156
picture fixer/inverter, I11-722
Pierce oscillators, V-140
1-MHz, 111-134
crystal, 1-195, TI-144
harmoenic, 1-199, 11-192
JFET, [-198
low-frequency, 101-133
piezoelectric cireuits, V-430-441, VI-
460-470
alarm, I-12, V-10
buffer circuit, V1-470
drivers, V-440, V1470
ohh nacillator, V-441
CMOS, V-440
micropositioner, V-440
temperature controller, fan-based,
m-627
PIN dindes
filter selection circuit, VI-213
fest circuit, VI-363



PIN photodiode-to-frequency
converters, III-120
pink noise generator, [-468
pipe detector, metal pipes, V-323
plant-watering accessories, 1-443, 1I-
245, I1-248
playback amplifier, tape, I-77
TLL/BC receiver, [[-526
pocket pager, [I[-28%
polar-to-rectangular converler/
pattern generator, radio
direction finder, V-288
polarity converter, 1-166
polarity gain adjustment, cp amp
cireuit, V-400
polarity indicator, V-231
polarity-protection relay, IV-427
polarity protector, VI-526
polarity-reversing amplifiers, low-
power, [II-16
poller, analog-to-digital converlers,
V-28
polynomial generator, V-287
position indicator/centroller, tape
recorder, II-615
positive input/negative output charge
purnp, [-360
positive regulator, NPN/PNF boost,
1T-475
potentiometers, digital control, V-158
power amplifiers, 11-450-469, [1-450-
456
2- to 6-watt andio amplifier with
preamp, 11-451
10w, I-76
12 W low-distortian, I-76
25 W, 11-452
90 W, sale area protectior, 11-460
AM radio, 1-77
audio, 11-451, TIT-404, TV-25-33
20-W, 111-456
5w, 111-451
6-W, with preamp, TTT-4541
boosler, 11-455
bridge audio, 1-81
bull horn, 11-453
class-D, 111-453
GaAsFET with single supply, II-10
hybrid, 111-465
inverting, I-74
low-distortion, 12 W, .76
low-power audio, 11-454
nomninverting, -79
op amp/audio amp, high-slew rate,
1-82
output-stage booster, 111-452
portable, 111-4562
rear speaker ambience aplifier, 1T-
458
rf power amplifier
1296-MHz sclid state, 111-542
oW, 11-642
600 W, I-5569
switching, [-33
two-meter 10 W, 1-662
walkmamnamplifier, [[-456
power line circuits, VI-471-475
ar power controller, VI-472-473
ac power line monitor, Vi-473
low voltage power controller, Vi-475
maocdem for computer control, VI-474
power meter, VI-333
power supplies (see also vollage
indicators/meters), 11-460-486,
464, V-448-472, VI-476-4498,
VI-606-619

O~ to 30-V supply, VI-518

- to -V supply, VI-516

+1.5-V supply for ZN416E circuits,
V-469

A.53-V from 5-V logic supplics, VI-
492,

+5V supply, V-471, VI-481, VI-491,
VI-195

5-A constant-voltage supply, VI-498

+ hto + 35 V tracking, V-469

0-to 12-V, V-1 A variable, V-460

9-V supply, VI-485, VI-495

10-MHz frequency standard, VI-335

12-V supply, VI-492, VI-4493

12°Vde regulated supply, V1-497

13.8-Vde, V-2 A regulated, V-459

+15-V supply, VI-513

20-V adjustable, V-461

BV power supply with momentary
hackup, [I-464

5V, 0.6A power supply [-491

8 from -V regulator, V-469

2,000 V low-current supply, [V-636-
637

AA cells, +5 V/+3.6 V, V-462

ac outlet, tester, V-318

ac power controller, VI-472-473

ac power line monitor, VI-473

ac wiringtocator, V-317

ac-waftts caleulator, V-304

adjustabla current limit and outpul
voltage, I-H00

adjustable 20-V, V-461

adjustable supply, VI-517

amateur radio amplifier, [2-kW
144-MHz, VI-18

amplifiers, audio,
dual power supply, Y-105
subwooler power supply, V-464

antique radio de filament supply, V-
470

are lamp, 5W, 11-476

arc-jct, starting cirentt, 11479

aulomolive-accessory power
conlroller, ¥-70

aulomolive audio systemn supply,
VI-1043, V1483

aulomolive power supply, VI-513

balance indicator, 1H-484

batlery (see buttery-related
circuils)

battery charger and, 14V, 44, TI-73

battery power pack, 1-509

bench top, [[-472

benchtop, dual oulput, 1-505

bias regulator, VI-519

hipolar
hattery instrumernys, 11-475
fracking doublc-oulput, V-4489

hooster, 1-28, [-33, V-349

ck regulator, add 12-V output to
5-V, V-472

COEL supply with variable contrast,
V1510

charge pool, 11I-469

configurable, V-455

connections-monitor, ac lines, {1
L0

consumption limiters, 672

consumption monitor, V-290

controllers, IV-383-389, V-111-115
ac switches, [V-387, V-112, V-115
ac voltage control, ¥-114
antomotive-aecessory power, V-
it
bang-bang controllers, IV-339

turst-type corirol, [II-362
current-loop control, SCR
design, IV-387
dual-control ac switch, V-115
high-side switches, 5 V supplics,
TV-384, IV-385
maonitar, SCR design, 1V-385
MOSFET switch, IV-386
avervoltage protection, [-150,
1617, I1-06, II-107, 11-446, 111
513, II-762, IV-389
power controller, universal
design, [V-388
power-down circuit, V-114
pushbutton switch, [V-388
three-phase, power factor
control, [1I-388
converter
225-W 156-V outpue, VI-148-149
indhuctorless, V-456
current limiter, V-146, V-3568, V-4568
current regulator, 100-méa, VI-478,
VI-489
current sources, 1-205, 1-697, V-
141-143, VI-161-163
Oeto-200-n4, TV-327
bilateral, [I[-409, [-684-695, V-143
bipolar sources, I-695, 1-G97
constant, [-697, II-472
lixed power supplies, IV-405, [V-
406
low-current soirce, 1V-399
low-resistance, V-142
negative, V-143
ullset-adjusting, V-145
posilive, V-142
precision, [-205, 1-206
regulator, variable power supply,
111-4490
variable power supplies, valtage-
programmable, TV-420
vollage-controtled, gronnded
source/load, L1468
de-to-de SMPS varable 18V 10 30V
oul, ab 024, 11-480
de power circuit, NEA(2-based, V-
358
de power source, YI-511
de supply, VI-480, VI 481, VI-196_
delay circuil, V-148
differential vollage-to-current.
converler, V1153
disconnector, low-vottage, 11-97
dual polarity, I-497
dual power supply, ampliliers, V-
465
ELF monitor, VI-336

- experimenter’s power source, ¥l

50T, VI-511
failure/outage alarms/monilors, -

581-682, 11-107, 11-486, 11-175, U-

491-497, 111-493-495, [11-511,

TV-422-427

hackup supply, drop-in main-

activated, 1V-424

halance monitor, 111-494

haoster/buffer, boosts relerence
rurrent, IV-425

circuit breaker, trip circuit, 1V-423

eonnections monitor, ac lines,
II-510

fault moeniter, single-suepply, 11-
195

memory protector/supply

maonitor, 1V-425

polarity-protection relay, IV-427
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power supplics continued
SCR design, [V-385
test load, constant-current., TV-
424
triuc for ac-voltage control, TV-426
tube amplificr, high-voltage
isolation, [V-428
voltage sensor, 1V-423
fixed power supplies (see fixed
power supplies)
flash tnemory programming supply,
+12 voll, VI-138
Ttyback power supply for raden
deteclor, VI-531
foldback current lmiter, VI-477
frequency, power/frequency meter,
11-250
luses, V-477, V=478
#ain, power-gain test circuit, 60
MHz, -485
deneral-purpoese, 111-465
glitch detector, II-107, VI-178
grid leak detector, VI-179
high-voltage (see high-voltage
power supplies)
[C regulator protector, VI-483
increasing zener diede power
raling, 11-485
induclorless converter, V-456
inverters, [II-288, V407
12 VDC-to-117 VAC at 60 Hz, U1-
204
medivm, [-296
MOSFET, 111-255
isolated feedback, III-460
isolation transformer, V-349, v-470
laptop-computer supply, V-46:3
laser power supplies, IV-636, V251,
V-2b2, V-203, V-2p4, V1201, VI
295
level sensor, voltage level, 13770
logic regulator, 5-V, with eleclronic
shutdown, VI-496
loss detector, II-175
low-ripple, I-H00
low-voltage power cortroller, VI-
475
LTC, single supply, V-454
meters, power meters, 1-48Y
audio, [-188
frequency and, 11.250
of, [-10
SWR, I-16
memoty save on power-down, JI-
480, Iv-425
micropower bandgap reference, I1-
470
MICTORIOCESSOr PUWCT SURPlY
watchdog, 11-494
modem, power-line, 1I-82
monitors, 1-49]1-497, [1-493-405,
IV-422-427
backup supply, drop-in main-
activated, [V-424
balance monitor, 11-404
booster/tffer, boosls reference
cmrrent, 1V-425
circuit breaker, trip cireuit, 1V-423
connections monitor, ac lines,
510
fault monitor, single-supply, III-
495
menmory proleclor/supply
maonitor, 1V-425
polarity-protection relay, IV-427
SCR design, IV-385
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Lesl load, constant-current, TV-424
Lriac for ac-voltage control, TV-426
Lube amplifier, high-voltage
isolation, IV-426
vollage monitors (see vnitage
indicators/meters)
mulliple output, VI-506-513
mullivollage supply, V-458
NLE&U2 power supply options, VI-
484
negalive supply, V-457
nicon lamp driver, V-5-to 15-V
supplies, V-459
noise detector for ac circuits, V1o
184
nelebook computer tripla-output
supply, VI-B12
oulage light, line-operated, ili-415
overload indicator, V-478
overvoltage protection, 1-160, I-517,
11-96, I1-107, 11-496, 111-613, 1i-
762, IV-389, V-480
polarity protector, VI-h26
power saver for cornpiter monitors,
V1-139
power-down circuit, V-114
programmable, II-467
protection circuits, I-615, T-618, 11-
88, [I-107, 11174, TI-486, [1-496,
[[-497, HI-511, TV-425, TV-427
push-pull, 400V/60W, T1-473
quad power supply, VI-60R
rectifiers, V-164, V-466, v1-490
reference, I-694, VI-496
regulated power supplies
8-amp, for mobile equipent,
operation, 11-461
10 A, carrent and thermal
protection, 1-474
12-14'V, 34, TT-480
13.8-Vde, V-2 A, v-458
+10V 1-A, TTT-462
-15V 1-A, 111-463
split, [-492
regulator loss cutter, V-467
regulators (sec voltage regulators)
reset circuit, 11-366
short-cirenit protection cireuit, VI-
526
short-tester, V-313, V315
solar power supply, VI-311, VI-312
sotenoid driver, VI-202
split, I-512
stand-hy, non-volatile CMOS RAMSs,
I-477
subwoofer arnplificr power supply,
V-464
sun tracker power supply, VI-312
supply-voltage wonitor, V-320
switching power supplies, [I-460, II-
470, 111-458,.V-453, V-461, V-462,
V-468, V1-479
H50-W oll-line, 111-473
500 kHz swilching inverter for
12V, 11-474
complementary ac switch, [-879
control circuils, VI-494
pawer-switching circuit, [[-466
regulator, V1-484
SCR, for color TV receiver, VI-487
variable, 100-kHz multiple-cutpait,
111488
synchronous stepdown switching
regulalor, V-468
telecom converter -48 to +5 Vat. 1
A, V4T

teleprinter loop supply, Vi-447

three-rall, 111-466

lracking power supply, V1-485

Lransceiver supply for lab source,
VI-517

transformer tester, VI-354

undervoltage detector/monitor, 111-

762 IV-138

uninterruptible, I[I-462, ITT-477, V-
471

universal laboratory supply, ¥-450-
451

vacuum-tube amplifier supply, VI-

7

variable power supplies, 1487~
402, [V-414-421, VI-514-514
VFC supply, VI-611
0-to 12-V, V-1 A, V460
current seurce, voltage-
programmabhle, 1V-420
de supplies, TV-418
dual universal supply, 0-1o-50 V,
b A, IV-416-417
switch-selected fixed-vollage
supply, [V-419
switching regilator, low-power,
1I-450
switching, 100-kHz raultiple-
output, [I1-488
tracking preregulator, 111-492
transformerless supply, IV-420
universal 3-30V, 111-489
voltage regulators for variable
supplies, TI-490, 111-492, IV-421
vocal stripper power supply, VI-373
voltage donbler, V-480
voltage probes, V-474
voltage/current reguiztor, V-455
voltage regulators {see voltage
regulators)
valtage sensor, power supplies, IV-
423
voltage-level, LL-TT0
voltage sources
millivolt, zencrless, 1-698
programmable, 1-694
voltage splitter, [1-738
preamplifiers, 1-41, V-26
AGC audio preamp, V1-2
amateur TV, masl-mounted, VI-37
anfenna-preamp
HF broadband, V-36
loop antenna, V-38
VLF 60-ktlz, V-33
wideband, V-35
6-meter, 20 dB gain and low-NF,
11-5433
1000x, low-noise design, IV-37
audic prearmplifiers, [[-45
2- 1o B-walt, 11-461
B-W and, [1-454
audiv-to-UHF preamp, V-24
balanced microphone preamp, V-
77

bias supply, [V-318

dual zudio signal amplifiers, V-58

electret microphone preamp, V-21

equalized, for magnetie phono
cartridges, III-671

FET phono cartridge, VI-79

[requeney counter/divider, I11-128,
V24

GAasFET, rf amplifiers, V-516

general purpose, -84, IV-42

handitalkies, two-meter, 1-19

HF, rf amplifiers, V-H15



IF, 30 MHz, IV-460
IR photodiode prearnp, V-226
impedance-matching, [V-37
instrumentation amptilier, TV-230-
231
JFET, V-32
light-beam activaled alarm civenit,
V-13
LM382 phong, 1-91
low-noise, I-88, 1-661, 1V-41
magnetic, -89, 1-91, 111-37, T11-673,
Iv-35, IV-36
medical instrument, 1349
micrephone preamplifiers, 17-45, TV-
a7, Iv-42, V1-56
dynamic microphones, V1-76, V1-
79
low-impedance, IV-41
tone control for, [[-687
transformerless, unbalanced
input, 1-88
transformerless, unbalanced
input, [-88
microwave preamplificrs, 1V-316-
319
mixers, I-58
NAB preamplifiers
tape playback, professional, 1[-38
racord, III-673
two-pole, [II-673
nacilloscope preamplifiers, I1-437,
TI1-438, [V-230-231, V-423
oscilioscope/counter, [[I-438
power amplifier with preamp, 11-
451, I-454
read-head, automotive circuits, 111-
44
receiver interface, V-243
receiver preamp, VI-563
rf amplifiers, V-26, V-527
RIAA, 11-38, VI-80
RIAA/MNAB compensation, 1-92
saw-filter impedance-matching
preamp, V1222
stereo/phonograph preamps, [-01,
11-43, T1-45, V-584
low-noise, IV-36
magnetic, 1-91, 111-37, 111-673, IV-
a6, TV-36
tone control, V-n8l
tape, [-90
thermoconple instrumentation
arplifier, TI-283
Lone sontrol prearplifiers, 1-676
high-level, 1I-688
1C, 1673, T1T-657
mixer, [-58
transislor R1AA for magnetic phone
carlridges, VI-76
transmit/receive sequencer, V-348
UHF-TV, [I-546
ultra-low-leakage, [-38, II-7
VHF, [-660
VHE/ULL, o amplifiers, V-515
video, V-660
prerogulators
high-voltage power supplies, [II-480
tracking, 111-492
prescaiers
data circuits, low-frequency, IV-132
probe, amplifying, 650 MHz, [[-H02
preselectors, rf wnplifiers, TV-483, TV-
485, IV-484
pressure gauge, V-314
printer-error alarm, computer
circuits, [V-106

printers
port, VI-134-135
printer-error alarm, 1V-106
printer sentry, compuler circuits,
V-107-108
two-sheets in printer detector, TV-
136

probes (see also measurement/test
circuits), 11-498-504, 11[-496-503,
IV-428-434, V-473-474, Vi-H20-
524
100 K megaohm de, 1-824
a¢ hot wire, I-581
audible TTL, [-624
audio-rf signal tracer, 1527
capacitance buffer
low-input, [II-498
stahilized low-inpul, 111-502
clamp-on-current compensalor, -
Bl
CMOS logic, I-623
current probe amplifier, VI-521
FET, M-501
frequency probe, 8-digil, 100-MHz,
VI-h24
general purpose rf detector, [I-500
ground-noise, battery-powered, 1I-
H00
logic probes, 1-620, I-545, 1-526, 1V-
430-431, 1V-434, VI-B22, VI-5233
CMOS, [-523, 1-526, 111-499
digiral, III-457
four-way operation, [V-432
memaory-tester, installed, 1-825
single-1C) design, 1V-433
three-in-one test set: probe,
signal tracer. injector, IV-424
ricrovolt, [1-499
optical light probe, IV-369
pH, 1-399, 11-501, VI-623
prescaler, 650 MHz amplifying, II-
502
ol 1-623, T11-498, III-602, IV-433, VI-
522
single injector-tracer, [[-600
test, 4-220V, 11499
three-in-one test set: logic probe,
signal tracer, injector, IV-429
tone, digital IC testing, 11-504
universal test probe, IV-431

process control interface, 1-30, V-242,

V1-356
processor, CW signal, I-18
product detector, 1-223
progranunible amplifiers, 11-334, III-
504-508
differential-input, programmeable
gain, I-607
inverling, programmable-gain, 111
505
noninverling, programmable-gain,
111-505
precigion, digital
control/programming, [-506
progranunuble-gain, selectable
nput, 132
variable-gain, wide-range digital
control, LI-506
projectors (see photography-related
circuits}
protection circuits, 11-95-99, [I-509-
513, V-475-483, VI[.525-526
12 ns circuil breaker, 11-97
automatic power down, 11-68
cireuit breakers
ac, llI-512

electronic, high-speed, 11-96
compresser protector, 1V-351
crowhars, electronic, 11-99, 11L-510
ear protector, V-482
fuse, electronic, V-477
halogen lamp prolector, V-271
heater protector, servo-sensed, [11-

