Rudolf F. Graf & William Sheets

prage,

VaORILUMNME X




VOoOIL1LUME -4



Patent notice

Purchasers and other users of this book are advised that several projects described
herein could be proprietary devices covered by letters patent owned or applied for. Their
inclusion in this book does not, by implication or otherwise, grant any license under such
patents or patent rights for commercial use. No one participating in the preparation or
publication of this book assumes responsibility for any liability resulting from unlicensed
use of information contained herein.



VaOILUMNME 4

Rudolf F. Graf & William Sheets

TAB BOOKS
TAB

Blue Ridge Summit, PA




FIRST EDITION
FIRST PRINTING

© 1992 by Rudolf F. Graf and William Sheets.
Published by TAB Books.
TAB Books is a division of McGraw-Hill, Inc.

Printed in the United States of America. All rights reserved. The publisher takes no
responsibility for the use of any of the materials or methods described in this book,
nor for the products theredf.

Library of Congress Cataloging-in-Publication Data

(Revised for volume 4)

Graf, Rudolf F.
Encyclopedia of electronic circuits.

Vol, 4: By Rudolf F. Graf and William Sheets.
Includes bibliographical references and indexes.
1. Electronic circuits—Encyclopedias. 1. Sheets,

William. I. Title.

TK7867.G66 1985 621.3815'3 84-26772

ISBN 0-8306-0938-5 (v. 1)

ISBN 0-8306-1938-0 (pbk. : v. 1)

ISBN 0-8306-3138-0 (pbk. : v. 2)

ISBN 0-8306-3138-0 (v. 2)

ISBN 0-8306-3348-0 (pbk. : v. 3)

1SBN 0-8306-7348-2 (v. 3)

ISBN 0-8306-3895-4 (pbk. : v. 4)

ISBN 0-8306-3896-2 (v. 4)

TAB Books offers software for sale. For information and a catalog, please contact
TAB Software Department, Blue Ridge Summit, PA 17294-0850.

Acquisitions Editor: Roland S. Phslps

Technical Editor: Andrew Yoder

Director of Production: Katherine G. Brown

Cover Design: Holberg Design, York, PA TAB1



Contents

W o N DE WON -

O S G Y
WO

Introduction

Active Antennas
Analog-to-Digital Converter
Annunciators

Antenna Circuits

Audio Effects Circuits

Audio Scramblers

Audio Power Amplifiers

Audio Signal Amplifiers
Automotive Instrumentation Circuits
Automotive Security Circuits
Automotive Light Circuits
Automotive Electronic Circuits
Battery Chargers

Battery Monitors

ix

11
15
25
28
34
43
49
57
63
68
73



15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

Bridge Circuits

Burglar Alarms

Buffers

Carrier-Current Circuits
Compressor/Expander Circuits
Computer-Related Circuits
Converters

Crystal Oscillators

Data Circuits

Detectors

Direction Finders

Dividers

Driver Circuits

Electronic Locks
Field-Strength Meters

Filter Circuits

Flashers and Blinkers

Fluid and Moisture Detectors

Frequency-to-Voltage Converters

Function Generators
Games

Ground-Fault Hall Detector
Indicators

Infrared Circuits
Instrumentation Amplifiers
Intercom

Interface Circuits

Keying Circuits
Light-Control Circuits
Limiter

Mathematical Circuits

81

84

88

91

94

98
110
121
129
134
146
150
157
161
164
167
178
184
192
196
203
208
210
219
229
235
238
243
246
255
258



46
47
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
7
72
73
74
75
76

Measuring and Test Circuits

Measuring and Test Circuits (¥, I, and R)
Measuring and Test Circuits (High-Frequency and RF)
Measuring and Test Circuits (Sound)

Metronomes

Microwave Amplifier Circuits
Miscellaneous Treasures
Mixers

Model and Hobby Circuits
Motion and Proximity Detectors
Motor Control Circuits
Noise-Reduction Circuits
Operational-Amplifier Circuits
Optical Circuits

Oscillators
Photography-Related Circuits
Power-Control Circuits

Power Supplies (Fixed)
Power Supplies (High-Voltage)
Power Supplies (Variable)
Power-Supply Monitors
Probes

Pulse Circuits

Radar Detectors

Ramp and Staircase Generators
Receivers

Receiving Circuits

Regulator Circuits

Regulators (Variable)

Relay Circuits

RF Amplifiers

264
283
297
304
312
315
320
330
337
341
347
354
357
365
370
378
383
390
409
414
422
428
435
441
443
448
456
462
468
471
476



77
78
79
80
81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99
100
101
102
103
104

RF Converters
Sample-and-Hold Circuit
Sine-Wave Oscillators

Sirens, Warblers, Wailers, and Whoopers

Sound Effects
Sound-Operated Circuits
Square-Wave Generators
Switching Circuits

Tape Recorder Circuits
Telephone-Related Circuits
Temperature Circuits
Temperature Sensors
Thermometer Circuits
Timers

Tone-Control Circuits

Touch Controls

Transmitters and Transceivers
Ultrasonic Circuits

Video Circuits
Video-Switching Circuits
Voice-Operated Circuits
Voltage-Controlled Oscillators
Voltage Multiplier Circuits
Voltage-to-Frequency Converters
Volume/Level-Control Circuit
Wave-Shaping Circuits
Wireless Microphones
Window Circuits

Sources

index

494
502
504
514
518
525
529
537
547
549
565
568
573
578
587
590
595
604
607
618
622
625
631
638
643
646
652
655
660

683



Introduction

Volume 4 of Encyclopedia of Electronic Circutls contains many new, not previously cov-
ered circuits, organized into 104 chapters. Circuit titles are listed at the beginning of
each chapter, for references. Most of these circuits appeared in publications since 1988
and should be very useful for obtaining new ideas for research and development, or sim-
ply to fill a need for a specific circuit idea or application. Those wishing to develop their
own circuits will find this book indispensable as a source of ideas, to see how others have
solved a problem or approach a design, and to obtain a starting point toward a new
design.