624
IC regulator protector, V1-483
line protectors, compuler V0, 3 pP,

Iv-101
line dropout detector, 11-88
line-voltage monitor, [I-511
loudspeaker proteclor, V-483
low-voltage power disconnector, [1-

o7
madem protector, V-479
maodem/fax protector for Lwo

coraputers, V-482
optical safety-circuit switch, v-404
overload indicagor, V-478
overvoltage protection, I-150, [-517,

I-96, I1-107, 11-496, 111-613, 111-

762, IV-389, V-480
password pretection for PCs, V-109
polarity protector, VI-526
polarity-protection relay for power

supplies, IV-427
power-down, [[-68
power-failure atarm, 11I-511
power-line connections monitur, ac,

T-510
power supply, 1497, [-518
relay fuse, ¥-478
reset-protection for computers, 1V-

100
reverse polarity protection for

battery pack, VI-30
sulety cireutt, V-477, V-481, V-483,

V-5EY
short-circuit protection cireuit, VI-

short-tester, V-313, V-316
shutdown circuits, V-537-5638
speaker protector, V-476, V-478
proximity sensors (see
motion/proximity detectors}
pscudorandom sequencer, I-301, V-

551 )

pulse circuits, TV-435-440
amplitude digcriminator, 111-366
coineidenees detector, 11-178
converters
height-to-width, T1-119
pulse train-to-sinusoid converters,
-122
counter, ring counter, low-power,
TV-437
delay, dual-cdge trigger, TII-147
deteclors
fast pulse, V-154
missing pulse, V-152
out-of-bounds pulse width, I11-158
sequence detector, 11-172
divider, non-integer programmable,
I-511, 111-226
extracior, square-wave, 11-584
generators, pulse generators, IT-
508-511, V-487-492, VI-699
2-ohm, 1II-231
300-V, NI-521
BB5-circuit, 1V-449
add-on, V-488
astable multivibrator, [I-510
basic, V-438
clock, 60 Hz, 1-102
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pulse circuits contined

CMOS short-pulse, 111-523

delayed-pulse, IT-H0%, TV-440, V-
402

divider, programmable, 11-511,
11-226

EEPROM, 5V-powered, [I1-99

[ree running, [V-438

interrupling pulse-generation, 1-
357

logic, [II-620, V-489
logie troubleshooting
applications, IV-436
one-shot, V-490-441
programumable, [-529
sawlooth-wave generator and,
HI-241, V-491
single, [I-175
Lrain, pulse train, IV-202
lransistorized, IV-437
Lwo-phase pulse, I-H32
unjjunction transistor design, 1-530
variable duty cycle, V-492
very low-duty-cycle, M-521
voitage-controller and, 111-524
wide-ranging, III-522
missing-pulse detector, V-152
modulators
pulse-position, 111-375
pulse-width {PWM), TITATA, 1V-
326, VI-406-4(H , VT-402
brightness controller, 11-307
control, microprocessor
selected, I[[-116
motor speed control, 1-876, 111-
389
multiplier circuit, 11-264, [11-214
out-of-hounds detector, 111-158
propoertional-controller cireuit,
m-21
serva amplifier, 111379
signal generator, VI-698
spead controlfencrgy-
recovering brake, 111-380
very short, rueasurcrnent
cireuit, 1336
oscillators
fast, low-duty-cycle, [V-439
starc-stop, stable design, 1V-438
pulse-position woduwlator, II-375
stretchers, 1V-440
negative pulse stretcher, IV-436
posifive pulse stretcher, [V-438
supply circuil, high-voltage power
supplies, 1V-412
widdth, oul-ol-bounds pulse width
detector, 11-158
pulse-dialing lelephone, II-610
pulse-width-{o-voltage converters,
ME-117
pulse-width modulators (PWM), 1T
376, 1V-326
brightness controller, 111-307

control, microprocessor selected, il-
116

maotor speed control, [I-376, TTI-388
multiplier eircuit, 11-264, 111-214
out-ol-bounds detector, III-158
proportional-controller cireuit, 7-21
servo amplifier, 111-379
speed cunLrolfenergv‘recnvermg
brake, [I1-380
very shorl, measurement, circuit,
11-336
pulse/tone dialer, single-chip, T1T-603
pulsers, laser diode, I1-311
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pump circuits
centroller, single chip, 11-247
positive input/nagative cutput
charge, [-118
push switch, cn/off, electronic, 11558
push-pull amplifier, Darlington, V-22
push-pull power supply, 400V/B0W,
i1-473
pushbutton power control switch, V-
388

PUT circuits
battery chargers, ITTI-b4
long-duration timer, IT-675
pyremeter, I-664, VI-640

Q
Q-mullipliers
audin, II-20
transistorized, [-566
QRP circujts
18-, V-21-, V-24-MHz, V-644-645,
CW (ransmitter, I11-650
sidelone generator/code pracrice
oscillators, V-102
SWR. bridge, 111-336
Lransmitters, V-10-M DSB with
VIrQ, V-63%-639
quad op amp, simultaneous wavelorm
generator using, 11-2659
quadrature ogcillators, [1-428, VI-444
square-wave generator, I1T-685
quiz master game, V-210

R

race-car molor/crash sound
generator, HI-578
radar delectors, [-518-520, TV-441-
442, VI-527-529
one-chip, I[I-51%
radar guns, VI-628, VI-h29
radialion detectors, IT-H12.517, VI-
530-533
alarm, [1-4
(reiger counter, VI-531
“ion detector, V1-533
micropower, 11-513
moritor, wideband, I-h35
photormultiplier outpntgating
circuit, II-516
pocket-sized Geiger counter, [1-514
radon detector, VI-531, VI-532-533
radio/rf circuirs
alrcraft receiver, YI-11%- 1o 13368~
MHz, VI-542
AM and shortwave, ac/de vagnmm-
fhe design, V1-536-5137
AM radio
broadeast trap, SW receivers, VI-
214
car-radio to shorl-wave radio
converter, [V-500
demodulator, 11-160
detector, 455-kilz, VI-184
power amplilier, 1-77
receivers, 11-625, 111-81, [I1-529,
11635, TV-455, V4486, V-407,
V-602, VI-535, VI-547, VI-550,
VI-662
AM/FM raclio
clock radio, 1-543
squeleh circuit, 11-547, 171-1
amatenr radio, [1-260, IT1-534, 111-
A75
transceiver relay inlerface, V-243
VFG, V52

voice identifier, V-850
amplifiers (see vf amplifiors)
anticue radio de {ilament power

supply, ¥-470
antenna, remate tuned aclive HF,

VI-62
attenuator, IV-322
automotive receiver, [1-5256
beat-frequency oacillator, V452
bridge, b0-MHz hridge circuil, V-308
broadband, I1-546, 111-264, IV-271
broadband antenma, mirdalure (3 to

30 MHz), VI-63
burst generators, portable, II-73
calibrator, V-298
carrier-current circuits, 11-78-82

IV-91-53

AM receiver, T-81

audio transmitter, 111-79

data receiver, IV-43

data transmitter, 1V-92

FM recaiver, 111-80

intercom, [-146

power-line modern, H1-82

receivers, 1 141, 1-143, 1-145, [- 146

relay, 1-h7h, IV-461

remote contral, 1-146

transmiters, I-144

G, I-145
on/off 200 kllz line, 1-142
clock, I-542
converters, 1V-494-501
ATV receiver/converter, 420
MHz, low-noise, [V-498, IV-497

HF receiver, VI-147

radio beacon converter, IV-495

receiver [requency-converter

stage, 1V-490

SW converter for AM car radio,

1V-500

two-meter, 1V-498

up-converter, TVRO subearrier

receplion, IV-601

VLI converter, IV-497, V-121

WWV converter, VI-147

WWYV for car radio, V-11%

WWYV-10-SW converter, IV-499

receiving converter, 220 MHz,

IV-50{)
cryslal radio detector, VI-182
cryslal radio receiver, V1-549, Vi-

BT
current readout, I-22
CW-related circuits

filler, [1-219, VI-405

identifier, VI-108

_keying circuits, TV-244

offset indicator, TV-213

SSB/CW prochiet detector, [V-139

S5B/CW recelver, V-490

transceiver, i W, 80-meter, IV-802

transmitters, M-678, 111-684, {[{-

686, IMI-690, TV-A01, VI-664
detector, II-500, TV-433
direction finder, radin signals, 1v-

148-149

polar-to-recrangle converter/

pattern generator, V-288
double-sideband supgressed-carrier

moedulator, TT-377

1f, 11-366
FM radio, [-h45

5V, 1-233

12V, 1233

autornebile radio diversily

antenna, VI-64-65



bug, V1-662
clock radio, AM/EM, 1-543
demodulators, 1-544, 11189, TI-161
high frequency oscillator, VI-456
117 arnplifier with guadrature
delector, TV sound TF, T-680
generators, low-fraquency, T-228
receivers, 12338, 1-361, 111-80, 111-
530, 11I-532, V-495
scanner noise squelch, V1-578
snooper, 1-680)
speakers, remote, cartier-current
syster, 1-140
squeich cireuit for AM, 1-H47
sleren demodulation system, I-
544, 11-158
stereo transmitter, VI-662
FM/AM receiver, VI-541
Lransmitters, 1361, T-367, T-081,
11-417, {II-687-688, TV-228
tuner, 1-233, ITT-624
wireless microphone, TTT-682, 111-
685, [11-691
senie, [1-431
input circuits, NEGOZ, V-500
LI* filter for shortwave receiver, VI-
212
line sampler, VI-30
linearized RF detector, VI-17T
measurement/test circnits, [V-207-
30, V412
modulators, 1436, T-369, 111-372,
11374
Morse code circnits, VI-404-109
vscillators, 1-660-6b1, -572, V-528-
532, VI-448-459
5 MLz VFO, T-651
6.5 Mliz VIO, V-529
hamt band VIO, V-520
NE80Z cireult, V-531
Lransinitter and, 27 MHz and 49
MHz, 1-680
rigenie, 11-421
shorlwave pulsed-marker, V-532
sidetone, ri-powered, 1-24
signal generator, V-530-531
oulpul indicator, V-299
NB FM audio amplilier, V1-74
power melers, [-16, 1-24, [1-332, TTT-
592
portable-radio 3 V fixed power
supplies, [V-347
probe, -523, M-448, 1-502, VI-522
radio beacon converler, 1V-495
radio-commercial zapper, V-334-
335
RC receiver relay interface, VI-551
receivers, VI-551
AM radio, II-525, 111-81, 11I-529,
TI-635, TV-455, V-406, V-407,
V-602
aitomotive receiver, [[-526
carrier-current, I-141, I-143, I-
145, 1146
(W/S85B recetver, V-80- and 40-
meter, V-499
data receiver, [V-93
FM radio, 1-338, I-361, III-80, III-
b2y, TI1-530, 11-532, V-495
old-time design, IV-453
radio-control receiver/decoder, 1-
a74
reflex radio receiver, IV-452
regenerative receiver, VI-501, VI-
554, VI-6356
short-wave receiver, TV-454

signal-strength indicator, V1-260
superheterodyne, V-503
TRF radio receiver, [V-452
VLF whistler, V-456
RF power meter, VI-348
scanner silencer circuil, V1-879
scanners, VI-578-580
series/shuni PIN-diode RF switeh,
VI-610
shortwave lransmissions
converbers, [11-114, [V-500
FET booster, I-661
interference lrap, V1-214
receiver, [V-454, V1-540, V1-543,
VI-544-545, VI-546, VI-H566
single-sideband (SS13)
communications
CW/SSB product dotector, [V-139
driver, low-distortion 1.6 to 30
MHez, 11-53%
generators, IV-423
transmitter, ervstal-controtled
LO for, 11-142
signal tracer probe, audio, 627
sniffer, [I-210
static deteclor, [V-276
superhelerodyne receivers, V-503,
VI-553
swilch, low-cost, 11-361
tuned coligeLor oscillutor, for AM
broadcast band, VI-454
two-band radio receiver, VI-548
UHF scanncr aclive anterna, VI-67
vacuum tube amplifier, V1-72-73,
VI-87
variometer-luned radio receiver, V1-
B57
VHF/UHF diede swilch, 1V-544
VLF converter, V-121
VLF whistler recciver, V-496
voltmeter, [-405, 1II-7T66
waveglides, VI-703-704
WWYV converter for car radio, V-119
WWV receiver, VI-538-5639, VI-B58
radio beacon converter, IV-495
radio-control circuits (see also
remete conirol devices)
audio oscillator, [[-567, II-5655
maotor speed controiler, I-576
phase sequence reversal by, I1-438
nacillator, emitter-coupled, 11-266
receiver/decoder, I-674
single-8CR design, [1-261
radinactivity (see radiation
detectors)
radon detector, VI-531, VI-532-533
rain warning haeper, 1I-244, IV-189
RAM, non-volatile CMOS, stand-by
power supply, T-477
ramp generators, 1-640, [1-521-523,
11-625-627, 1¥-443-447
555 bused, V-203
wecurate, 1M-526
inlegrator, initial condition reset,
11-627
tinear, (1-270
variable reset level, TI-267
voltage-controlled, TI-523
runging system, ultrasonic, 111-697
RC decade box, V-284.295
RC receiver relay interface, VI-551
reaclion timer, [V-204
read-head pre-amplifier, automative
cireuits, 111-44
readback system, disc/tape phase
modulated, -89

receivers, (see also transceivers;
transmitters), [-524-526, -
H28-535, IV-148-460, V-493-503,
VI-534-h58
50 kHz FM optical transmitter, I-
361
acoustic-sound receiver, IV-311
ACC gystem for CA3028 IF
amplifier, [V-458
aircraff, receiver, 118- to 1.36-MHz,
VI-542
AM and shortwave, ac/dc vacuur-
tube design, VI-536-537
AM radio, I[-525, 1II-81, I1I-629, Il
5an, IV-456b, V-408, V-407, V-502,
VI-535, VI-B47, VI-5660, VI-562
mixer/oscillator for AM receivers,
V412
analog, 1-545
ATV rf receiver/converter, 420
MHz, low-nocise, [V-496, [V-447
audio circuit, IV-31
audio receiver, visible-light, V-261
automotive radio, [[-5256
automobile gecurity syslcm, V1-11
baby-alert, carrier-current circuit,
V-96
bandswitching for receiver, VI-608
carrier current, I-141, 1-14:3, 1-145,
[-146
carrier-operated relay (COR), 1V-
161
CMOS line, 1-546
crystal radio receiver, VI-549, VI-
LT
CW/85B receiver, 80- and 40-meter,
V-499
data receiver/message demuxcer,
three-wire design, IV-130
direct-conversion receiver
7-MHz receiver, VI-153
160-t0-20 meters, V-494
hurmn reducer, V-347
NEG0Z, V-498
fiheroptic receivers
10 MHz, 11-20G5
Hi-Mb/s, TH-181
data receiver, VI-207
digital, =178 .
high-sensitivity, 3(nW, 1-270
low-cost, 100-M bawd rate, [1I-
180
low-sensitivity, 300mW, T-271
very high-sensitivity, Inw-speed
anW, -269
FM radio, 1338, 1361, 111-80, TIT-
529, [11-5430, 1LI-532, V-495
light-bearn, V-2569
FM/AM receiver, V1-541
FSK data, IlI-533
ham-band, [11-534
“Rum reducer, V-347
IF amplificr/reccivers, 1V-469, TV-
460
infrared, [-342, 11-292, H1-274, TV-
280-221, V226, V-220, VI-288,
V1-204
audible-oulput, VI-271
data-link, VI-2656 .
FM andio reception, VI-Z268
headphones, V-227
single-tone, VI-270
wireless headphenes, VI-269
laser, [V-368, VI-202
LED lightwave communications, V1-
310
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receivers corltrued