A brief explanation accompanies almost every entry. Those that have been omitted
are either repetitive, obvious, or too involved to describe in-few words. In this case, the
reader should consult the original sources (as listed in the back of the book).

We also wish to extend our sincere thanks to Ms. Loreita Gonsalves for her fine
work at the word processor. Her skill and cooperation contributed much to the success-
ful completion of this book.

Rudolf Graf and William Sheets

ix
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Active Antennas

The sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Active Antenna with Gain
Active Antenna I

Active Antenna II

Wideband Active Rod Antenna



ACTIVE ANTENNA WITH GAIN
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POPULAR ELECTRONICS Fig. 1-1

The signal booster, built around a few transistors and support components, offers an RF gain of about
12 to 18 dB (from about 100 kHz to over 30 MHz).

The RF signal is direct-coupled from Q1’s source terminal to the base of Q2, which is configured as a
voltage amplifier. The output of Q2 is then direct-coupled to the base of Q3 (configured as an emitter-
follower amplifier). Transistor Q3 is used to match and isolate the gain stage from the receiver’s RF-input
circuitry.

Inductor L1 is used to keep any power source noise from reaching the FET (Q1) and any value of RF
choke from 0.5 to 2.5 mH will do. The value of R2 sets the Q2 bias at about 2 V. If the voltage is less than 2
V, increase the value of R2 to 1.5 k(). To go below 100 kHz (to the bottom of the RF spectrum), increase
the value of C1 to 0.002 uF. The antenna is a short pull-up type (42" to 86” long).




ACTIVE ANTENNA |

This circuit is designed to make a short pull-up
il o antenna perform like a long wire antenna, while
offering no voltage gain. The circuit boosts the
receiver’s performance only if the signal at the

antenna is of sufficient level to begin with.
This circuit takes a short pull-up antenna that
a has a high output impedance and couples it to the
2N3904 o receiver's low input impedance through a two-tran-
RECEIVER'S sistor impedance-matching network. Transistor

o N MINAL Q1’s high input impedance and high-frequency

. characteristics make it a good match for the short
1K ©oTOGND antenna, and Q2's low output impedance is a close
b I_TE"M""AL match for the receiver’s input. This circuit is usable
- - over the range from 100 kHz to 30 MHz.
POPULAR ELECTRONICS Fig. 1-2
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This circuit provides 14~ to 20-dB gain at frequencies from 10 kHz to 30 MHz. The antenna length can
be anything between 5 and 10 feet. A 102-inch CB whip is excellent for this purpose.




WIDEBAND ACTIVE ROD ANTENNA
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A J309 Siliconix FET feeds a 2N5109 in a wideband RF amplifier configuration. A relay is used to
bypass the amplifier in the transmit mode (if desired). A 2-m 5/s-wave whip is used as the active antenna
element. The amplifier is fed dc via the coax cable, which makes the use of only a single coax lead for both
signal and power. Ul is a surge arrester for electrostatic discharge protection.
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Analog-to-Digital Converter

The source of the following circuit is contained in the Sources section, which begins on page 660. The
figure number in the box correlates to the entry in the Sources section.

A/D Board



A/D BOARD
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An IBM PC can operate the two 12-bit A/D converters in Fig. 1 via its printer port. The converters’
serial outputs use only two of the printer port’s eight data lines (DATA A OUT, DATA B OUT). Because
the IBM PC'’s printer port supplies no power, interface software running on the PC programs the six
unused data lines high. Busing these data lines provides power for the digital portion of the A/D con-
verters. (The converters have internal optoisolators. Consequently, you must provide isolated supplies for
their analog sides.)

Although the converters can execute 12-bit conversions in 6 us, the slow software-driven approach
used in this Design Idea stretches conversion periods out to about 100 us (depending on your PC's clock
speed).

The circuit takes advantage of the converters’ optoisolator inputs to put their clock and start inputs in
series, Therefore, the converters operate synchronously.

The accompanying software starts the conversions, issues clock pulses, reads the data bits as they
become available, and stores them in memory. The listing is too long to reproduce here; you can obtain it
from the EDN BBS (617 -558 -4241, 2400, 8, N, 1).
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Annunciators

The sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Electronic Door Buzzer

Door Buzzer

SCR Circuit with Self-Interrupting Load
Electronic Bell

Two-Door Annunciator



ELECTRONIC DOOR BUZZER
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When S1 is depressed, an initial positive voltage is placed on C2 and the noninverting terminal of Ul.
The circnit oscillates at a low frequency. As C2 charges up through R3, a rapid increase in frequency of
oscillation results, producing (at SPKR1) a rapidly rising pitched sound. This sound is easily recognized
over ambient noise.
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POPULAR ELECTRONICS Fig. 3-2

An LF357 functions as a swept-tone oscillator, driving Q1 and SPKR1. A 9-Vdc supply is required.




SCR CIRCUIT WITH SELF-INTERRUPTING LOAD

A self-interrupting device connected to a volt-
age source functions as a switch that repeatedly
opens and closes; therefore, the circuit does not

D1 latch in the normal way, so the alarm operates only
1N4001 L as long as Sl is closed. Because of the inductive
BT nature of that type of load, a damping diode (D1)

&V must be wired across it.
SCR1 1 The circuit can be modified to provide a self-
C1060 latching action simply by wiring a 470-{} resistor in
parallel with the alarm. The circuit latches because
the anode current of the SCR does not fall to zero
when the alarm self-interrupts, but to a value that
is determined by the value of the R3. The circuit
o can be unlatched by pressing S2, thereby enabling
RADIO-ELECTRONICS Fig.3-3  he anode current to fall to zero when the alarm

self-interrupts.
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A 555 timer pulses twin-T oscillator Q1. Q2 acts as an output buffer. R7 adjusts the frequency of
oscillator Q1.




TWO-DOOR ANNUNCIATOR
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When the pushbuttons at either door are depressed, this circuit generates a different tone for each
door. Tones are generated by phase-shift oscillator Q1/Q2. Q3 provides tone frequency change by chang-
ing the phase-shift network. U2 and U3 are timers for the tones and Q4/Q5 interface the timers with the
pushbuttons,

10
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Antenna Circuits

R

’Ele sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Loop Antenna for 3.5 MHz
1-to 30-MHz Anterna Tuner

11



LOOP ANTENNA FOR 3.5 MHz

7N
#

SPIRAL LOOP
u

RGSE 500
CO-AXIAL

FEEDUNEm
| Iqty
. /
| ##
* ) D!
ELEKTOR ELECTRONICS USA Fig. 4-1(a)
COMPONENTS LIST

C1=3750 pF 500 V silver-mica capacitor.

€2 =100 pF presst capacitor {Jackson C803).

C3 =75 pF variable capacitor (Jackson C809), plus knaob.

C4 =12.7 pF variable capacitor (Jackson C186), plus knob.

C5 = 22 nF mica capacitor.

M =250 pA {.5.d. 40 x 40 mm moving coil meter (Maplin LB808).

D = HF silicon diode.

R =1 k2 resistor (see text).

L1 =5/ turns of PVC covered stranded 7/0.2 mm wire. Outside diameter: 1.2 mm, 1 kV/1.5 A rating (see text).
L2 =13 turns 18SWG tinned wire, 1 inch internal diameter.

Feedline = 48 inch RG58 coaxial cable, plus plug to suit transmitter.

Box = ABS box type MB3, 118 x 96 x 45 mm. Maplin ref. LH22.

Terminal blocks = qty. 4 12.way 2 amp terminal block. Maplin ref. FE78.
Spacers =qty. 3 insulated spacer type M3, 30 mm long, Maplin ref. FS40T.
Spokes = gty. 4 8-foot lengths of 5/a x 1/2 inch molded hardwood (DIY store).
Vertical support =23 x 0.8 x 0.8 inch wood (DIY stors).

Wood base = 12 x 8 x 0.5 inch plywood or similar.

21/2 inch stesl support bracket.

12



LOOP ANTENNA FOR 3.5 MHz (Cont.)
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. 4 lengths molded hardwood 30" x 5/8 x 1/4”. Varnished. 2BA holes drilled in the centre. Glued and bolted together.
. 8 off B-way 2-amp polythens terminal blocks used as insulatad wire spacers.
. 51/s turns of PVC stranded wire (for specs see components list).

See Fig. 3.

Wood vertical support 23" x 0.8" x 0.8”, wood stained.

2" x 2BA bolt.

. Box front vertical support, 41/2” x 1/2” x 3/4", wood stained.

. Wood base 127 x 8% x t2" (for similar), wood stained.

. 21/2 steel support bracket behind wood vertical support.

10. Drilled and secured with glue and c/s wood screws.

Note: ” = inch =2.54 cm.

COND O RGN

Suitable for receiving or transmitting (10 W or less) on the 80-m band, this loop antenna might be
helpful when an outside antenna is not possible.

13



1-TO 30-MHz ANTENNA TUNER
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POPULAR ELECTRONICS Fig. 4-2

L1=36T #18 enamel wire
on 2” PVC SCH 40 pipe.

L2=20T #18 enamei (as in L1)
tapped as shown C1/C2,

365-pF variable capacitor,
receiving type.

This tuner will match a random length wire antenna to a receiver or low-power transmitter (<25 W)
for optimum signal transfer.

14
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Audio Effects Circuits

'Ble sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Audio-Frequency Doubler

Audio Fader

Audio Equalizer

Vocal Eliminator

Voltage-Controlled Amplifier

Analog Delay Line (Echo and Reverb)
Musical Envelope Generator and Modulator
Audio Ditherizing Circuit for Digital Audio Use
Derived Center-Channel Stereo System
Low-Distortion Amplifier/Compressor

15



AUDIO-FREQUENCY DOUBLER
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Often the frequency of a signal must be dou-
bled: modulator/demodulator chip LM1496 is an
ideal basis for this.

From trigonometry it is well known that:

2sinxcosx=sin2x
and:

sin® =1 ~ xc0s2x.

These equations indicate that the product of
two pure sinusoidal signals of the same frequency is
one signal of double that frequency. The purity of
the original signals is important: composite signals
would give rise to all sorts of undesired products.

The LM1496 can only process signals that are
not greater than 25 mV: above that level, serious
distortion will occur. The design is therefore pro-
vided with a potential divider at its input. This addi-
tion makes it possible, for instance, to arrange for a
500-mV input signal to result in a signal of only 25
mV at the input of the LM1496.



AUDIO-FREQUENCY DOUBLER (Cont.)

To provide a sufficiently high output signal, the output of IC1 is magnified by op amp IC2, which is
connected as a noninverting amplifier. Because the output of IC1 contains a dc component of about 8 V, the
coupling between the two stages must be via a capacitor, C4.

With values of R15 and R16 as shown, IC2 gives an amplification of 16 (24 dB). The overall ampiifica-
tion of the circuit depends on the level of the input signal: with an input of 1.2 V, the amplification is unity;
when the input drops to 0.1 V, the amplification is just 0.1. The value of the input resistors has been fixed
at 680 Q: this value gives a reasonable compromise between the requirements for a high input impedance
and a low noise level.

T ensure good suppression of the input signal at the output, the voltages at pin 1 and pin 4 of IC1
must be absolutely identical to P4. It is possible, with the aid of a spectrum analyzer, to suppress the
fundamental (input) frequency by 60 to 70 dB.