LF receiver, IV-451

line-type, 1532, 11-634, V-497, VI-
542, V1-552

MIDT vecelver, V-302

modulated-light receiver, V-258

monitar for, 11-526

optical receivers, 1364, 11-418, [V-
367, IV-368

photoreceiver, oplimized respense,
V405

PLI/BC, [1-526

preanp for receiver, VI-b53

preamp receiver interface, V-243

P control from receiver audio,
VI-28

pulse-fregquency modulated, [V-453

radio control, decoder and, 1-574

radiv (see radio/rf circuits,
receivers)

RC receiver relay interface, VI-551

recelver/scanner preamp with MAR-

1 MMIC, V-521
regeneralive reciver, [V-449, VI-
A0, VI-354, V1I-555
remote-control, V-510, V.513
rf input. circuils, NEGOZ, V-500
RS-232 to CMOS, TI-102
8 meter, V-311
shortwave receiver, [V-454, V-501,
V1-540), VI-666
AM broadeast trap, VI-214
nine-band, VI-544-545
regencrative, one-tube, VI-546
toroidad core TRE, VI-543
noise limiter cireuit, V-397
signal-receplion alarm, HI-270
signal-strength indicator; VI-260
3513 receiver, VI-80-meter, VI-29
superheterodyne receiver, [V-450)-
461, V-804, V1-21, VI-553
tracer, 111-357
transceiver mmemory backup, VI-28
transceiver T/R switch, VI-610
transceiver/mixer, HF, [V-457
transmit/reecive sequencer,
premnp, V-348
twisted-pair video driverfreceiver
circut, VI-682
two-band radio receiver, VI-548
ultrasonic, 11-698, II-705, VI-070
OW transeciver, VI-669
ultrasound, Deppler, V-651

variomeler-luncd radio receiver, VI-

5A7T
VLE whisller receiver, V-496
video line receiver, VI-550
voice-communication, light-heam,
V-260
WWV receiver, VI-538-539, VI-558
zero conler indicator for FM, 1-338
recording devices (see tape-recorder
circuils)
rectangular-Lo-triangular waveform
converier, [V-116-117
rectifiers, 11-527-528, 111-536-537
absolute value, ideal full wave, II-
528
averaging filler, 1-229
briclge rectifier, fixed power
supplies, [V-398
broadband ac aclive, IV-271
dindeless, precision, [I-537, V-466
dual voltage-rectifier, V-464
[ull-wave rectifiers, [V-328, IV-050
averaging filter, V-191
op anp design, V-403
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absolute value, 11-528
precision, 1234, H1-537
silicor-controlled (SCR), I-375
half-wave, [-228, [-230, [[-528, V-
325
high-impedance precision, for ac/de
converter, [-164

inverter/rectilier, programmable op-

amp design, 1V-364
low-torward-drop, [11-471
precision, [-422
silicon-controlled roctifiers (SCR)
annunciator, self-interrupting
losadd, 1V-9
chaser, [11-197
crowbar, 11-496
lashers, 11-230, IT1-195, [1I-197
flip-fop, 11-367
gasfsmoke detector, [II-251
preregulator, 11-482
proximily akarm, 11-517
radio controel using, [[-361
relaxation flasher, 11-230
relaxation oscillator, TI-430
ring counter, 1195
tester, 111-344
time delay cireuil with, 11-870
friggering scrics, optically
coupled, 111-411
synchroncus, phase detector-
selector/balanced modulator, IIT-
44]
two -phiase, V1490
redial, electronic lelephone set with,
111606
reference vollages, 1606, 111-773-775,
V1339, VI-550-560
* 10V, 1696
*3V, 1686
5V, 1695
0- to 20 V power, 1-694, [-659
amplificr, [-36
hipolar outpul, precision, I-698
dual-outpul regulater, VI-564
dual tracking vollage, precisien, 1-
high stability, 1-696
logic coutrol for 78xx regulater, VI-
HhZ
low-dropout, VI-566
low-nuise buffered, precision, I-698
low-noise regulator, VI-565
Tow-power regulator, 1-605
low-viltage reference, VI-560
micropower 10 V., precision, [-697
negative reference, VI-331, VI-560
positive vollage, VI-560, VI-587
powoer supply, buffered, VI-496
ripple reduction in switching
regulalor, VI-E65
square wave voltage, precision, [-

standard ccll replacement,
precision, [-699
step-down regulalor, VI-H63
surface-mount regulator, 3.3-V 1-A,
V1662
surface-rnount swilching regulator,
5-to 3.48-V, VIE6T
switching regulator, VI-56T
vartable-vollage reference source,
1v-327
reference clock, three phase clock
{romm, 11-101
reflection oscillator, crvstai-
controlled, 1I1-136
rellectomeler, [-16

regenerative receiver, one-lrangistor
design, TV-449
registers, shift, 1-380, 11-366
driver, [-418
regulaterdt power supplics
8-amp, [1-461
10-amp, current/thermeal
protection, 1-474
12 t0 14V at 3 A, 11480
13.8-Vde, 2 A, V454
+1BV 1 A, 111462
-15Y 1-A, 1463
split power supplics, [-492
regnlators (see vollage regulators)
Reinartz oscillator, VI-450
rejection lilter, I-283
relaxation oscillator, 433, [V-376
velays, 11-529-532, 1V-471-475, V-504-
507, VI-568-572
ac relays
opitically coupled, 1-418
photon coupler in, 11-412
solid-state latching, TV-472
AN cireuit relsy, VI-316
andin operated, 1-608
hattery-charger relay fuse, V-88
hidirectional switch, [V-472
capacitance, 1-130
carrier-nperated relays (COR), I-
Hth, V461
dark-activated, V-275, V-279
de larching, optically coupled, ITI-
417
delay-off circuit, IV-473
drivers, 1-264
delay and controls elosure time,
TT-630
with strobe, F266
fast turn-on/delayed off relay, VI-
By
fuse, V-478
high-impedance driver, VI-S70
latching relay alann cireuit, VI-560
latching relay driver, VI-57(, VI-571
latching relay, solid-stale, V-505
light-beam operated on/off, 1-366
light-sensitive, V-278, VI-304
low-frequency relay, VI-872
momentary relay, VI-564
monostable relay, low-consumption
design, 1V-473
optically coupled relays
ac, IM-418
de: Tatching, 111417
optoisolator, 1V-475
OR cireuit relay, VI-316
polarity-protection for power
supplies, [V-427
pulser, sensor-activated, V-507
rf-actuated, 11-270
ringer, telephone, -G08
solid-state relays, 1368, 1-623, II-
408, 111-413, 1I-418, 111-569-570,
IV-472 1V-474, V-505-606
sound achated, 1-576, I-610
telephone, 1-631
thermostatic relay circuil, VI-643,
VI-645
time delayed, 1-219, 1663, V-506
tone actuated, 1-576
TR circuit, 1i-632
fransistor relay driver, VI-571
triac, contact protection, [1-531
remate control devices (see also
infrared; radio-control circuits),
IV-324, v-229, V-508-513
AR switch, IR-controlled, V-225



ac switch hookuap, two-way, V-502

amplificr, 1-99

analyzer, V-224

carrier, current, 1-146

drop-village recovery lor long-line
systerns, 1V-32K

extender, infrared, [V-227, V-512

fax/Lelephone switeh, iV-H52-653

infrarcd circuit, 1V-224

IR TV remole relay, V1-263

larnp or gppliance, 1-370

loudspeaker via IR link, 14343

loop transmitler for, {I-70

on/off swilch, 1-577

receiver, V-510, V-513

ringer, telephone, [1-614

sensor, temperature lransducer, 1-
649

servo system, [-576

telephone monitor, 11-626

temperature sensor, 11-654

tester, infrarcd, 1V-228, V-228, V-229

thermomeler, 11-659

transmilier, ¥V-50Y, v-513
interface, V611
ultrasonic, V-512

{ransmilier/receiver, 11, 342

ullrasonic tester, V1-667

video swilch, 1V-619-621

repealers

becper, 1-19

Europcan-type, tone burst
generator-for, H1-74

fiberoptic link, 1-270

lelephone, H1-607

reset, butlons

child-proof computer reset, 1V-107

power-on, 1{-366

prolection circuil {or computer, 1V-

resistance condroller, digital, ¥V-159
regislance/conlinuity testers, 1-550, 1-
551, 11-342, 1-5:33, 11-534, 11-535,
[1-345, [[1-538-540), [V-2R7, [V-
289, IV-205, IV-208
andible, V-317
audible, adjustable, 11-536
buzz box, 1-561
cable Lester, 111-539
four-wire hookup, VI-335
lalehing design, 1V-295
low-resislance circuits, ¥-319
ohmumeler, linear, 11-540
PCB, 11-342 11-535
ratiometric, I-550
RO decade box, V-294-295
resislange-ratio detector, 11342
single chip checker, 11-534
visual, V-293
resistance-lo-vollage converter, [-
161-162
resisiors
muliiplicr, 11-19%
programmable, VI-363
sirnulator, 100-W, VI-352
voltage-controlied, 1-422
resonator esciltator, varactor tuned
10 Mz ceramic, 11-141
restorer, video de, [1-723
reverh effect
analog delay line, 1V-21
slereo system, 1-602, 1-606
reversing maotor drive, de control
signal, [{-381
rf arnplifiers, 11-537-549, [[[-542-547,
IV-476-493, V-514-527

1W, 2.3 (GHg, 1I-640
2 metar FET power amplifier, V-521
10°W, 225-400 MHz, TI-h48
10-W, 10-M linear amplifier, V-320
10 dB-gain, TM-H43
2. to 30 MHz, TT-544
4 W amp for 900 MHz, TV-477
W 150-MHz, [II-540
5W power, II-H42
G-meter kilowatt, 11-545
G-meter preamp, 20 1B gain and
low-NF, 1I-543
20-W, V-1206-MHz mndule, V-522
20-W, V450 MHz amplifier, V-519
A0-MHe, V-519
80 W 225-400 MHz, TI-547
125 W, 150 MHy, TI-544
455-kHz [F amplifier, V-522, V-H23,
¥-5H24
500 MHz, 1V-491
1,296 MHz, TV-486
1,500 W, TV-478-479
AGC,wideband adjustable, 1T1-545
broadcast-band, 13546, 111-204, TV-
87, V516, V-5IT
buffer amplifier with medilator, 1V-
450
cascode amplifier, IV-488
common-gate, 450-MHz, TT1-544
GAasFET preamplifier, V-435 MHz,
V-h16
HF preamplifier, V-H15
HF/VHF switchable active antenna,
V-n24
IF amplifier, 455-kHz, V-522, V-h23,
V-p24
IF amplifiers, 43-MHz, crystal filter,
Va7
isolation amplifter, 11-547
LG tuned, V-52hH
linear amplifiers, IV-480-480, V-020
low-distortion 1.6 to 30 MHz 35B
driver, 1I-538
meter-driver, 1-MHz, I1I-H45
MOSFET rf-amp stage, dual-gate,
IV-489
power amplifiers, I-659, 11542, I11-
542, V-b17, V-519, V-621, V-b2b
preamplifiers, V-H27
GasFRET, V-516
HF, V-515
receiver/scanner with MAR-1
MMIC, V-521
VHFATHF, V-515
widehand, V-526
preselactors, [IV-483, IV-185, 1V-488
receiver/scanner preamp with MAR-
1 MMIC, V-521
TV sonnd system, V-519
[THF, V-523
LHF-TV amp/preamp, 546, 1V-
482, TV-483
VHF/UHF preamplifier, V-515
wideband amplifiers, [V-479, TV-
489, IV-490-493, V-518, V-519, V-
126
rf circaits (see radio/rf)
RGB video amplifier, II-709
RGB-composite video signal
converter, [II-714
RGR-t0-NTSC converter, [V-611
RIAA line amplifier/driver, VI-77
RIAA preamp, VI-80
ring counters
20 kHz, II-136
incancdescent lamps, I-301

low-cost, [-301
pulse circuit, low-power, [V-437
SCR, III-195
variable timing, I11-134
ring launcher game, electromagnetic,
V-20%
ring-around flasher, LED, III-194
ringers, telephone, I-628, IV-556
detectors, ring detectors, [-634, I-
635, 111611, III-619
extension-phone ringer, [V-661
high-isclation, 1I-625
multi-tone, remote programmable,
I1-634
mmusical, II-619
piezoelectrie, I-636
phig-in, remote, II-627
relay, 111-606
remote, 11-627, TMI-614, IV-562
_gilencer, IV-BET
tone, 1-627. 1-628, 11-630, 11631
ripple suppressor, IV-175
fixed power supplies, IV-396
RLC cscillator, I11-423
rms-to-de converter; I-167, [I-129
thermal, 50-MHz, 1I}-117
true rms detector, [-228
road ice alarm, 1I-67
robots
eyes for, I[-327
light-seeking, 11-325
rocket launcher, II-368
RON compensator, op amp and
analog, switch, VI-605
room monitor, V-369
root extractor, V-207, V-288
rotation detector, [[-283
roulette, electronic, [1-276, IV-205
RS-232 interface
CMOS-10, line receiver, [II-102
dataselector, automatic, 11}-97
drive circuit, low-power, [II-175
LED circuit, I[II-103
line-driven CMCS circuits, IV-104
RS flip-flop, [-395
RTD signal conditioners
5V powered linearized platinum, 1I-
650
precision, linearized platinum, 11—
63