The output signal at pin 12 is distorted easily, because the IC is not really designed for this kind of
operation. The distortion depends on the level of the input signal. At a frequency of 1 kHz and an input
level of 100 mV, the distortion is about 0.6%; when the input level is raised to 500 mV, the distortion
increases to 2.3%, and when the input level is 1 V, the distortion is 6%. The signal-to-noise ratio under
these conditions varies between 60 and 80 dB.

The circuit draws a current of 10 mA from the positive supply line and 5 mA from the negative line.
The phase shift between the input and output signals is about 45° (output lags). Finally, although the nor-
mal output is taken from pin 12, a similar output that is shifted by 180° (with respect to that at pin 12), is
available at pin 6.
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HANDS-ON ELECTRONICS Fig. §-2

In this circuit, Q1 is a simple amplifier that has its gain controlled by a variable emitter resistance
supplied by FET Q2. In the up position of S1, C3 discharges through R5 and the gain of Q1 decreases
because Q2 is driven toward cut-off. In the down position, Q2 conducts more, depending on the setting of
R6, which causes a gain increase. By varying R5 or C3, various fade rates can be obtained.

17



AUDIO EQUALIZER
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Designed for communications use, this equalizer circuit uses a Mitsubishi M5226P audio equalizer 1C
to adjust frequency response. It runs from a 9 to 20 V supply. C6 through C16 are polyester film capacitors

of + 5% tolerance.
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VOCAL ELIMINATOR

Al_ad = IC1 = TLO7ACK
AS5,A6 = 1C2 = TLO72CP

ELEKTOR ELECTRONICS Fig. 5-4

Otherwise properly mixed sounds often suffer from a predominant solo voice (which might, of course,
be the intention). If such a voice needs to be suppressed, the present circuit will do the job admirably.

The circuit is based on the fact that solo voices are invariably situated ‘‘at the center’’ of the stereo
recordings that are to be mixed. Thus, voice levels in the left- and right-hand channels are about equal.
Arithmetically, therefore, left minus right equals zero; that is, a mono signal without voice.

There is, however, a problem: the sound levels of bass instruments, more particularly the double
basses, are also just about the same in the two channels. On the one hand low-frequency sounds are virtu-.
ally nondirectional and on the other hand, the recording engineers purposely use these frequencies to give
a balance between the two channels.

However, the bass instruments can be recovered by adding those appearing in the left + right signal to
the left - right signal. The whole procedure is easily followed in the circuit diagram. The incoming stereo
signal is buffered by Al and A2. The buffered signal is then fed to differential amplifier A3 and subse-
quently to summing amplifier A5. The latter is followed by a low-pass filter formed by A6. You can choose
between a first-order and a second-order filter by respectively omitting or fitting C2. Listen to what
sounds best.

The low-frequency signal and the difference signal are applied to summing amplifier A4. The balance
between the two is set by P1 and P2 to individual taste.

You have noticed that the circuit does not contain input or output capacitors. If you wish, output capac-
itors can be added without detriment. However, adding input capacitors is not advisable, because the con-
sequent phase shift would adversely affect the circuit operation.
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VOLTAGE-CONTROLLED AMPLIFIER
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ELECTRONICS TODAY INTERNATIONAL Flg. 5-5

The CA3080 can be used as a gain controlling device. The input signal is attenuated by R1/R2 so that a
20-mVpp signal is applied to the input terminals. If this voltage is much larger, significant distortion will
occur at the output. In fact, this distortion is put to good use in the triangle-to-sine wave converter.

The gain of the circuit is controlled by the magnitude of the current IABC. This current flows into the
CA3080 at pin 5, which is held at one diode voltage drop above the — V¢ rail. The gain of the CA3080 is
‘‘linearly’’ proportional to the magnitude of the IABC current over a range of 0.1 yA to 1 mA. Thus, by
controlling [ABC, you can control the signal level at the output. The output is a current output, which has
to be ““dumped’’ into a resistive load (R5) to produce a voltage output. The output impedance at IC1 pin 6
is 10 k€2 (R5), but this is ‘‘unloaded’” by the voltage follower (IC2) to produce a low output impedance.

The circuit around IC3 is a precision voltage-to-current converter and this can be used to generate
IABC. When Vi, (control) is positive, it linearly controls the gain of the circuit. When it is negative, IABC
is zero and so the gain is zero.
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ANALOG DELAY LINE (ECHO AND REVERB)
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ELEKTOR ELECTRONICS

Fig. 5-6

This circuit uses an SAD 512D (Reticon) chip, which is a 512-stage analog shift register. By varying the
clock frequency between 5 and 50 kHz, delay time can be set between 51.2 and 5.12 ms. The clock fre-
qguency must be at least twice the highest audio frequency.
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MUSICAL ENVELOPE GENERATOR AND MODULATOR
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ELECTRONICS TODAY INTERNATIONAL Fig. 5-7

A gate voltage is applied to initiate the proceedings. When the gate voltage is in the ON state, Q1 is
turned on, and capacitor C is charged up via the attack pot in series with the 1-k{) resistor. By varying this
pot, the attack time constant can be manipulated. A fast attack gives a percussive sound, a slow attack
gives the effect of “‘backward’’ sounds. When the gate voltage returns to its OFF state, Q2 is turned on
and the capacitor is then discharged via the decay pot and the other 1-k{? resistor to ground. Thus, the
decay time constant of the envelope is also variable.

This envelope is buffered by IC1, a high-impedance voltage follower and is applied to Q3, which is
being used as a transistor chopper. A musical tone in the form of a square wave is connected to the base of
Q3. This turns the transistor on or off. Thus, the envelope is chopped up at regular intervals, which are
determined by the pitch of the square wave.

The resultant waveform has the amplitude of the envelope and the harmonic structure of the square
wave. IC2 is used as a virtual earth amplifier to buffer the signal and D1 ensures that the envelope dies
away at the end of a note.
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AUDIO DITHERIZING CIRCUIT FOR DIGITAL AUDIO USE
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POPULAR ELECTRONICS

By adding a small amount of noise to a signal to be digitized (about 0.7 bit):

V. -
Viorsn = 0.7 (ﬂﬂ’_l’

)

where: #=# of bits. For example, 8 bits and 2 V p-p would be 0.0055 V.
This circuit uses a transistor (Q1) and an amplifier (Q2 and Ul) to generate the noise signal. Rll
controls the noise injection and R12 controls the gain of the system.

Fig. 5-8
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DERIVED CENTER-CHANNEL STEREO SYSTEM
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Fig. 5-8(a)

LEFT
© /’“"""" AMP.
SOURCE % =
IMPEDANCE ~ ZOLEND
S
o \ RIGHT
....... s

<

LEFT
CENTER

'|||—|| +

RIGHT

Fig. 5-9(b)

A simple method of deriving a center or third channel without the use of an extra transformer or
amplifier. (a) 4-Q speakers are connected to 8-Q amplifier taps. 8 and 16-Q speakers connect to 16-{2 taps.
{(b) By blending the inputs it is possible to cancel out undesired crosstalk.
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LOW-DISTORTION AMPLIFIER/COMPRESSOR
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ELECTRONIC DESIGN Fig. 5-10

Designers can build a 15-dB compressor with a miniature lamp and a current-feedback amplifier. The
circuit possesses extremely low distortion at frequencies above the lamp’s thermal time constant. This
means that distortion is negligible from audio frequencies to beyond 10 MHz. There’s also relatively little
change in phase versus gain compared to other automatic gain-control circuits. Lastly, the circuit has many
instrumentation, audio, and high-frequency applications as a result of its low distortion and small phase
change.

The AD844 op amp is a perfect fit for this application because it’s a current-feedback amplifier. Each
stage of the circuit, U2, lamp, and feedback resistor compresses an ac signal by over 15 dB (see the fig-
ure). Cascading 2 number of stages delivers higher compression ranges,

Op amp Ul operates as a unity-gain buffer to drive the input to the compressor. However, Ul is
optional if a low-impedance signal source is used. The lamp’s resistance will increase with temperature,
which reduces the ratio of resistor R3 to the resistance of the lamp. This ratio reduces the gain of U2. The
lamp’s cold resistance should be greater than the input resistance of U2 (more than 50 {}) for proper oper-
ation. The lamp’s resistance will change slightly for low input levels. Therefore, the ratio of R3 to the
resistance of the lamp and the gain of U2 stays high.
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6

Audio Scramblers

lThe sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Voice Scrambler/Descrambler
Voice Scrambler/Disguiser Circuit
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VOICE SCRAMBLER/DESCRAMBLER
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POPULAR ELECTRONICS Fig. 6-1

This circuit uses an NE602 as an inversion mixer. U2 is set to run at about 2.5 to 3.5 kHz. U3 drives a
loudspeaker. Because speech inversion scrambling is its own inverse, the circuit will also descramble.
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VOICE SCRAMBLER/DISGUISER CIRCUIT
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HANDS-ON ELECTRONICS

Fig. 6-2

This circuit uses two balanced modulators to produce a DSB signal and then reinsert the carrier,
except the carrier now has a different frequency. This causes an input signal to be distorted. A voice signal
will be recognizable with this circuit, but the original speakers’ voice will not be identifiable with correct

adjustments.

Two LM324 op amps act as oscillators that are tuneable from 2 to 3.5 kHz. The frequencies are set
with R12 and R13. T1, T2, and T3 are 600 {} CT/600 £ audio transformers—available from Mouser Elec-

tronics, Inc.
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7

Audio Power Amplifiers

Tixe sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.

12-V/20-W Stereo Amplifier

General-Purpose 5-W Audio Amplifier with ac Power Supply
Bull Horn

Receiver Audio Circuit

Audio Amplifier

8-W Audio Amplifier

Simple Op Amp Audic Amplifier
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12-V/20-W STEREO AMPLIFIER
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POPULAR ELECTRONICS Fig. 7-1

This amplifier delivers 20 W per channel. Input sensttivity is about 300 mV into 47 k{2, Notice that a
bridged output is used, so the speakers are operated with both wires above ground. A +12-V supply is
used. Ul and U2 must be heatsinked.
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GENERAL-PURPOSE 5-W AUDIO AMPLIFIER WITH ac POWER SUPPLY
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RADIO-ELECTRONICS Fig. 7-2

This general-purpose low-power (5 W) audio amplifier is suitable for driving a speaker of approxi-
mately 8 to 12 inches. A Sanyo 1.LA4460 IC is used as the audio output IC. The circuit consists of a loud-
ness control, driver amplifier Q1, and bass and treble controls of about +10 dB boost/cut. It should be
useful in a wide variety of situations. Either the ac supply shown can be used, or a2 12 Vdc supply can be
connected to points A&B (positive) and C (negative). Two of these circuits, using ganged potentiometers
at R2, R7, and R11 can be used for stereo applications. T1 is a 12-V 1-amp plug-in transformer. Notice
that IC1 must be heatsinked. Power output is about 5 W. A 4” x2” x0.050” aluminum heatsink should be
adequate.
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BULL HORN

3 m
MICt 1
1 500K ‘ c8
Ve 1| |sP*8r 5
1 "
¥m { 4 A
o1 5 6 A2 A3
ui | 104 S
+
Cz* ne { u2
10 LOW VOLTAGE | . n
AMPLIFIER | DUAL 2 WATTY
[id] AMPLIFIER
S B G U 100 'K RT_ |9
_ o
P vy
Ly RE
c‘s “3‘2‘5 v vy
{PINS 3,4, 5,10, 11 AND 12 SHOULD BE GROUNDED) l {-
| -4
6 -3vDC .
WELS’ THINK TANK SOURCE Fig. 7-3

This bull horn uses U1 as a driver stage and U2 as an output driver. U1 is set up for a gain of 200. The
microphone should have about 200-mVpp output. The two sections of U2 produce about 4-W of output
power. Use shielded cable for all audio leads. Power is a 6-to 9-V battery or other source.