RTTY machines, fixed current
supply, [V-400

rumble filters, I1I-192, I1I-660, IV-175
LM387 in, [-297
turntable, IV-17(

s

§ meter, I1I-342, V-211
safe area protection, power amplifier
with, II-459
safaty circuits (see protection
circuits)
safery flare, -G08
Sallen-Key filters
10 kHz. 1-279
600 Hz bandpass, [-291
current driven, V-189
high pass, VI-209
low pass, V1-221
active, [V-1T77
equal component, I-262
second order, I-28%
sample-and-held circuits, I-680, 11-
552-659, I11-548-663, [V-502-503,
V-h33-534, VI-BT3-574
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satnple-and-hold cireuits corténued
x 1060, I-589
4-channel micropower, VI-574
charge-compensated, 11-559
de-glitch circuit, V-336-337
fast and preeise, 11-556
filtered, 111-530
frequency-to-vollage conversion,
V-194
high-wecuracy, 590
high-performance, I-657
Frigh-specd, 1-587-588, 1-590, 111-550
infinite, 11-558
inverling, 111-552
JRET, I-586
low-drilt, 1-586, VI-574
olTset adjustiment for, [-588
three-channel multiplexer with, ITT-
A96
track-and-hold, 111-549, [11-552
sampling circuit
hour time: delay, 11-668
RF line sampler/coupler, VI-30
saturated standard ccll amplifier, I-
206
saw filter,-V1-222
sawtooth waves, YI-575-577
converter, IV-114
generator, VI-577
digital design, 1V-444, TV-446, V-491
linear, V-205
ap amp design, VI-676, VI-T01
triggerad, V-204
oscillator modulator, 111-373
pulse generator and, I1-241
SCA (see silicon-conirolled
ampliliers)
scale, [-398, ¥-2497
scaler, inverse, 1-422
seanner, bar codes, 111-363
seanhers, YVI-678-530
FM scanner noise squeleh, VI-579
receiver/scanner preamp with MAR-
1 MMIC, V-521
shiorwave converler for seanner,
VI-580
silencer cireuil, ¥1-579
Schmitt triggers, [-603, 11I-153, V-356
crystal oscillator, I-181
progranunable hysteresis, I-592
square-wave generators, V-569, V.
570
Lransistorized, V-204
TTL-compatible, II-111
wilhout hysteresis, [-532
SCR (see silicon-controlled rectifiers)
scramblers, audio (see also sound
generators; voice-activated
circuits), [V-25-27
telephone, II-618
voice scrambler/descrambler, IV-26,
[v-27
scratch filters, IMT-189, TV.175
LM287 in, [-297
second-audio program (SAP)
adapter, III-142
security cirenits {see alarms;
annuneiatoes)
sense-of-slope filt meter, 11-664
sensors (see alavms; Muid and
maisture; light controlled
cireuits; mation/proximity
detectors; motor conlral circuits:
smaoke detectors; speed
comtrollers; terperalure-relased
cireuits; fone controls)
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sequence indicalor, phase, [-476
seqguencer, pscudorandom, [11-301
sequential Nashers, 1-109, 11-233, 11-
238
sequential Limer, 11-651
series connectors, lelephone, I1-609
servo amplilicrs (see alse motor
controls}, 1-452
400 Hz, T1-386
bridge type ac, 1-4568
de, 1-487
moter drive amplifier, [1-384
servo systems (see also motor
controls)
controller, 111-184
remate control, 575
shaper, sine wave, 11-561
shielding, shield/line driver, high-
speed, VI-198
shift registers, 1380, [1.266
driver for, 1-418
shifrer, phase (see phase)
ship siren, electronic, [I-676
short-cireuit, prool lamp driver, 11-310
short-circuit protection cireuit, VI-526
short-cireinit tester/sensor, V-315
computer remote data Hnes, IV-102
for 120-V equipment, ¥-313
shortwave transmissions
AM broadeast trap, VI-214
AM and shortwave, ac/de vacuum-
tihe design, VI-A36-537
converters, H-114, IV-BOG, V-118
FET booster, 1-561
IF filter for shortwave recciver, VI-
212
interference trap, V1-214
noise limiter, V-897
notch filter, V-185
pulsed marker rf oscillator, V-532
recetver, [V-454, V-501, VI-540, VI-
543, V1-544-545, VI-546, VI-B5G
scanner converted (o shortwave,
Y1880
shont, multimeter shunt, TV-293
shutdown circuils (see protection
circuits )
shutolf, automatic, batterv-powered
projects, [I-61
shutter speed Lester, 1-445
sidetone oscillalor, rf-powered, [-24
signul amplifiers, audio, II-41-47, TV-
A4-49
signal atlcnuater, analog,
microprocessor-controlled, TTT-
101
signal combiner, [I1-368
signal conditioners, TV-649
5V powered linearized platinum
RTD, II-660
bridge cireuir, strain gauge, (-85
linearized RTD, precision design, -
639
LVDT, 11-338
thermally stabilized PIN
photodiode, 11-330
signal distribution amplifier, 1.39
signal generators (see function
generators; soune generutors;
waveform generators)
signal injectors, 1M-504 555
signal sources, crystal-controlled, 11-
143
signal tracer, V-309
three-in-one set: logic probe, signal
lracer, injector, [V-429

signal-strength meters, I1-342, TV-
166

silent alarm, V-16
silicon-controlled armplifiers (SCA),
V-035
converter, VI-151
decoder, 1-214, 11-166, 11-170
demodulator, [1-154, 111-565
MPX-SCA recelver, 111530
subearrier adapter for FM tuners,
V-h36
silicon-contradled rectifiers (SCR)
cirenits
annunciator, sell-interrupling load,
V-9
chaser, I1-197
crowhar, 11-496
flashers, T1-230, 111-147
chaser, 11[-197
relaxation, 11-230
ring counter, -195
flip-flap, TT-367
full-wave, 1-375
pag/smioke detactor, 111-251
inverter and trigger, V1-283
moter speed controller, V1-414
preregulator, IT-482
proxmity alarm, TTT 517
radio confral using, [1-361
relaxation flasher, 11-230
relaxation oscillator, ill-430
ring counter, 11-195
tester, M1-344
time delay cirenit with, 1670
triggering series, optically coupled,
m-411
switching supply [or color TV, VI-
AR7
simulators
EKG, thrae chip, 11-850
induetor, 11-199
VOR signals, IV-273
sine approximation circuil, VI-323
gine-tn-snuare wave converter, IV-
120, V 124, V-125, V-569, V-570
sine-wave converter, VI-150
sine-wave descrambler, 11.163
sine-wave gencrators, IV-505, IV-5006,
V-p42, V-5, V-544, VI-T01
0 Hz, 1V-507
audio, 11-564
battery powered, V-541
L0, IV-507
LI, 1V-hiZ
oscillator, audio, I11-559
syuare-wave and, tunable oscillator,
111-232
VLE audio tone; [V-508
sing-wave inverter, VI-285
sinc-wave oscillators, I-65, 11-560-570,
li1-556-659, HI-660, TV-H04-513,
V-630-544, VI-433
1-Hz, V-542
60-Hz, highly stable, V-540
565 used as RC audio nseillator, 1i-
56T
adjustable, [I-668
audio, 1I-562, II-564, TTT-508
generators (see sine-wave
fenerators)
LC eacillator, low-frequency, 1V-309
logic gate design, VI-440)
low-distortion, T-561, VI-436
one-1C audio generator, 11-664
phase-shift, audio ranging, 1V-510
programmable-frequency, 11-424



relaxalion, wodified WIT {for clean
audio sinusoids, 11-666

shaper, sine-wave, ¥-5471

sine wave shaper, 11-561

sine/square wave 1TTL oscillator, TV-

two-lone generator, [-570

wwo-transistor design, TV-508

variable, super Jow-distortion, TT1-
5564

very-low-distortion degign, TV-H09

voltage-controlled oscillator, V-666

Wicn-bridge, 1 66, [-70, 11666, TV-
510, IV-513, V-H41

gine-wave output buffer amplifier, 1-

sine/zosine generator, 1260, VI-700
sine/sguare wave converter, [-170
sine/square wave oscillaturs, 1-65
easily tuned, 1-65
TTL design, 1V-512
tunabie, 1232
sinks (see currenl sources)
single-pulse generator, 11-175
single-sideband (SS13)
communicalions
CW/SSD product detector, 1V-139
CW/SSD reeciver, ¥-499
driver, low-dislortion 1.6 to 30 MHz,
II-638
generators, [vV-323
receiver, #0-meter, VE29
transmitter, erystal-conlrolled LO
for, II-142
sirens (see also alarms; sound
generators), [-606, [1-571, 111-560-
568
alarm using, II-572, II-573, IV-514-
517, VI-b81-684
7400, [[-675
adjustable-rate programmable-
fraquency, 11I-563
electronie, 11I-666, IV-515, [V-B17.
VI-583
fire giren, VI-b82
generator for, 11-672
hee-haw, II-578, [[[-565
high-power, II-678
linear I3, 11I-564
low-cost design, IV-bLG
multifimetion system for, 11-574
ship, electronic, =076
aomic defender, IV-324
Star Trek red alert, I[-577
tome generator, 11573
toy, 1T-675
1L gates in, TI-R76
two-state, [I1-567
two-tone, [IT-H62, VI-hi4
varying frequency warning alarm,
11-579
wailing, 111-563, VI-583
warble-tone siren, IV-815, TV-A16,
V-7, VI-582
whooper, IV-517
yelp oscillater, 1-577, TI1-562
slave-Nash trigger, TV-380, TV-382
slide tirner, [11-444, TTT-448
slot machineg, electronic, ¥-211
smartl clutch, auto air conditioner, TTT-

smoke dlaries and detectors, TI-278,
LI-246-253
gas, 332
ionizalion chamber, 1-332-333
linc-operated, 1V-1440

nperated ionization type, 1-506
phatoelectrie, I-595, [-596
sniffers
heat, electronic, III-627
rf, II-210
snooper, FM, III-680
sorket debugger, coprocessor, I11-104
soil heater for plants, V-333
soil moisture meter, I11I-208
golar circuits (see
photediode/photoelectric
cirelits)
soldering iron control, V-327
soldering station, IR-controlled, IV-225
solenaid drivers, [-265, [1I-671-673,
VI-202
12-V latch, MMI-572
hnid-current, limiter, [1I-573
power-consumption limiter, 111-672
solid-stafre devices
ac relay, [II-570
electric fence charger, 11-203
high-voltage supply, remote
adjustable, 111-486
light, sources, V-282-283
load-sensing switch, V-285
relays, III-G6S-570, V-505, V-606
stepping switch, 11612
awitch, line-activated, telephone,
M-617
sonic. defender, TV-324
sound-activated circuits (see sound-
operatad circuits)
sound effects (see sound generators)
sound generators (see also hurst
generators; function generatars;
sirens, waveform generators), -
605, 11-ARE-5H:3, TIT-558-HA], TII-
575, IV-15-24, [V-518-524,
V-394-395, V-5B6-567, VI-h8hH-
BY2
acoustic ficld generator, V-338-341
alarm-Lone generator, V-563
amplifier, voilage-controled, TV-20
amplifier/compressor, low-
distortion, 1V-24
allophone, 1H-733
audio-frequency generator, V-416-
17

audin lone generator, VLI, 1V-508

autodrum, [1-591

bagpipes, electronic, HI-661, 1IV-521

beat-frequency, [V-371

beeper, V-568

bird chirp, I-605, I1-588, I1-577, Vi-
589

bongos, [[-587

canary simulator, V-5567

chime generator, [I-604, IV-624

chug-chug, II-576

cotor organ, VI-193

complex sound-effect generator, VI-
L86

dial tone, 1-6289, 111-609

ditherizing circuit, digital audio usc,
vV-23

doorbell, musical tones, IV-622

doubler, audio-frequency doubler,
W-16-17

dual-tone sounder, V-664, VI-390,
VI-H87

echo and reverb, analog delay line,
Iv-21

electronic, [II-360

envelope generator/modulator, II-
501

cqualizer, 1V-18

fader, IV-17

fish lure, clectronic, V1-386

frequency-shifl kever, tone-
generator test circuit, 1-723

funk box, 150

Tuzz box, 1-590, 11-675

gung, electronic, V-563

guitar compressor, IV-519

gunshot sound etfect, VI-H92

harmonic generator, 1-24, TV-649

high-Trequency signal, TT-150

hold for telephone, TT-623

instrurment, tune-up, audio
generator, V-390

laser pistol sound effect
generalor/receiver, VI-292

low-level sounder, V-564

muling circait, VI-183

noise generaors, 1-467, 1-468, 1-463,
IV-308, V-395, VI-421

octave-shifier for musical effects,
V-523

one-1C dosign, [1-569

perfeet, pitch circuit, V-391

phasor sound generator, 1V-523

pink noisc, 1-468

porlable, [-625

pulsc echo driver, V1-380

pulsed-tone alarm, V-559

quad tone oscillator, V1-4:34

race-car molor/crash, 111-578

robotic chatter, VI-590-591 )

run-down clock for games, 1V-205

sound effects, [II-674-578

siren, V-659, V-b65, V-567

sound-effects generator, V-565

sound subcarrier generator, V1-358

space-age sound machine, V-562

spaceship alarm, V-560

speech detectors, [1-617, 111615

steam locomotive whistle, 1I-689,
III-66G8

steam train/prop plane, [[-592

steren system, derived center-
channel, IV-23

super, 111-564

surf sound generator, VI-588

synthesizer, [[-599, V-661 _

telephone rall-tone generator, [V-
h62

telephone ringer, 11-619

tone burst generator, VI-375

tone burst generator, repeater, V-
624

tone chime, V-560

tone generatars, [-604, I-625

Lop oetave generator, V-393

Touchtone dial-tone, telephone, TII-
609

Lrain chudler, 11-588

Lrernolo cireuits, TTE-RO2-695, TV
-589

Lwang-twang, 11-592

two-tane, 1-670, V-A29, VI-584

ultrasonic sound source, [V-605

very-low-lrequency, 1-64

vocal elirninztor, IV-19

voice circuits, [1I-728-734

Wi~ wad circuit, 11-590

wailer, VI-583

warbling tone, 11-573, VI-H82

whistie, VI-589

white noise generators, IV-201, VI-
T05-706

wind chimes, V1-591
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sound-operated circuits (see afso
ullrasonic circuits; veice-
aperated circuits}, 1-580-hR4,
{IL-579-680, [V-525-528, V-H45-
Hbb
amplifier, gain-controlled, IV-528
colour organ, [I-583, I1-684
decoder, 111-145
fader, V-549
flash triggers, 1-481, 11-449, TV-382
kaleidoscope, sonic, V-548-549
lights, [-609, V-552
meno alert, V-352
noise clipper, 1-396
relay, 608, [-610
sleep-mode circuit, V-547
swilch, [I-681, ITI-580, ITT-600, 111-
601, [V-626-627, V-Hh3, V-555, V-
530, VI-613
ag, [I-681
Lwo-way, I-610
voice-operated, 111-580, TV-527
speech activity detector, telephone,
1815
voice-operated awitch, TT1-580
vox box, II-582
whistle-activated switch, V-551
S0Urces {See current sources; voilage
sources)
source followers
bootstrapped, V-20
JFET, V-20
photodiode, ITI-419
SPDT switch, ac-static, 11612
space-age sound machine, V-562
space war, [-606
spaceship alarm, V=560
speaker systems
FM carrier current remole, [-140
hand-held transceiver amplifiers,
1i-39
overioad protector for, I1-16
protection civcuit, V-476, V-479
wireless, IR, TIT-272
speakerphone, 11611, 111-608
spectrum analyzer adapler,
oacilloscopes, V-434
speech-related circuits
activity detector, 11-617, I11-619
compressor, [I-15
filter
300 Hz-3 kHz bandpass, 1-295
second-order, 300-t0-3,400 Hz,
V-174
speech-range bandpass filter, V-
185
two-section, 300-tc-3,000 Hz, IV-
174

network, 11-633
serambler, V-554
speed alarm, [-95
speed controllers {see alse motor
control), I-450, 453, 11-378, 1T-
379, i[-455, V-380, V-381, V[ -412,
V1-414
accelerometer, V1345
hack EMF PM, I1-379
cagsette-deck motor speed
calibrator, 1V-353
closed-loop, [1-385
de motor speed controller, VI-411
fans, automatie, II1-382
feedback speed, [-447
de motors, 1-462, 1-464, II-377, TI-
380, [1-388, VI-415
de variable, fiberoptic, II-206
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feedback, I-447
fixed, III-387
high-efficiency, TIT-3%0
high-torgue motor, 1-449
light-activated/controlled, 1vV-247
load-dependent, I-451
model trains and/or cars, 1-453, 1-
455, [V-338-340
moLor (see motor contrals;
tachometers)
power tool torque, 1-458
PWM, 1I-376, IT-380, V 381
radio-controlled, I-576
series-wound maotors, 1-448, 11-456
shunt-wound motors, [1-456
stepper motors, direction and
speed control. 1V-350
switched-mode, 1M1-384
tachometers, 1-94, 1-100, 1-102, 1I-
176, II1-335, T11-340, 11-347, V1-
98, VI-298, VI-3T1
analog readont, Tv-280
calibrated, 111-508
closed loop feadback conlrol, 11-
390
digital readout, 11-61, 11I-45, IV-
268-26%, IV-278
dwell meter/tachorneter, 111-45
feedback control, 1-378, 11-380
frequency counter, 1-310
low-frequency, [11-586
minimum-component design, I-
405
motor speed controliers, 11-378, 11-
eptical pick-ug, LWI-347
set. point, 111-47
tachometerless, [1-386, IV-340
tonis and appliances, [-446
universal motors, 1-457, 11-451
speed warning device, [-06, 1-101
speedometers, bicycle, IV-271, IV-282
splitters, l1-681-582
battery, 11I-66
phase, precision, [[[-582
precision phase, 1-477
voltage, [11-738, 1-743
wideband, 11-582
squarer, precision, I-615
square-root. cireuil, VI-319, VI-320,
V1322
square-wave generators, [1-594-604),
TT1-6813-585, [V-529-536, V-563-
A70, VI-593-504
1 ki, [V-536
2 Mllz using iwo TTL gates, 11-598
10-Hz 1o 10-kHz VCO, V-570
60-1z, V-569
555 timer, [I-595
astable ¢ircuit, 11-597.IV-534
CMOS 365 astable, true rail-to-rail,
11-596
duty-cycle multivibrator, I11-50-
pereent, T11-584
lour-decade design, 1V-535
high-current oscillator, T1-585
line frequency, 11-599
low-frequency TTL oscillator, [1-595
wultiburst generator, 11-88
mliivibrator, IV-536
oscillators, [-G13-614, I1-H97, 11618,
[¥-532, [V-533, V-h68
0.6 Hz, I-616
1kHz, I-612
{requency doubled outpaut, 11-586
phase-tracking, thres-phase, [1-598