RECEIVER AUDIO CIRCUIT
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This simple receiver AF amplifier can supply several hundred milliwatts to an 8- speaker. The gain is
about 200X. If high gain is not needed, C2 can be deleted and a gain of 20 will be obtained. R1 and C6 are
musts, otherwise ultrasonic (30 to 60 kHz) oscillations might occur. C6 can be 0.1 uF on all LM386N
versions for protection against these oscillations. The supply voltage is typically 6 to 12 V. No heatsink is
necessary, but good grounding is a must.
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AUDIO AMPLIFIER
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This amplifier will deliver around 20 W to an 8- speaker.
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SIMPLE OP AMP AUDIO AMPLIFIER
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A CA3140 drives a complementary output
stage Q1, Q2, and Q3. Output power depends on
supply voltage and limits on dissipations of Q2 and
Q3, but it can be 1 or 2 W with a higher impedance
speaker and a 30-V supply.
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8

Audio Signal Amplifiers

’rhe sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.
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Preamplifier for Magnetic Phono Cartridge
Simple Tape Playback Amplifier
Low-Noise Phono Preamp

Simple 40-dB Gain Amplifier
Ultra-Low-Noise Magnetic Phono Preamp
Impedance-Matching Preamp

Low-Noise Amplifier

Low-Noise 1 000 x Preamp

Simple Microphone Preamp

Electric Guitar Matching Amplifier
Universal Audio Line Amplifier

CD4049 Amplifier

Low-Noise Audio Preamp
Low-Impedance Microphone Preamp
Microphone Preamp

General-Purpose Preamp



PREAMPLIFIER FOR MAGNETIC PHONO CARTRIDGES
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ELEKTOR ELECTRONICS Flg. 8-1

This amplifier is intended to be added to preamplifiers that have no phono input. Such a phono input is
required for normal record players with a dynamic pick-up, of which millions are still around. Moreover, the
amplifier does not only bring the output of the pick-up to line level, it also adds the correction to the fre-
quency response (according to RIAA requirements).

When recording gramophone records, the frequency characteristic is lifted at the high end. This lift
must be countered in the playback (pre)amplifier. The corrections to the frequency response characteris-
tic are according to a norm set by the Record Industries Association of America (RIAA) and also by the
IEC.

The corrective curve provided by the amplifier is shown in the graph (bold line). The thin line shows
the ideal corrective curve. The sharp bends in this at 50 and 500 Hz are nearly obtained in the practical
curve by network R3/C2; just above 2 kHz is approached in practice by filter R5/R6/C3. The arrangement
of R3/C2 in the feedback loop of IC1 gives noticeably better results than the usual (passive) filter approach.

Circuit IC1 provides a dc amplification of 40 dB, which drops to about 20 dB when the frequency rises
above 500 Hz. To minimize the (resistor) noise and the load of the op amp at higher frequencies, the value
of R3 is a compromise. The associated polystyrene capacitor, C2, should have a tolerance of 1 to 2%.

To raise the 2-mV output of the dynamic pick-up to line level at 1 kHz, linear amplifier IC2 has been
added. This stage has a gain of 22 dB, so a signal of 250 mV is available at its output.

Capacitors C4/C5 at the output, in conjunction with the input impedance of the following preamplifier,
form a high-pass filter with a cut-off frequency of 20 Hz; this serves to suppress any rumble or other low
frequency noise. The value of C1 is normally given in the instruction booklet of the dynamic pick-up.

The power supply for the amplifier must be of good quality. Particularly, the transformer should be
class Al with a small stray magnetic field.

When the amplifier is built into the record player (best), the power supply should not be included
unless it is very well screened; otherwise, hum is unaveidable,
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SIMPLE TAPE PLAYBACK AMPLIFIER
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This circuit uses an LM381/1A as a tape pre-
amp. The feedback network includes NAB Equali-
zation,

This circuit uses an LM381/1A as a low-noise
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RIAA compensation.

phono preamp. The feedback network provides

SIMPLE 40-dB GAIN AMPLIFIER
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ARADIO-ELECTRONICS Fig. 8-4

An LM382 low-noise preamp is used here to

obtain a 40-dB gain amplifier, using only the IC and
three peripheral components.
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Fig. 8-5
This phono preamp uses an LM381/1A in a cir-
cuit that includes RIAA equalization. Adjust R7 for

a voltage that is equal to half of the supply voltage
(=16.5V).




IMPEDANCE-MATCHING PREAMP
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POPULAR ELECTRONICS Fig. 8-6

This circuit will match a crystal microphone to
a device that requires a low-impedance dynamic

microphone.
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RADIO-ELECTRONICS Fig. 8-7

This low-noise 1.M381/1A noninverting ampli-
fier has a gain of 100.

LOW-NOISE 1000 x PREAMP

RADIO-ELECTRONICS

An LM381A is used here as a low-noise pre-
amp with a gain of approximately 1000x. Adjust
R5 for 12 V at pin 7, assuming a 24-V supply.

SIMPLE MICROPHONE PREAMP
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POPULAR ELECTRONICS Fig. 8-9

This preamp uses a small dynamic microphone
coupled to the gate of Q1. Rl is a load resistor.
Audio is taken out between the negative side of C1
and ground. Output will be between 10 and 100
mVpp, depending on the microphone.
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ELECTRIC GUITAR MATCHING AMPLIFIER
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ELEKTOR ELECTRONICS Fig. 8-10

An electric guitar often has to be connected to a mixing panel, a tape deck or a portable studio. As far
as cabling is concerned, that is no problem, but matching the high impedance of the guitar element to the
low impedance of the line input of the mixing panel or tape deck is a problem. Even the so-called high
impedance inputs of those units are not suitable for the guitar output. When the guitar is connected to
such an input, hardly any signal is left for the panel or deck to process.

1t would be possible to connect the guitar to the (high impedance) microphone input, but it is normally
far too sensitive for that purpose; guitar clipping occurs all too readily.

The matching amplifier presented here solves those problems: it has a high-impedance (1 MQ) input
that can withstand voltages of over 200 V. The output impedance is reasonably low. Amplification is x2 (6
dB). Dual tone control, presence control, and volume control are provided.

The circuit can handle input levels of up to 3 V. Above that level distortion increases, but that is, of
course, a good thing with guitar music. Real clipping of the input signal does not occur until much higher
levels than are obtainable from a guitar are applied. Power is supplied by a 9-V (PP3) battery from which
the circuit draws a current that does not exceed 3 mA.




UNIVERSAL AUDIO LINE AMPLIFIER

+

+24V/ = 4mA

ELEKTOR ELECTRONICS Fig. 8-11

A line amplifier is always a useful unit to have around, whether it is for matching a line signal or raising
its level somewhat. This might be needed during a recording session or with a public-address system.
Furthermore, a line mixer can be constructed from a number of these amplifiers. The input of the amplifier
is high-voltage proof. The output impedance is low.

The circuit is a conventional design: two dc-coupled stages of amplification are separated by a three-
fold Baxandall tone control system. The volume control at the input is conspicuous by having its ‘‘cold”’
side connected, not to ground, but to the output of the first amplifier. Because the signal there is out of
phase with the input signal, the amplifier obtains negative feedback via P1. The amplification is therefore
inversely proportional to the magnitude of the input signal. Thus, it is possible for the amplifier to accept a
wide range of input levels. It is quite possible to input a signal taken directly from the loudspeaker termi-
nals of a power amplifier.

The supply voltage is 24 V. At that voltage, the amplifier draws a current of about 4 mA. If several
amplifiers are used in conjunction (as, for instance, in a mixer panel), the various supplies (+ and + + in
the diagram) can be interlinked. Capacitors C17 and C18, and resistor R7 don’t need to be duplicated in
that case.
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CD4049 AMPLIFIER
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ELECTRONIC DESIGN Fig. 8-12

When an inverter is biased with one resistor from its input to output in the range of 100 k2 to 10 MQ
and is capacitor coupled, it exhibits amplifier characteristics (see the table).

Furthermore, when a split power-supply bus is needed and only one battery is used, the inverter can
be configured to supply a pseudo-dc ground of relatively low impedance, coincident with the ac ground
(see the figure). Depending on the magnitude of the dc ground return currents, anywhere from one
inverter to several in parallel are sufficient. Also, the supply buses must be capacitor bypassed.

The configured input-to-input shorted inverter now acts as a voltage regulator that sinks and sources
current. In this configuration, the inverter is forced to operate at the midpoint of its transfer characteristic.
This divides the battery potential into two equal parts-—as referenced to the defined dc ground by virtue of
its internal gain and physical structure. Op amps such as the LM324A, can be powered from one battery
while being referenced to the dc ground that is generated by the inverter. This novel technique surpasses
the use of discrete resistors for battery potential dividing. It can be employed in other applications where
individual component savings and improved design performance are needed.

40



ELECTRONIC DESIGN
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A low-noise LT1115 (Linear Technology, Inc.) op amp is coupled to a class-A buffer amplifier to pro-
duce a variable gain {12-t0-50 dB) microphone preamp. THD is less than 0.01% from 80 Hz to over 20
kHz. The transformers must be properly grounded and shielded.

LOW-IMPEDANCE MICROPHONE PREAMP
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POPULAR ELECTRONICS <= Fig. 8-14

This amplifier uses a common-gate FET amplifier to match a low-Z microphone.
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Fig. 8-15

This circuit is used to interface a high-impedance microphone to a radio transceiver that requires a
low-impedance microphone. The supply voltage can be either a battery or taken from the transceiver the

circuit is used with.
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POPULAR ELECTRONICS

+V

Fig. 8-16

This amplifier is useful for audio and video applications. Gain is set by R,and the voltage gain of this
amplifier is approximately 1+ R,/560, where Ryis in ohms. Bandwidth depends on gain selected, but typi-

cally it is several MHz. Ry=>5.1 k{2, which produces a gain of 10x (20 dB) voltage.
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9

Automotive Instrumentation Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section,

Digital Oil-Pressure Gauge

Water Temperature Gauge

Automotive Electrical Tester

Digital Vacuum Gauge

Digital Fuel Gauge

Analog Expanded-Scale Meter for Autos
Digital Pressure Gauge

Voltage Gauge

Digital Miscellaneous Temperature Gauge



DIGITAL OIL-PRESSURE GAUGE
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RADIO-ELECTRONICS Fig. 9-1

This gauge uses a sensor in conjunction with R1 to develop a dc voltage proportional to oil pressure.
IC1 and IC2 form a two-digit DVM. Q1 and Q2 are display selectors for the multiplexed dispiay. IC1 pro-
vides the necessary +5 V to the circuitry. Calibration is via R11 and zero adjust via R17.

WATER TEMPERATURE GAUGE
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RADIO-ELECTRONICS Fig. 9-2
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This gauge is similar to the miscellaneous temperature gauge, except that a thermostat is used as a
sensing element.
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ELEKTOR ELECTRONICS

AUTOMOTIVE ELECTRICAL TESTER

This little tester is useful for checking vehicle
electrical circuits. Two LEDs indicate whether one
of the clips is connected to the positive supply line
(red) or to ground (green).

The unit is powered by the vehicle battery. It is
advisable to terminate the unit into two insulated
heavy-duty crocodile clips. These enable connec-
tion to be made directly to the battery or to termi-
nals on the fuse box.It is also possible to terminate
it into a suitable connector that fits into the ciga-
rette lighter socket. If a sharp needle is soldered to
one of the terminals, it is possible to check insu-
lated wiring—but only those that carry 12 V.
Although the needle pierces the insulation, it does
not damage it.