pulse extractor, [11-584
quadratire-outputs osciliator, I111-
585
Schrritt trigger, V-569, V-570
sine-wave and, tunable oscillator,
M1-232
sine-to-square wave converler, V-
569, V-570
three-phase, TT-600
tone-burst. generator, single limer
I1C, 11-89
triangie-wave and, {i[-239
precision, TM1-242
programmable, 11-225
wide-range, TI1-242
TTL, LSTTL, CMOS designs, [V-
5AN-R32
variable duty-cycle, 1V-633
variable-frequency, IV-635, V-570
square wave oscillator, VI-445
astable multivibrator and, V-386
square-to-sine wave converters, III-
118
squelch circuits, -394
AM/FM, 1-547
FM scanmer noisc squelch, VI-579
voice-activated circuits, IV-824
squib firing circuils, L3567
stahilizers, fixed power supplies, V-
393, W-406
staircase generalors,(see also
function gencrators; waveform
generators), 1-730, [[-601-602, 1T
H86-588, 1V-443-447, VI-585-599
free-running, VI-598
stepped triangle wave, VI-596
np-down slaircase, VI-599
video staircase generator, VI-597
stand-by power supply, non-volatile
{MOS RAMs, [1-477
standard, precision calibration, [-406
standard-cell amplifier, saturated, -
246
standing wave ratio (SWR)
detcclor adapter, andible signal, VI-
25

sueter, [V-269
power meter, [-16
QRP bridge, 11-336
warning indicator, [-22
Star Trek red alert siren, II-577
starl-and-run motor cireuit, ITI-382
stale-of-charge indieator, lithinum
batlery, [I-78
stule-variable filters, 11-215, IT1- 189,
VI-209
multiple outputs, 111-190
sceond-order, 1 kHe, Q/10, 1-293
single 3.3-V supply, 4-pole, VI-216
universal, [-280
static detector, IV-276
sieam locomotive sound effects, 11-
589, I1-592, 1II-H68
slep-up switching regulator, BV
battery, II-78
slep-up/step-down de-de converters,
m-118
stepper motors (s2¢ also motor
control circuits), V-571-573, VI-
600-602
direction control, IV-350
drivers, [I-376, 11-390
bipolar, V-H72
FET-based, V-573
half-step, IV-349
quarter-step, IV-350



dual clock circuit, V-573

encoder circuit, VI-602

pillse generator, VI-601

shaft encoder use, VI-601

speed and direction, IV-350

stepping switch, solid state, II-612
stereo/phonograph (hi-fi) circuits, V-

B5T1-584

acoustic field generator, ¥-338-341

amplifiers, I-77, I-80-81, 1-88, 1-670,
-9, TI-43, I1-45, 111-34, 11-37, I1I-
38, TV-24, TV-35, IV-36, IV-66, VI-
75
bass tone control, V-581
mini-atereo amplifier, V-N83

audio level meter, [V-310

andio power amplifiers, V-40, V=18,
VI-90

audio power meter, TV-306

audio signal amplifier, V-h&

halanee circuits, 1-618-619, 11-603-
B05, V-HR3I

buoster amplifier for car sterea, V-
ke

compander, 11-12, TI-93, TM1-853

expander, [1- 13, TIT-93, TIT-95, V-H8&

decoders, [T-18, TT-167-168, VI-170

dermaodulators, T-b44, TI-156%

derived center channel stereo
syster, (V.23

I'M bug, VI-662

I'M stereo transmitter, V. 575, V-
580, VI-BAZ

Irequency decader, 11-169

[requency division multiplex, 11-169

level display cireuit, V190

line driver, V1-198

loudspeaker prolectlor cireait, V-
483

mixers, 1-65, IV-334

power meler, 5331

preamplificrs, 1-90, 1-91, 11-43, 11-45,

1137, I-671, I11-673, IV-45, 1V-
36, V-631, V-584, VI-74
reception indicalor, 111-269
reverb systerms, 1-604, 1-606, 11-9
RIAA phono amplifier, V-89
speaker driver, TTL-based, VI-149
speaker proleclion circuit, V-4786,
V-479
TDM decoder, 11-168
test circuits, I-618-619, HI-269, [11-
331, IV-306, IV-310
tone contrel circuit, high-Z input, I-

TV-stereo decoder, 1I-167, V-576-
579, V-580
velume limiter, VI-376
stethoscope for automobiles, V1-95
stimulator, constant-current, [1I-352
-gtimulus isclator, 111-3561
stop light, garage, 1I-563
strain gauges, VI-336
bridge excitation, III-71
bridge signal conditioner, 11-85
instrumentation amplifier, 11I-2580
strobe circuits, [[-606-610, VI-468
alarm system, V-6-7
diseo-, 1I-610
high-voltage power supplies, [V-
413
safety flare, 11-608
tone burst generator, 1[-90
trip switch, sound activated, [-483
varigble strohe, 111-588-580
stud finder, III-338

subharmonic frequencies, cryslal-
stabilized IC timer, 1I-151
subtractor circuit, HI-327
subwooler amplifier, V-49, V-50
successive-approximation A/D
converter, 1-45, 11-24, 11-30
summing amplifiers, I-37, II{-16
fast action, I-36
inverting, V-18, ¥-20
precision design, 1-36
videq, clamping circuil and, LI1-7T10
sun tracker, 11I-318
superheterodyne receivers, V1-553
3.5-to-10 MHz, [V-450-451
amateur radio, four-stage 75-meler,
VI-21
supply rails, current sensing in, 11-153
suppressed-carrier, double-sideband,
moduiator, H-377
sweep generators (see also function
generators; waveform
generators), VI-238-241
10.7 MHz, 1-472
add-on triggered, [-472
oscilloscope-triggered, 111-438
switches and switching circuits, II-
611-612, I1I-691-bd4, IV-E37, V-
n85-5693, VI-603-514
ac switches, 111-408_ 1V-387
ac power switch, V-112, V-1156
analog switches, [-621, 1-622 IIT-
593, VI-604, VI-607, VI-608, VI-
611
antenna selector, electronic, 1¥-
$538-H3%
andin switch, eight-channel, V-588-
H89
andin-controlied switch, ¥V-090, VI-
613
audioivideo switcher circuit, [V-
540-541
autn off power switch, VI-611
auto-repeat switch, bounce-free, IV-
H4h
bandswitching for receiver, VI-H08
hidirectional relay switch, TV-172
bistable switeh, mechanically
controlled, 1V-h4h
closure circuit, VI-182
contact, 1-136
controller, 111383
dark-activated, V-274, V-276
de controlied, V-586, V-h92
de static, 11-367
debouncers, 11-592, 1V-105, TV-106,
W-108, V316, VI-387, V1613, VI-
514
delay, aulo courlesy light, 1i-42
delay circuit for switch on, VI-611
dirmmer switches, 1364, 15-309, V-
247, [V-244
800 W, 1-309
de lamp, 11-307
four-quadrant, 1V-248-249
halogen lanps, =300
headlight, 11-57, 1-63
low-cosL, i-373
sofl-start, BUO-W, 1876, 111-304
Landerm, 11-312
triac, [-375, 310, 11-303
DTL-TTL controlted buffered
analog, 1-621
fax/telephone swilch, [V-552-5653
FET, de controiled, V-592
FET dual-trace (oscilloseope), 1-
432

flex switch, alaom sounder cirenit,
V-15
fregquency switcherfoseilators, V-

Hall-ellect, 1257, 1V-539

headlight switching cirenit, ¥-Th

hexFET switch, V-592, V-53, VI-
G612

high-frequency, 1-622

high-side power control switeh, H V
supply, 1vV-384, TV-385

inlrared-activated, TV-345

inverter, snalog, V1-604

IR-controlled A/B switch, V-225

isolated switeh, VI-604

kill-switch [or batteries, ¥V-71-72

latching, SCR-replacing, 11-593

light-operated, 1-320, 111-314, V-
274, V278
adjustlable, 1-364
capacilance switeh, 1-132
lighl-controled, 11320, 11-314
pholoclectrie, 111321, 11-326, H1-
319
self-latching, V-278
solar triggered, 111-318
zero-poind Lriac, H-311

load-disconnect switch, ¥-591

load-sensing, solid-state, V-285

merenry-swilch Ll detector, V-302

MOSFET powoer control switch, 1V-
3886

multiplexer, low oulpul iimpedance,
VI-605

ow/off inverter, 111-584

onv/off switch, [-577, II-359, 1V-543,
[V-546, VI-612

optical safety-circuit switch, V-408

optically coupled, I1-408, I11-410

oscillator-triggered switch, V-390,
VI-G06

over-temperature switch, [V-571

photocell memory, ac power
control, [-363

photoelectric, 11-321, 11-326

PIN diode switch, VI-600

proximity, [II-517

push on/off, [I-359

pushbutton power control switch,
IV-388

remote switches, 1-577, 1-630, V-
h92

resistor PIN-diode switch, VI-608

f switches, [II-361, III-5682

RON compensator, op amp and
analog switeh, VI-605

ratary switch, BCD digital, V-160

safety switch, V-H89

satellite TV audio switcher, IV-543

series/shunt PIN-diode RF switch,
VI-610

shunt PIN-diode switch, VI-607

solar-triggered, 1M-318

solid-state stepping, 11-612

sonar transducer/, TI-702

sound-activated, [-610, II-581, HI-
580, T-600, TI-601, TV-526-h27,
V-6&3, V-bb5, V-590

speed, 1104

SPDT, ac-static, M-612

switching controller, TTT-383

termperature control, low-power,
zero-voltage, 11-640

thermostatic, for auto fan, V-68

Lone switch, narrowhand, TV-542

Louch switches, 1-131, [-135-136, TT-
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swilches and switching circuits
coniinued
690-603, HI-661-665, TV-h90-504,
V270
Louchomatic, II-693
TR switch for antennas, automatic,
v-37
transceiver T/R switch, VI-010
triac switches, [-623, {[-311, IV-253
two-channel, [-623
lwo-way switch wiring, V-591
ultrasonic, [-683
under-lemperature switch, IV-A70
VHF/UHF diode rf switch, [V-544
video switches, [1I-719, IIT-725, TiT-
747, lII-728, [V-618-621, V-587,
VI-680
video/audio switch, V-n86
voice-operated, I-608, I11-6580, TV
527, V-553
whistle-activated switch, V-hi51
wiring for two-way switch, V-521
zero crossing, I-732, VI-606
ZeTo point, I-373, I-311
zero-voltage switching, 1-623, T11-
410, III-412
switched-mode power supplies, II-
470, I11-458, VI-179
24- to 3.3-V, V-462
B- to 3.3-V, V-462
B0 W, off-line, I[I[-473
100 kHz, multiple-outpur, 11-488
color TV receiver, SCT, VI4RT
control circuits, V1-454
converter, V-161
synchronous stepdown regulator,
V-468
voltage reguiators for switchod
-supplies, V-403, VI-484
3 A, TT-472
bV, 6 A, 25 kHe, scparate
ultrastable relercnec, 1-497
6 A variable outpul, 1-513
200 kHz, 1-491
application circuil, 3W, 1-403
fixerd power supplies, 3 A, TV-408
high-current inductorless, IT-476
law-power, [11-4%0
mulfiple output MPU, 1513
positive, [-498
step-down, 1-49:33
step-up, 6V ballery, II-78
converter, +50V push pull, [-404
inverter, 500 kHz, 12 V, [[-474
power amplificr, 1-33
awitched light, capacitance, [-132
switching/mixing, silent audin, I-59
syne circuils, V-604-5695, VI-615-618
combiner, V-595
galing circuit, V-595
FLD synchronizes asynchronmis
inputs, VI-616
separalors, [II-715, IV-616
streteher circuit, VI-618
syne Lip de restorer, VI-617
synthesizers (see also musical
cireuils; sound generators)
[pur-channel, [-603
[requency, programmable voltage-
controlled, [1-265
nuusic, [-509

T

tachometers, 1-94, I- 100, I-102, 11175,
111-335, T11-340, 111-347, V-An, V-
596-598, VI-98, VI-298, V1371
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adupter, VI-208
analog readout, 1¥-280, V-597-h98
calibrated, I[I-598
closed loop feedback control, I1-390
digital readout. 1I-61, III-45, TV-268-
2649, [V-2T8
dwell imncler/tachometer, 111-45
feedback conirol, 11-378, 11380
frequency counter, 1-310
low-frequency, 111-596
minimum-component design, [-405
motor speed controllers, 11-378, 11-
389
oplical pick-up, I1-347
sel point, 11-47
signal-conditioning circuit, VI-98
tandom dinmer, [1-312
Lap, Lelephone, 111-622
tape-recorder circuits, 1121, 11419, TTT-
589-601, IV-b47-548
amplificrs, F90, [V-36
audio-powered controller, [V-548
aulomatic tape-recording switch, I-
21,121
aulomolive-battery power circuit,
IV-548
cassclle-deck motor speed
calibrator, IV-3563
cxtended-play cireuit, 111600
flal-response amplifier, I[II-H73
inierface for, 11614
personal message recorder, V-330-
331

playback amplifier, II-672, TV-36
position indicator/cemtroller, 1M-615
preamplifier, I-9(
sound-activated switch, TIT-B00, 111-
601
starter switch, telephone-activated,
1-632
telephone-activated starter switch,
[-632, T1-622, M- 616
telephone-to-cassette interlace, 111-
618
telecom converter -48 to +5 Val 1 A,
Vo472
telemetry demodulator, 1-229
telephane-related cireuits (see also
intercoms), 11-616-635, [1I-602-
622, TV-h49.564, V-589-615, VI-
619-628
alarm dialer, V-612
amplifier, I-621, IV-560, V-614
answering machine boeper, IV-559
anto answer and ring indicator, I-
H35
automatic recording device, [1-622
basic telephone eircuit, V-615
bell siimulalor, V-604
Rell Systom 202 data encoder, VI-
625
blinking phore light monitor, [I-524,
11624
call-tone generator, IV-562
call restriclor, VI-622
caller (D), V-613, V621
cassette nlerface, [M-618
converter, ultra low-power for
persongl communications, VI-166
decoder, touch-tone, IV-555
diul pulse indicator, I1I-613
dial-tone cireuit, 5-V, V-610
diated-phone number vocalizer, [11-
731
dialer
cmergeney dialer, V-603
pulsc/tone, single-chip, 1II-603

dual tone decoding, 1T1-620
duplex sudic link, [V-554
duplex line amplifier, [11-616
eavesdropper, wirgless, III-820
emergency dialer, V-603
fax-machine switeh, remote-
controlled, IV-552-563
flashers, T11-629
phone-message, 1V-656
tell-a-bell, [V-558
visnal ring indicatlor, IV-553, IV-
Hhl
frequency and volume controller, il-
A23
hands-free telephone, II-606
handset encoder, 1634, [11-613
helperfsimulalor, VI-627
hold button, [-628, [[I-612
hold circuil, V-614, VI-624, VI-628
in-use indicator, 1I-629, [V-560, IV-
563, V502
intercom, [V-5567, V239, V-240
interface
audio, V-612, VI-625
PCC Parl 68, V-613
[or phone-line, V-805
light for, 11-625
iine interface, autopateh, 1-638
linee monitor, 1-628
line simmulator, VI-627
line: tester, V-615, VI-820
message-laker, IV-563
monilors, [-625, [1-626
musical hold, [I-623, V-601, V-
605
musical ringer, II-619
night, light, telephone controlled,
11-604
off-hook indicator, I-633
oploisolator status monitor, T-626
pager, V-609, V-611
parallel connection, III-611
personal message recorder, V-330
331

piezeelectric ringer, [-636
power switch, ac, IV-550
preamp, transistor RIAA for
magnetic cartridges, VI-76
pulse-dialing, III-61(
recording calls, 1-632, TTI-616, TV-
563, IV-008, V-600, VI-626
redial, II-606
relay, 1-631
remate monitor for, 11626
repeater, [MI-607
repertory dizler, line powered, 1-
633
ring amplifier, V1-624, VI-626
ring convertar, V-602
ring detectors, H-623, [11-611, III-
616, TV-564, V1628
ring indicatnr, V-804
ringers, TV- /6, V-600
extension-phane ringer, 1V-561
high-isolation, [1-625
multi-tone, remote
programmable, 11-634
musical, 11-81%
piezaelectric, 636
plug-in, remote, [1-627
relay, M-606
remnote, 11627, 11-614, [V-562
fone, -627, 1-628, H-630, [1-63]1
serambler, [1-618, V6808, VI-623
series connection, [-609
silencer, IV-55T
sound level meter monitor, I11-614



speaker amplifier, IV-555
speakerphone, [[-632, [II-608
speakerphone adapter, V-606-607
speech activity detector, II-617, III-
(6355
speech network, 11-633
status menitor using optoisolator, I-
626
switch, solid-state, line-activated,
617
tap, [II-622
tape-recorder starter controlled by,
1-632
telecom converter -48 to +5 Vat 1
A, V-4T2
timer, tele-timer, V-623
toll-totalizer, IV-551
tone-dialing, III-607
tone ringers, [-627, 1-628, 1I-630, II-
631
Touchtone generator, [I1-609
touch-tone decoder, [V-655
vocalizer, dialed-phone number, I11-
731
voice-madl alert, V-807
teleprinter loop supply, VI-497
television (see amaleur Lelevision,
video circuits)
temperature-related circuils (see
also thermometers), I-641-643, I-
648, I-657, 11-645, 11I-628-631, IV-
565-572, V-616-620, VI-62D-647
0-50 G, four-channel temperature,
1648
A/D converter for temperature
measurement, V1-234-235, Vi-634
absolute termperature log with RS-
232, VI-626
alarms, II-4, 1I-643, I[I-644, V-8
amplifier, precision RTD, for +5 V,
VI-643
automotive water-temperature
gauge, [[-66, IV-44, ]V-48
bhody-heat detector, VI-266
hoiler temperature control, [-638
cormpensation adjuster, V-617
control circuits, I-641-643, I[I-836-
644, II1-623-628, IV-b6T, VI-631,
VI-641, VI-646
defrost cycle, IV-B66
heater element, [-042
heater protector, servo-sensed,
Tm-624
heat sniffer, electronic, 11-627
liquid-level manitor, IT-643
low-power, zero-voltage switch,
11640
piezoelectric fan-based, 111-627
proporticnal, TT-626
signal conditionears, T1-639
single setpoint, 1641
thermocoupled, 1V-H67
zero-point switching, 111-824
eonverters
logarithrnie, V127
terperature-to-digital, V-123
lemperature-to-frequency, 1-168,
1646, |-636, 1-661-653, V-121
lemnperature-to-tine, L-632-6353
cool-down circuil lor amplificrs, V-
354, V-457
defrost cyele and control, IV-566
differential lemperature, 1-634, 1-
6555, VI-645
flame lcmperature, [M1-313
freeze-up sensor, VI-647

furnace fuel miser, V-328-329

heater control, 1639, I-640, [1-642,
111-624, VI-632

neat sniffer, [[[-627

hiflo sensor, 1I-6560

hook sensor on 4- to 20-mA loop, V-
618

1C teraperature, 1-649

indicator, II-56, IV-570

isolated lemperature, I-651

LCD contrast temperature
compensalor, VI-195

logarithmic converter, V-127

low-temperature sensor, V-619

measuring circuit/sensecrs, [1-653,
IV-572

meters/monitors, [-647, I11-206, [V-
569

op amp, temp-coipensated
breakpoint, V-401

oscillators, lemperaturc-controlled,
1-187, 11-427, 111-137

over-temperalure switch, IV-571

overfunder sensor, dual output, 1-
646

proportional Lemperalure
conlroller, VI-6:33

pyromeler, optoelectronie, V1-6440

regulator, zerg-vollage switching,
VI-647

remote scnsors, [-64%, 1-654, V-619

room temperature display, bar
graph, VI-641

sensors, 1-648, 1-657, 1I-645-6860, 111-
629-631, IV-568-672, V619
-50 to 300 F, single supply, VI-638
0-60-degree C four channel, [-648
0-83 degrees C, JII-631
5 ¥V powered linearized platinum
RTD signal conditioner, -6560
automotive-ternperature
indicator, PTC thermistor, [I-66
Centigrade thermometer, [[-648
coefficient resistor, positive, [-857
differential, I-654, I-6556
full-range Fahrenheit, VI-643
output referenced to ground, two-
wire, VI-638
over/under, dual output, II-646
DVM interface, 11-647
hifle, 11-650
integrated circuit, I-64%
isolated, I-651, 111-631
low-temperature, V-6i3
remnote, [-649, T-664, V619, VI-
638
anil heater for plants, V-333
soldering iron contral, V-327
thermal monitor, IV-569
thermocouple amplifier, cold
Junetion compensation, 11-649
thermocouple multiplex system,
1 &30
sero-crossing detector, 1733

signal conditinners, T1-639

single-sefpoint, temperature, [-641

temperature to-digital converter, V-
123, VI-646

lemperature-to-requency
converter, |-188, [-646, 1-656, [
H51-653, V-121, VI-638

Lemperature-to-time converters, 11-
G32-6:3:3

thermocouples
amplificr, cold junction
compensation, 11-64Y, VI-635, V1-

642, VI-644
control, IV-567
multiplex systern, III-630
thermometers (see thermometers)
thermostat (see thermostats)
thermostatic fan switch, V-88
thermosiatic relay circuit, VI-643,
VI-645
transconducer, [-646, [-649
under-lemperalyre swilch, [V-570
zero-crossing delector, I-733
lemperalure-Lo-frequency converter,
1-1G8, I-656, {I-651-653, VI-G39
temperalure-Lo-frequency
transconducer, lincar, 1-646
lemperalure-lo-lime converters, 13-
632-633
ten-band graphic equalizer, aclive
filter, [1-684
Tesla coils, 111-634-636
test beneh amplifier, V-26
lest circuils (see measurcmentAcst
circuits}
Lexl adder, compaosite-videa signal,
H-716 .
theremnins, 1-654-656
digital, II-656
clectronie, 1-655
Lthermal Howmeter, low-rale flow, -
208
thermocouples, H-649, V1635, V1-
(42, V1-644
amplificrs, 1-356, [-654, 11-14, 11-64Y9
digital Lhermomeler using, 11-668
mulliplex, LeImperature Sensor
svsiem, HI-630
pre-amp using, H1-283
thermomelers (see also temperature-
related cireuils), I-657-662, 1II-
617-643, [V-5T3-577
0-50 degrec F, 1-G56
0-100 degree C, 1-656
1.5-V, VI-637
5-V gperation, ¥-817
adapter, 111-G42
add-on for DMM digital voltmeter,
[I1-640
centigrade, I-G55, 11-648, [I-662
calibrated, I-650 .
ground-referred, [-667
differential, [-652, [I-661, 11I-638,
VI-640
digital, I-651, [-G58, V-818, VI-637
ternperature-reporting, HI-638
thermoeouple, [[-658
WP eontrolled, 1-650
electronic, I-660, II-639, IV-DT75
V-576
Fahrenheit, -658
gronund-referred, [-656
high-accuracy design, TV-577
implantable/ingestible, TT-641
Kelvin, [-653, I-6565, [1-661
linear, H-642, IV-574
low-power, [-655
meter, trimmed outpot, T-655
remate, II-659
single-de supply, IV-575
variable offset, I-652
thermostats, 1639, 1-640, V-60, VI
630
third-overtone oscillator, 1-186, 1V
123
three-in-one test set, 11-330
threc-minute timer, 1-654
Lhree-rail power supply, [[1-466

)
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threshold detectors, precision, HI-157
tilt meter, IT-663-666, 111-644-646
differential capacitance
measurement cireuil, 11-665
mercury-switch, vV-302
sensa-of-slope, 11-664
nltra-simple level, 11-666
tirmne hases
cryatal oseillator, HL-133, [V-128, V-
187, V-139
function geneeators, 1 He,
readout/counter applicalions, 1V-
201
ascilloscopes timebase generator,
V425
trigger selector for oscilloscopes
timebase, V-425
time constants, operational
arnplifiers, RC time constants, VI-
426
time delays, 1-668, 11-220, 11-667-670,
TTT-647-649
cireait, precision solid stale, I-664
constant cureent charging, 1668
electronic, M-648
generator, T 218
honr sampling circuit, ([-668
integrator to multiply 555 tirmers,
low-cost, T1-660
Tong-dhuration, (-220
mator controller, VI-413
relay, [-219, [-663
timing threshold and load driver, T1-
670, TIT-648
fime divigion multiplex sterco
decoder, 11-168
fimers (sen aiso 585 timer eircuits),
I-666, 668, 11-671-681, II-650-
fbbh, TV-BTR-BR6, V-621-627, VI-
648-Ab0
0.1 ta 80 second, 1-663
2- to 2000-minute, V-624
Hbh-hased alaem, ¥-11
741 timer, 1-667
ac line/timer inferface, V1-281
adjustable, 11 681, IV-585
alarrn, IT-674, VI-644
appliance-cutefl tiner, IV-583
CMOS, programmable precision, I1-
652
countdown, V627
darkroom, T-480, V-4236
elapsed time/counter timer, 11-680
electrontc egg, 1-665
enlarger timer, [[-446, [I[-445
extended on-tirme, V-627
IG, erystal-stabilized, [I-151
inferval, programunable, I-660, II-
678
lamp timer, VI-644
long-delay, 1-219, V-626
lomg-duration, 11-675, IV-586
long-interval, [-667, IV-681, [V-582
long-period, V-624, VI-650
long-term, T-672, ]11-653
mains-powered, IV-579
nmiinute marker, VI-337
mohile radio on-alarm Uiner, V132
one-shot, 11-266, L1-317, HI-654
photographic, T-485
darkroom enlarger, 111-445
photo-event timer, 1V-379
reaction timer, game cireuit, IV-204
reflex timer, V-622
3CR design, TV-583
self-retriggering timed-on
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generator, V-343

sequential, [-601-062, T-H63, TIT-651,

V-523
slide-show, II[-144, IIT-448
solid-state, industrial applications,
1-G64
tele-timer, V-6G23
ten-minute ID timer, IV-H84
three-minute, I11-654
three-stage sequential, V-623
thumbwheel-type, programmable
interval, I-660
time-out, eireuit, IV-hH80, TV .586
triangle-wave generator, linear, 11-
222

variable duty-cycle ontput, H-240
voltage-centrolled, programmable,
[I-670
washer, [-668
watch tick timer, V-202
watchdog timer/alanm, TV-bR4
wide-range, V-1-minnte to 400
hours, V-625
timing light, ignition, TI-60
timing threshold and load driver, 111
648
tone alert decoder, [-213
tone anmunciator, transformerless,
I-27-28
tone burst generators, I-604, T1-90,
I-74
tone circuits {ses function
generaters; sound generarors)
tone controls (see also sound
generators), I-677, [I-HR2-689, 111
B56-660, [V-D8T7-580, V-334, ¥
630-G31, VI-651-653
500-He, 111-154
active control, IV-588
amateur radio araplifier controls,
1.2-kW 144-MHz, VI-19
audio amplifier, IT-686
autematic level control (ALY, V.
60-62
bass, [-670, V-584, V-631, VI-632
bass and treble, [-674, V-631, VI-
653
Baxandall tone-control andic
amplifier, [V-D88
decibel level detactors, TM1-1H4
equalizers, 11-684, IIT-658
filter circuit, V-1 kHz, V-121
guitar treble booster, T1-683
high-quality, I-675
high-z input, hi fi, I-676
level meters, sound levels, TIT-346,
1I-614, IV-305, TV-307
loudness, [I-46
microphone preamp, 1675, T-687
mixer preamp, I-H8
passive circuit, i[-689
preamplifiers, I-68, I-673, 1-675, (-
687, I1-688, I-657
rumblefserateh filter, HI-660
stereo level display circuit, VI-190

stereo preamyp with tone control, V-

three-band active, I-676, III-658
three-channel, I-672
tone detector, 15-kHz, VI-181
trebel control, V-631, VI-652
tremolo circuit, IV-583
volurme limiter, V-53, VI-376
Wien-bridge filter, III-609

tone decoders, I-231, II-143, VI-170
dual time constant, [[-166

24 percent banedwidth, [-215

relay outpuy, 1-213

tone-dial decoder, 1-630, 1-631
tone deteclors, 500-Hz, 111-1564
tone-dial generator, [-829
tone-dialing telephone, III-607
tone encoder, 1-67

subaudible, [-23

tone-dial encoder,; -629

two-wire, 11-364
tone generalors (see sound

_generalorg)
Lone probe, digital IC testing with, II-
4

Lone ringer, telephone, [1-630, 11-631
Lolem-pole driver, bootstrapping, ITI-
175
Louch switches, [-131, I-135-136, 1-
1337, 1-690-693, II1-661-6565, Tv-
B90-594, V-632-63b, VI-354-657
CMOS, 1-137
bistable multivibrator, touch-
triggered, 1133
bridging Louch plate sensor, V-634
capacilive sensor touch switeh
syslern, VI-658
dirnmer, CMOS based, V-270
double-bullon lalching, I-138
hum-detecling Youch sensor, 1V-
5494
larnp conlrol, three-way, [V-247
fow-current, 1-132
On/Off, 11-691, 111-663, [V-593
latehing swilch, V-636
line-hum, 11-864
momenlary eperation, [-133
negative-triggered, 111-662
or-only swilch, V-635
positive-Lriggered, 111-662
sensor switeh and clock, IV-591
single-plale scnsor, V-633
switch, V-633, V-634, V-635
timme-on ouch switch, 1V-594
timed touch switch, VI-665
touchomatic, I-693
two-termingl, 111-663
Touchlone gencralor, telephone, I11-
60y
loxie gas detector, I1-280
oy siren, [1-575
TR cireuil, 11532
TR switch for antennas, automatic, V-

tracers, YI-658-650
audio reference signal, probe, [-527
bug, L7158
cable tracer, VI-658
closed-loop, [I1-356
receiver, [11-357
signal trager, VI-659
wire tracer, VI-659
track-and-hold circuits, III-667, I1I-

sample-und-hold circuit, [MI-549, T11-
552

rracking circuils, [11-666-668
positive/negalive voltage reference,
1I-66T7
preregulator, [[[-492
track-and-held, 111-667, [I-663
tracking power supply, VI-485
train chuller sound effect, 1I-588
transceivers (see also receivers;
transimiflers), [V-525-603
1750-meler, V-646
CL, 20-m, [V-536-598




CW, 5 W, 80-mcter, IV-602

external micrephone circuit, V-351

hand-held, III-39, [II-461

BF transceiver/mixer, IV-457

memory backup, VI-28

power supply for lab source, VI-517

T/R switch, VI-G10

ultrasonic, 11-702, [1I-704
transducer amplificrs, [-86, [[[-669-

flat-response, tape, [I-673
NAB preamp, I-673
photodiode amplificr, [II-672
preamp, magnetic phono, HI-671,
MI-673
tape playback, II1-672
voltage, differential-to-single-
ended, III-670
transducers, 1-86
bridge type, amplifier, [1-84, I1[-71
detector, magnetic transducer, 1-
233
interfacing resistive lrunsducers,
VI-281
sonar, switch and, IE-703 )
temperature, rianote sensor, 1-649
transformers
isolation transformer, V-349, ¥-470
power Lester, VI-354
transistors and lransistorized circuoits
flashers, 11-236, [II-200
frequency tripler, nonseleclive,
saturated, [I-262
headphone amplificr, 11-43
onv/off switeh for op amp, [V-546
phototransistor, V-274%
amplifier, V-409
variable-sensitivity, V-409
pulse generator, [V-437
sorter, [-401
tester, [-401, IV-281, V-306
turn-en circuit, V-345
transistor-matching circuis, VI-3:39
transmission indicator, 11-211
transmitters {see also reccivers,
transceivers), 11I-674-691, IV-
596-603, V-636-649, VI-660-665
Z-meter, [V-600-601
10-meter DSB, V-847
27.126-MHz NBFM, V-637
acoustic-sound transmilter, IV-311
amateur radio, 80-M, III-675
amateur TV, [V-599, VI-34-36
ATV JR transmiiter, V-44{ MHz, V-
640
audio, visible-light, V-261
automobile security system, VI-9
baby-alert, carrier-current circuil,
V-85
beacon, [II-683, [V-603
broadcast, 1-to-2 MHz, [-680
carrier current, I-144, I-145, 111-79
computer cireuit, 1-of-8 channel,
I-100
CW transmitters, I-681, [11-684, III-
686, III-687, 111-690, IV-601, V-
548, V-848 VI-22-23, VI-27,
VI-664
DSB, 10-meter, V-647
dummy load for transmitter tests,
VI-37
fiheroptic, I-177, VI-207
FM transmitters, [-681, V-641
27.126-MHz NBFM, V-637
49-MHz, V-643
hug, VI-6H62

infrared, vaice-modulated pulse,
[V-228
light-heam, V-259
multiplex, TMT-688
one-transistor design, M-687
optical, 1-361, I-367, 11-417
radio, V-H48
snooper, TIT-680
steren, V-575, V-H80, VI-H62
voice, ITT-678
wireless microphone, 1I-632, I
685, TI-691
hali~duplex information
transmission ink, low-cost, TT-679
HF, low-power, [V-H38§
infrared, 1-342, 1-343, 1I-289, [[-200,
N1-275, M-277, IV-226-227, TV-
228
auclio-modulated, VI-262
headphones, V-227
pulsed for onfotf control, V-228
pulse frequency modulated, V1-

single-tone, VI-264
steady-tone, VI-267
wireless headphones, VI-263
keyer interface cireuit, amateur
radio, VI-31
lager dinde-hased, VI-252
LED lightwave communications, VI-
309
line-cartier, with on/off, 200 kHz, I-
142
low-frequency. TTT-682
MIDT transmitter, V-393
memory backnp, VI-2§
modulated-light transmitter, V-258
Morse-code tranamitter, V-6-W for
7-MHy, V641
rauitiplexed, T-0f-8 channel, T-395
negative key-line keyer, IV-244
aptical, 1 367, 1-363, TT-417, T1-118,
1V-368
oscillator and, 27 and 49 MHz, [-0680
autput indicaror, TV-218
photodiode 1og
converter/transmitter, VI-312
WRT, V-635-639, V-644-045
remote control, V-500, V-513
interface, V-511
ultrasonic, Y-512
remnte sensors, inop-type, T-70
television, TT-676
tracking transmitter, V-042
transceiver, 1750-meter, V-646
transcerver T/R switch, VI-610
transiit/receive sequencer,
presanp, V348
ultrasonic
40 kHz, [-685
CW transceiver, VI-669
Doppler, V 651
vacuuri-tube, low-power, 80/40-M,
V-642
voice-communication, light-beam,
Vo260
VHE, 1681, T-684, VI-663
video detector for transmitter tests,
V137
wircless guitar transmitter, VI-661
wircless rmicrophone, V1-661
trunsverter, 2-to-6 meter, V-124
Lreasure locator, le-parts, 1-409
trehle booster, guitar, 11-683
tremolo circuits, 1-59, 1-548, 111-692-
6495, [V-bag

tri~color indicator, V-232
triac circuits, V-268
ac-voltage controller, [V-426
contact protection, 11-631
controller circuit, V-267, V-271
dimmer switches, 1-375, [1-310, 1lI-
303
drive interface, direel de, 1-266
microcomputer-to-iriae inlerface,
V-244
microprocessor array, I1-410
relay-contact protection with, II-
531
switch, inductive load, IV-253
trigger, [-421
voltage doubler, [11-468
zero point switch, II-311
zero voltage, [-623
triangle-to-sine converter, 11-127
triangle/square wave oscillator, II-
422, V-208
triangle-wave generators, 111-234, V-
203, VI-598, VI-697, VI-698
10-Hz to 10-kHz VGO, V-570
clock-driven, V-208
sguare/triangle-wave, 111-225, [11-
239, [I[-242
timer, linear, I1-222
triangle-wave oscillator, V-2056
trickle charger, 12 V batlery, [-117
triggers
50-MHz, III-364
-camera alarm, I1I-444
flash, photography,xcnon flash, 1il-
447

load-sensing, V-285

optical Schmitt, I-362

oscilloscope-triggered sweep, 111-
438

remote flash, [-484

SCR series, optically coupled, 11~
411

sound/light flash, [-482
triac, [-421
triggered sweep, add-on, 1-472
tripler, nonselective, transistor
saturation, I-252
trouble tone alert, 11-3
TTL circuits
clock, wide-frequency, I11-85
coupler, optical, I11-416
gates, siren using, [I-5676
Morse code keyer, [I-25
osciliator, VI-437
speaker driver, VI-19%
square-to-triangle wave converter,
1I-1256
TTL-to-MOS logic converler, 11-
126
TTL osciliators, 1-179, -613, IV-147
1 MHz to 10 Milz, I-178
1 MHz to 20 MHz, IV-127
crystal, TTL-compatible, [-179
sine wavessquare escillator, IV-512
television display using, 11-372
tube amplifier. high-voltage isolation,
IV-426
tuners
antenna tuner, IV-14, V-38, VI-66
FM, [-£31
guitar and bass, 11-362
turbo cireuits, glitch free, 111-186
turn-on circuit, vV-345
twang-twang circuit, [I-592
twilight-triggered cireuit, 11-322
twin-T notch filters, III-403
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Twenty-One gume, VI-246

two state siren, ITE-587

two-tone generator, [I-570

two tone siren, [1-562

fwo-way intercom, 11-292

fwo's complement, IVA conversion
systern, binary, 12-bit, III-166

u

UAZ240 staircase generator, III-587
UHE-reluted circuits (see also
radio/rf circuits)
anternna for UHF scanners, VI-67
amnplificr, 1-560-565
sudio-lo-UHF preamp, V-24
broadband rf amplifiers, V-523
Acld-strength meters, TV-165
oscillator, funable, VI-466
rf amplifiers, TTHF TV-line amplificr,
1vV-482, 1V-483
source dipper, IV-209
TV preamplifier, 11-546
VHF/UHF tf diode swirch, IV-544
VHE/UHF rf preamplificr, V-515
widebhand amplifier, 1-560, [I1-264
UJT circuits
battery chargers, 111-56
calibration asciilator, 100-kHz, VI-
157
metronome, 112358
manostable circeuil, bias voltage
change insensitive, [[-268
ultrasomic circuils (see also sound-
operated circuits), III-696-T07,
TW-804-606, V-650-653, VI-666-
670
arc welding inverter, 20 kHz, 11I-700
cleaner, V-652-653
OW trunsceiver, VI-669
generator, VI-GT0
indueetion heater, 120-kHz H500-W,
704
rmotion delector, VI-GG8
pest-conlrol/repel, [-684, II-685, TIT-
698, III-708, TMI-707, IV-605-606
proximity sensor, VI-669
ranging system, 111-697
receiver, -G48, 111-705, VI-670
Duppler ultraseund, V-651
retnole-conirel receiver, V-513
rernole-control tester, VI-667
remnole-control transmitter, V-512
sonar lransducer/switch, IIT-703
sound source, [V-600
swilch, 1-683
transceiver, [II-702, TI1-704
transinitter, [-685
Lioppler ultragound, V-651
undervollage detector/maonitor, TT1-
762, IV-138, VI-117
uirilerruptible power supply, 11-462,
11-477, V-471
unity-gain amplifiers
inverting, [-35, [-80
noninverting, V-21, v-22
ultra high-Z, ac, II-7
unity-gain huffer
stable, speed and high-input,
impedance, 11-6
uriity-gain follower, I-27
universal counters
10 MHz, [-255, 11-13%
40-MHg, 11I-127
universal mixer stage, III-370
universal power supply, 3-30V, 111489
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up/down counters
8 dligit, 15-134
extreme count {reezer, 111-120
XOR gale, HI-105

\4

vacuwn [luorescent display eircuit, [1-

vacuun gauge, automotive, IV-45
vacuurn lube amplifier, VI-72-73, VI-
H7

vapar delector, 11-279
varactor-luned 1¢ MHz ceramic
resonator oscillator, I1-141
variable current source, 100 mA to
24, 11-471
variable-frequency inverter,
complementary outpat, T1-297
variable-frequency oscillators (VIRO)
5 MHz design, TT-551
4083 CMOS, V-421
adjustable temperature
compensation, V-420)
amateur radio, V- 532
buffer amplifier;v-92
CMOS design, V418
code practice oscillators, V-10:3
of, V-6.5 MHz, V-529
variable-gain amplilicr, vollage-
controlled, 1-28-29
variable-gain and sign op amp, [I-405
variable-gain circuil, accurate null,
TM-69
variable state [lilers
universal, ¥V-178
variable osciflators, [[-421
audio, 20 Hz Lo 20 kHe, II-727
duly-cycle, 11-422
four-decade, single control, 11-424
sine-wave oscillator, low-distortion,
111-558
wide range, 11-429
variable powcer supplies, I11-487-182,
1v-414-421
0-10 12-V, V-1 A, V-460
current seurce, voltage-
programmable, 1V-420
de supply
SCR variable, IV-418
slep variable, IV-418
dual universal supply, (-to-50 V, &
A, IV-416-417
regulaled supply, 2.6 A, L20-to-25V
swilch-selected fixed-voltage
supply, [V-419
swilching regulator, low-power, TT1-
490
swilching, 100-kHz multiple-outyait,
111-488
Lracking preregulator, [I1-192
transformertless supply, IV-120
universal 3-30V, {l1-489
voltage regulators for variable
supplies, I1-480, 111492, 1v-421
variable current, source, 100mA 1o
ZA, [1-471
vollage regulator, I11-491
YCOR/TV circuits,
[SD) 1000A record/playback cireuit,
VI-50
on/off control, V-113
Lester for VCR head amplifier, VI-48
video detecteor controller, VI-178
vehicles (see automotive cireuits)
verlical deflection circuif, VI-374

VHF-reluted circuits (see also
radio/rl; television; UHF)
ampiificrs, [-558
heacon Lransmiller, VI-662
crystal oscillators, I11-138-140
HE/VHE swilchable active antenna,
V 524
moddulator, 1-440, 111-684
fone transmitler, [I1-681
fransiitters, H1-681) 111-684
VHF/UHY diode rf switch, IV-544
VHE/ULLE rf preamplifier, V-515
video circuils (see also amateur
television (ATV)), II-T13-728,
IV-807-621, V-654-662, VI-GTL-
883
armaleur TV (ATV) down converter,
V-126, V-126
amplifiers, video, [-G88, I-690, T-692,
11-39, HI-708-712, IV-482, TV-483,
V-666, V-662, VI-074, VI-675, V1
679, VI-681, VI-682
T5-ohm video pulse, IIT-711
buffer, low-distortion, II1-712
color, [-34, III-724
de gain-contral, T-711
differential video loop-through,
Y-857
FET rascade, [-691
gain block, TI-712
IF, [-089, TI-687, V655
JFET bipolar cascade, 1-692
line driving, 11I-710
log amplifier, 1-38
output, V-6565
RGR, T1-704
smming, clarnping eircyit and,
Mm-710
TV awplilicrs, 1-688, 1-690, [11-39,
IV-4RZ, IV-483}
variable-gain video loop-through,
V658
amplilier/driver, VI-683
ATV video sampler circuit, V-656
audiofvideo switcher cireuit, IV-
540-541
automatic TV turn-off, 1-677
bullers, V-93
cable driver, VI-200, VI-678
camers-image lracker, analog
voltage, IV-608-80%
catnera link, wireless, II-718
chroma demodulator with RGB
rmatrix, N1-716
cuax cable driver, VI-201
color amplifier, [11-724
color-bar generator, IV-614
comunercial zapper, V-334-335
cotnposile-video signal text adder,
[11-716
converlers
RGB-Lo-NTSC, IV-611
video a/d and d/a, IV-610-611
cross-haleh generator, coler TV, 1M1

tata interfuce, TTL oscillator, II-372
e restorer, I-723, V-659
recoders
NTSC-1o-BGR, 1V-613
sterco TV, 1-187, V-576-679, V-
SRU
video line decoders, VI-171
delayed video trigger for
oscilloscopes, VI-464
deteclors
17, MC13/MC1352 design, [-633



low-level video, I-GB7-68Y
transmitter tests, VI-37
dowmneonverter, VI-40-41, VI-d4-45
differential video loop-through
amplifier, V-657
driver, two-input videe MUX cable
driver, VI-197
duramy load for Lransmitter tests,
V1-37
equalizer, VI-681
fader, V-65%
filter, V8B filter for LM 2880, V1-219
pray-scale generator, Luropean line
standard, VI-G80
gray-scale video generalor, NTSC,
VI-679
high-performance video switch, 1
728
horizontal deflection cirguit, V1182
[F amplifier, 4.5-MHz sound, V-655,
VI-678
IF detector, amplifier,
MC130/MGCL352, 1-G88
I8D 100CA record/playback circuit,
VI-50
line driver, VI-G83
line pulse extractor, IV-612
line receiver, VI-550
line/har generator, V-662
lonp-thru amplifier, IV-616
master cireuit, video master, V-661
mixer, high-performance video
mixer, [V-G09
maodnlators, [-437, 1-439, 11-371, 11-
372, 11133, [[-434, VI-399, V1-403
menitors, RGB, blue box, HI-09
monachrome-pattern generator, IV-
A17
multiplexer, cascaded, 1-of=15, III-
393
MUX cahle driver
olti ingatt, V-657
Lwo-Thplit, V-657
NTSC-to-RGRB converter, VI-677
one-of -two video selector, VI-676
op amp civenits, IV-616
output amplifier, V-655
PAL/MNTSC decoder with RGB
input, M-717
palette, [I1-720
picture [ixev/inverter, I11-722
preamnplifier, TM-H46, V-660, VI-37
remote control, TR relay, VI-263
rf aruplifiers, TV sound system, V-
514
rf up-converter for TVRO
subcarrier reception, TV-H01
RGB-composite converter, T-714
sampler circuit, ATY video, V-056
satellile TV audio switcher, TV-N43
seleclor, V-660
signal-amplitude measurer, V-309
signal elamp, 111-726
sound, IVIM LF amplifier with
quadrature, 1-690
staircase generator, VI-h97
sterpa-sound decoder, 1167
stereo TV decoder, V-B76-R78, V-
580
summing arplifier, VI-681
sweep/function generator, VI-238-
241

switching circuits, 111-719, TIT-725,
TII-727, IV-618-621, V1-680
video/audio switch, V-bB6
wideband for RGD signals, V-587

awitching power supply for color
TV, SCR, VI-487

syne circnits, VI-615-618

syne separator, I-715, IV-616

syne stripper/video interface, V-659

tester for VCR head amplificr, V1-48

titler, VI-672-674

transmitter, TV, [I-676, IV-594, VI
34, V1I-36, VI-36, VI-38-34, V1-42-
43

TV sound system, rf amplificrs, V-
hi9

twisted-pair video driver/receiver
circuit, VI-682

variable-gain video loop-through
amplifier, V-G58

VCR video detector controlicr, V1-
178

VOR/TV en-off control, V-133

vertical deflection circuit, VI-374

video, power, channel-select signal
carrier, V-344-345

JHF nseillator, tunable, VI-456

VHF beacon transmitter, VI-66:3

wireless camera link, III-71

-VLF/VHF wideband antenna

low-noise. active, V-33
vocal eliminator, IV-18
voice communications
light-heam transmitter/receiver, V-
260
personal message recorder, V-330-
1
voice-mail alert for telephone, V-
607
voice scrambler/descrambler, IV-26,
W27
voice substitute, electronic, [11-734
volce-activated citewits (see also
suund-operated circuits;
telephone-related cireuits), M-
729734, TV-A22-624, V-h4b-555
uc line-voltage announcer, III-720
allophone generator, 111-733
arplilier/switch, T-608
computer speech synthesizer, I11-
TR
dinled phone mumber vocalizer, I11-
731
disguiser for voices, V-320-327
inlereoms, V-239, VI-AT6
level meter, VI-194
message system, single-chip, VI-373
seanner voice sgueleh, TV-624
scrambler, V-554
speech detector, 11-617, 11610
stripper, vocal stripper, V-546-547
switches, I1-B80, IV-527
switch/anplilier, 1-608, V-553
vocal stripper, V-546-547, VI-372,
VI-373
voice identifier lor amateur radio
use, V-5560
voice subslilute, electronic, HI-7341
VOX circuit, IV-623
voltage bias regulator, VI-H19
voltage-controlled araplifier (VCA), I-
31, 1-5u8, Iv-20, VI-A54-685
attenuator for, 1I-18
differential-to-single-ended, MM-670
reference, 1-36
tremelo circuit, 1-598
variabie gain, 1-28-29
voltage=controlled oscilators (VCO),
[-702-704, II-702, 1I1-735, TV-625-
630, V-683-667, V]-885-687

“3-6 V regulaied output converter,
TT-739
10 Hz to 10 kHz, I-701, HI-735-741
three-decade, V-660
Ahh-VOO, IV-627
andio-frequency VCO, IV-626
basic circuit, V-666, V-867
crystal oscillator, [11-133, 1V-124
current sink, voltage-conlrolicd, 1V-
629
NS digital, V1-447
driver, np-amp design, [V-362
linear, I-701, IV-628
triangle/square wave, I[-263
logarithmic sweep, III-738
ane-shot, 11-266
precision, I-702, [1I-431
restricted-range, IV-627
sine-wave oscillator, V-666
simisoidal 3-Hz to 300-kHz, V-664-
665
stable, [V-372-373
sllare-wave generators, ¥-670
supply voltage splitter, III-738
threa-decade, I-703
-based, V-600
T™MOS, halanced, III-736
twn-decade, high-frequency, [-704
varactorless, IV-630
variable-capacitance diode-sparked,
[I-737
YHF nseillator, voltage-tuned, IV-
B28
waveform generator, H1-737
wide-range, TV-027, IV-620
vollage-controller, pulse generator,
11[-524
vollage convertersdinverters, II1-742-
748, V-668-669
12-10-16 ¥, IT-747
de-lo-ac inverter, V-669
de-Lo-de, H1-744, TTT-746, V-069
fAyback, high-efficiency, H1-744
fyback-switching, self-cacillating,
111-748
negalive voltage, ul-controlled, TV-
117
offline, 1.5-W, T11-746
regulated 15-V 8-V driven, I11.745
splitter, 11-743
unipolar-lo-dual supply, T1-743
voltage-Lto-current converters, I-
163, 1-166, 11-124, TIT-110, TIT-120,
IV-118, VI-153
voltage-lo-frequency converters, I-
707, 1-749-757, IV-638-642
1 Hz-to-10 Milz, 111-TH4
1 Hz-to-30.MI e, 11-750
1 Hz-to-1.25 Mliz, 11i-755
5 kHz-to-2 Milz, 11-752
10 He to 10 kHe, 1708, UI-110
accurate, [II-766
differential-inpul, 111-750
function generators,
potentiomeler-position, V-2
low-cosl, [11-751
low-frequency converter, TV-641
negative inpul, [-708
optocoupier, 1V-642
positive inpul, 1-707
precision, H-131
preserved inpul, HI-753
ultraprecision, I-708
wide-range, 11I-751, LLL-7562
voltage-to-pulse duralion converter,
11-124
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vallage converters/inverters,
continued
vollage-ratio-to-frequency
converter, 1II-116
vollage detector
glitch detector, VI-178
grid leak detector, VI-179
voltage deleclor relay, battery
churger, I1-78
voltage doublers, [1-4569, IV-635, V-

cascaded, Cockeroft-Walton, TV-635

Lrizc-controlled, I11-468
voltage followers, 1-40, 111-212, VI-
127, VI-386
fusl, [-34
neninverting, 1-33
signal-supply operation, amplifier,
I1-20
vollage inverters, precision, IM1-298
vollage indicators/meters (seq ndso

voltmeters), I1I-758-772, TV.423,

VI-888-695

amplifiers, VI-689, VI-695

audible voltage indicator, V1-694

automotive battery voltage gauge,
W47

baltery-voltage measuring
regulator, IV-77

calibrator, VI-693

comparator and, 11-104

de meter, expanded scale, VI-692

five-step level detector, I-337

frequency counter, II1-768

HTS, precision, I-122

level detectors, 1-338, T1-172, 111-
759, l1I-770

low-voltage indicator, 11-76%

monitor, V-315, VI-689, V694

multiplexed commaon-cathade LED

ADC, TI-764
over/under monitor, T1T-762
peak program detector, 111-771
solid-state battery, I-120
ten-step level detector, 1335
visible, 1-338, 111-772
voltage freezer, I1I-763
voltage-level circuit, V-301
voltage multipliers, IV-631-637, v-
870-672

2,000 V low-current. supply, [V-636-

637
10,000 ¥ de supply, TV-631
corona wind generator, [V-633
doublers, 111-4534, TV-635

eascaded, Gockeroft-Walton,

IV-635

de, V-672

triac-controlled, 111-468
high-voltage tripler, V1504
lager power supply, 1V-636
low-frequency multipiicr, [IV-325
negative-ion generatar, high-

voltage, 1V-634
quadrupler, de, V-871

tripler, IV-637, V-671, VI-504, V]-531

voltage probes, V-474
voltage references, [I1-773-775
bipolar source, 11-774
digitally controlled, HI-775
expanded-scale anulog meter, I11-
774
positive/negative, Lracker for, III-
667
variable-voltage reforence source,
V327
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vollage regulators, [-601, T-511, T1-

484, [11-485, VI-482, VI-486, VI-
561-567

0- 1o 10-V at 3A, adjustable, -511

0- Lo 22-V, [-510

U- Lo 30-V, I-510

3 A, O1-472

3.3-V adjustable, VI-489

4- 1o 70-V, VI-493

5 ¥, low-dropout, [I1-461

5V, 1A, 500

5V, ullrastable reference, 1-447

& A, variable output switching, T-
513

8- from 5-V regulator, V-469

10 A 1-510

10 A adjustable, II[-192

16V, high-stahility, 111-468

15V, 1 A, remote sense, [-499

15V, slow-turn-on, III-477

-15 V negative, I-499

45V, 1 A switching, [-489

90V rms voltage regilator with
PUT, 11479

100 Vrms, 1-496

200 kHz, 1-491

200-V, VI-505

ae, [1-477

adjustable output, I-506, T-512

application circuit, [-492

automotive circuits, MT-48, TV-67

ballery power suppliers, I-117, 1V~

i

bilateral source/load power system,
VI1-488

bucking, high-voltage, TTT-481

combination voltage/current
regulator, V-4hh

common hot-lead regulator, [V-467

constant voltage/constant currend,
1-608

current and thermal protection, 10
amp, [1-474

Darlington, IV-421

dual-tracking, 111-462

efficiency-improving switching, 1V-
464

fixed pnp, zener diode increases
output, T-184

fixed-current regulator, 1V-d67

fixed supplies, [1I-461, 111-468, I1I-
471477, IV-408, V-462-467

flyback, off-line, IT-481

Toldback-current limiring, 11-478

high- or low-input regalalor, IV-466

high-stability, T-49%, 1-502, 111-468

high-voltage power supplics, [-509,
I1-478, TIT-485, 111-480, VI-A00, VI-
st}

IC regulator protector, VI-483

inductorless, i11-476

junk transistors, V1-497

LM317 design, V466

loss cutter, V-467

low-dropontt, 5-V, 11-461, VI-486

low-power, T-645, 111-490
low-voltage, 1602, 1511

linear, TT-468, 111459

mobile, I-498

MPT], multiple output, I-513
nultiple on-card adjuster, VI-4904

-negafive, -498, 1-489, 111-474, V-

46h
npn/png boost, [11-475
off-line Iyback regulator, 1-481
php, 11-484

puositive, [-498_ 111471, I11-475, V1-
4491, VI-518

pre-regulators, 11-482, HI-480, 111492

programmable, IV-470

prejection lamp, I1-305

PUT, 80 V rmsg, 11-479

radialion-hardened 1254 linear
regulator, 11-468

remole shutdown, [-510

SCR preregulator for, 11-482

single supply voltage regulator, I1-
47

sensor, LM317 regulator sensing,
1V-4G6

shorl-circuit protection, low-
vollage, 1-602

single-ended, [-493

single-supply, [1-471

slow-turn-on 15 V, 1-199

step-dowr, 1-493

step-up, II-78

swilching supplies, 1-491, 1-492, 1-
493, 1-497, [-498, 1-513, 1I-78, T11-
472, 1-476, 111-490, 1V-408,
IV-463, V-453, VI-484
3-A, 1T-472
3 W, application circuit, T-482
5V, 6 A 25 kHz, separate
ullrastable reference, 1-497
6 A, variable output, I-513
200 kHz, [-491
high-current inductorless, M1-476
low-power, I11-490
multiple output, for use with
MPU, [-513
step down, [-493

variable current source with voltage
regulation, IV-470

variable supplies, 111-490, [1[-441,
[1-492, IV-421, TV-468 470
crowbar limiting, VI-515
current limiting, VI-618
current source, H1-490)

zener design, programimatile, [V-470

voltage sources

mijllivolt, zenerless, I-656
programmable, [-694
pseudorandom, VI-381
voltage splitter, ITI-738

voltmeters, II[-76H8

3.5 digit, I-710
full scale, III-761
true rms ac, [-713

4 b-digit, ITI-760

5-digit, IT-760)

ae, I1-765, VI-690-691
wide-hand, I-716
wide-range, 111772

add-on thermometer for, [1-640

bar-graph, 1-99, 11-54

de, TII-763, V16492
high-input. resistance, [11-762
low-drift, V-301

digital voltmeters (DVM}, [II-4, VI-
593, VI-329
3.0-digit, cormmon anode display,
1713
3.5-digit, full-scale, four-decade,
I-761
3. 75-digit, 1711
4.5-digit, 111-760
4.5-digiz, LCD display, 1-717
auto-calibrate circuil, 1-714
antomatic nuliing, 1-712
interface and temmperature sengor,
1-84%



LED readout, IV-2806
temperature sengor and DVM, 647
FLT, 714, TI-760, HI-770
high-input resistance, III-768
JFET, V-318
LELD expanded scale, V-311
millivoltmetars, 11-767, 111-769, 1V-
289, TV-294, IV-285
ac, 1-716
audio, II-707, TII-769
de, TV-205
foar-range, IV-28%
high-input impedance, 1- 715
LED readout, IV-204
oI, [-405, TIT-760
voltehmimeters (VOM)
field strength, 1-270
phase meter, digital readout, IV-277
volume amplifier, [[-16
valumne control circuits, [V-643-646
Lelephone, TI-623
volume indicator, audio amplifier, IV-

volume limiter, audio signal
arupliliers, V-H9
VOR signal sirnulator, IV-273
voling circuit, noise-hased, V1-422-
423
vox box, [1-H82, TV-HZ3
Vpp generator, EPROM, 1I-114
VU meters, 111-487
cxtended range, [I-487, I-710
LEL display, V-211

w
waa-wai circuit, 1-H90
wailers (see alarns; sirens)
wake-up call, clectronie, 11-324
walkmman amplifier, 11-456
warblers (see alarins; sirens)
warning devices
auto hights-on warning, i-H5
high-level, 1-387
high-speed, 1-101
iight, 1I-320, 11-817
low-level, audio output, 1-391
speed, I-96
varying-frequency alarm, TI-R79
water-level sensars (see fuid and
moisture detectors)
water-temperalure gauge,
automolive, 1V-44
wattmeter, I-17, VI-342
wave-shaping circuits {see also
waveform generalors), [V-646-651
capacitor for high-slew rates, V-
G50

clipper, glitch-free, IV-548

flip-flop, 5/R, [V-651

harmenic generator, IV-6449

phase shifter, [V-647

rectifier, full-wave, IV-650

signal conditioner, IV-649

waveform generators (see also burst

generators; funclion generators;
sound generalors; SquUAare-wave
generators, wave-shaping
circuits), [1-26%, I1-272, V-200-
207, VI-698-702

AM broadeast-band, 1V-302

AM/IF, 455 kHz, IV-301

audio, precision, 111-230

four-output, [[[-223

harmonic generators, 1-24, 111-228,
V-649

high-frequency, 1-150
high-speed generator, 1-723
monoslable multivibrator, VI-700
pallern generator/polar-to-rect.
converier, V-288
precise, 11-274
pulse generator, V1-699
PWM signal generatar, VI-698
ranp generators, I-540, [1-521-523,
B1-526-527, TV-443-447
B55 bused, V-2014
aceurate, [I1-626
integrator, initial condition reset,
11-547
lingar, 11-270
variable reset Jevel, T1-267
vollage-controlled, 71-523
sawloolh generator, TME-241, [V-444,
IV-446, V-204, V-205, V-491, VI-
575-877, VI-701
signal source [or audio
amplificr/invertey, VI-702
sine-wave generators, TV-505, TV-
506, V-4, V-542, V-543, V-5dd,
VI-701
60 Hz, 1V-507
audio, 11-664
LC, IV-507
LI7, IV-512
oscillalor, audio, [11-559
squarc-wave and, tunable
oscillator, 111-232
VLF audio Lone, 1V-308
sine/eosine generator, VI-700
sine/squarc wave generators, -65,
11-232, [V-512
square-wave generators, 11-594-600,
111-225, [Mi-239, 111-242, 111-583-
585, IV-529-536, V-568-570, VI-
593-594
1 kHe, IV-536
2 MHz using two TTL gates, 11-698
bES timer, [I-695
astable circuit, 1V-554
astable multivibrator, [1-597
CMOS 555 aslable, true rail-to-
rail, [I-546
duty-cycle mullivibrator, 11-50-
percent, [1I-584
four-decade design, IV-535
high-current osciliator, 111-585
line frequency, II-B44
low-frequency TTL oscillator, 11-
595
muitiburst generator, i[-88
multivibrator, [V-636
oscillators, I-613-614, 1-616, 11-
596, [1-697, 11-616, IV-532, IV-533
phase-tracking, three-phasc, [1-598
pulse extractor, III-584
quadrature-outputs oscillator, I11-
B85
sine-wave and, tunable oscillator,
III-232
three-phase, 11-600
tone-burst generator, single Limer
IC, I1-89
triangle-wave and, 111-225, [I1-239,
IM1-242
TTL, LETTL, CMOS designs, IV-
530-H32
variable duty-cycle, [V-533
variahle-frequency, [V-535
staircase generators, 1-730, II-801-
602, TI[-H86-588, IV-443, VI-595-
599

stepped waveforms, 1V-447
sweep generators, [-472, H-438
test signal generator, V1-702
three-phase digital, VI-342
triangle-wave, 111-234, V-203, V-205,
V-206, VI-607, VI-698
stepped, VI-546
squarc wave, [-726, 11-225, I1-
230, 11-242, V-206
timer, lingar, 11-222
two-function, [1-234
VCO and, III-737
waveguide circuits, VI-703-704
wavemeter, tuned RIY, 1V-302
weather-alert decoder, IV-140
weight scale, digital, 11-398
Wheatstone bridge, VI-123, V1-148
Wheel-of-Fortune game, [V-2086, V1-
264
whistle, steam locemotive, [1-589, 111-
568
who's first game cirewil, 111-244
wide-range oscillators, [-69, 1-730, 111-
425
wide-range peak detectlors, {11-152
hybrid, 500 kHz-1 GHe, [11-265
instrurnentation, 11-281
miniature, I11-265
UHF amplifiers, high-performance
FETs, II-284
wideband amplifiers
low-noise/low-drift, 138
two-stage, [-68%
rf, IV-489, IV-480, IV-491
HF, IV-452
JFET, IV-483
MOSFET, IV-492
two-CA3100 op amp design, 1V-
181
unity gain inverting, I-35
wideband signal splitter, III-682
widehand twe-pole high-pass filler,
I-215
Wien-bridge filter. III-659
notch filter, [[-402
Wien-bridge oscillators, 1-62-63, 1-66,
1-70, I1-666, [11-429, [11-558, 1V-
374, IV-377, IV-b11, V-415, V-
419, V-b4l, VI-43%, VI-444
{’MOS chip in, [I-568
low-distortion, thermally stable, I11-
H57
low-voltage, 111-432
sine wave, 1-66, 1-70, II-566, IV-510,
V-513
single-supply, II-658
thermally stable, III-557
three-lecade, [V-510
variable, [II-424
very-low-distortion, IV-512
wind chimes, electronic, VI-591
wind-powered battery charger, II-70
windicator, 1-330
window circuits, 11-106, II-80, TII-
TTE-TR1, IV-55-669, V-673-674
comparator, IV-656-657, IV-658, IV-
B53, V-299, V-674
detector, 1-235, TT1-776-781, [V-658,
VI-181
digital frequency window, [II-777
discriminator, T-781, V-674
generator, IV-6567
high-input-impedance, 11108
windshield wiper circuits (see
automotive cireiits)
wire tracer, [1-343
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wireless miceophones (see
microphones)
wireless speaker system, IR, III-272
wiring
ac outlet tester, V318
ac wiring locator, V-317
two-way switch, V-591
write amplifiers, 11118
WWV converter, VI-147
WWY receiver, VI-538-519, VI-558

X

xenon flash trigger, slave, 11-447
XOR gates, [V-107
complementary signals generator,
11-2246
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ascillator, 111-429
up/down counter, 11-105

Y
yelp oscillator/siven, L-577, I-562

¥/
Z80 clock, II-121
Z-Dice game 248-249, V[-248
zappers, battery, 11-64, 11-66, 11-68
zener diodes
clipper, fast and symruetrical, TV-
329

increasing power viting, 1-496, II-
480

limiter using one-zener design, V-
257
test sot, V321
tester, 1-400
variable, 1-507
voltage regulator, programmatile,
TV-470
zera erossing detector, 1-732, I-733,
T-173
ZeTo crossing switch, VI-606
zern meter, suppressed, 1-716
Zero-point switches
temperature control, I11-624
triac, [I-311
zero-voltage swilches
closed conlacl half-wave, II[-112
solid-state, 11-410, I1-416
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