Fig. 8-3

DIGITAL VACUUM GAUGE
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RADIO-ELECTRONICS

A bridge circuit is used to produce a signal from the output of vacuum sensor IC1. IC2b provides
about a 0.2 V offset for IC4, the A/D converter. IC2b and d are voltage followers that drive differential amp
1C2a. The output of this circuit is used to drive IC4 and IC1, the display drivers.
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DIGITAL FUEL GAUGE
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RADIO-ELECTRONICS Fig. 9-5

This circuit uses a digital voltmeter (formed from IC1 and IC3) to display fuel quantity as a percentage
of a full tank. In order to work with two kinds of fuel sensors, low resistance =full. Where higher resis-
tance = full, IC2 forms a dc amplifier that has both inverting (path A) or noninverting (path B) outputs, and
calibration adjustments for each path.

ANALOG EXPANDED-SCALE METER FOR AUTOS

D1 Rt

1N4TI5A 12K
BATT + e . Zener diode D1 is used to suppress the first 6
R & M1 V of the scale, which gives a meter reading of 6 to 8
15k $ 0-1mA V—useful for automotive electrical system monitor-

ing.
+
POPULAR ELECTRONICS Fig. 9-6
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DIGITAL PRESSURE GAUGE
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AADIO-ELECTRONICS Flg. 9-7

Using an intersil ICL 7106 A/D converter chip and an LED display module, this gauge uses a Sensym
Corp. pressure transducer SX100pn (100 psi full scale) in a Wheatstone bridge configuration to drive an op
amp (IC1a, b, ¢) translator circuit that supplies a dc voltage to IC2 that is proportional to pressure. R6 sets
the gain of IC1A (full-scale sensitivity) and R16 supplies a zero adjustment. IC3 provides regulated +5V
to power the circuit.
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RADIO-ELECTRONICS Fig. 9-8

This circuit uses an RCA CA3162E (IC2) A/D converter. This converter has 12-bit output (BCD)
which is sent to display decoder driver IC1. +5 V is obtained from IC1. R17 adjusts to 0 and R11 should
be set to produce correct calibration of gauge unit. Displays are common cathode types. No limiting resis-
tors are necessary because the output drivers are constant current. R15 and R16 sample the applied voit-
age (usually 8 to 18 V). LED1 is used to illuminate the gauge legend (Volts, Temp, etc.).
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DIGITAL MISCELLANEOUS TEMPERATURE GAUGE
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RADIO-ELECTRONICS Fig. 9-8

A diode (IN4148) is used as a temperature sensor. IC2 is an A/D converter with BCD output, A refer-
ence voltage set by R7 is applied to the positive input of IC2. As the temperature increases, the voltage
across the temperature sensor resistance decreases. This increases the differential input voltage across
pins 10 and 11 of IC2. R3 adjusts low calibration. R17 zeros the A/D converter and R7 adjusts high calibra-
tion.
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Automotive Security Circuits

’rhe sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Automatic Arming Auto Alarm

Backup Beeper

Auto Turn-Off Alarm with 8-Minute Delay
Auto Alarm

Auto Ignition Cut-Off

Car Alarm with Horn as Loudspeaker
Automotic Turn-Off Alarm with Delay
Single-IC Alarm

Low-Current Simple CMOS Alarm
Back-Up Alarm
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AUTOMATIC ARMING AUTO ALARM
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POPULAR EL ECTRONICS Fig. 10-1

The circuit antomatically turns on when the car is turned off. It gives you a variable time to get out and
lock up, and also provides a variable time delay to get in and start the car.

The 555 oscillator/timers are always powered down when the car is on. That keeps the alarm from
going off while you’re driving. As soon as the car is turned off, Q2 switches off and shunts power to Ul.
When that happens, Ul immediately sends its output high, keeping Q3 on, and thereby prevents power
from returning to U2.

Transistor Q2 also sends power to Q3's collector to be used only when Ul has completed its timing
cycle. When U1 has finished, it turns Q3 off, which in turn activates Q4, and sends power to the balance of
the circuit. That timing period was the time needed to get out of the car. LED] indicates that the system is
disarmed and LED2 indicates that the system is armed.

At this point, U2 waits for a trigger pulse from the car’s door switches or dome light. A positive
impulse at the 4011’s input sends a negative trigger pulse to the first stages of U2, which is connected as a
cascading timer. The first stage’s output becomes high for a time to allow the car to be turned on.

If that does not happen, the first stage’s output lowers, which sends a low trigger pulse to the second
stage. The second stage then sends its output high, turning on Q5, which sounds the alarm for a given
time. Once that time has elapsed, the alarm is shut off by a low output to Q5 and the system is reset. If the
car door is closed or a second door opened while the alarm is sounding, the first stage retriggers and pre-
pares to extend the ON-time of the alarm.

The cascading or counting action continues until the car is left alone. You can add a switch on the
positive supply rail at J3 to override and silence the alarm, if (for example) you plan to work on the car.
Switch Sl is a normally closed type that is built into the case of the alarm; S1 is pushed to the open posi-
tion when the case is mounted flush with a surface. Any attempt to remove the alarm will sound the alarm.

50



BACKUP BEEPER
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POPULAR ELECTRONICS Fig. 10-2

When the vehicle's backup lights kick on, or when the manual switch (S1) is closed, a small current is
fed to the base of Q1. Transistor Q1 allows current to flow through it and, if the enable switch (S2) is
closed, it sends 12 V to U1, a 555 timer. Timer Ul sends high pulses that last 0.977 13 s and low signals
that last 0.488 565 s to the base of Q2. When Ul switches Q2 on, it sends 12 V to BZ1, a piezoelectric
buzzer. For best results, the buzzer should be mounted under the vehicle—somewhere where people
around the car can hear the warning beeps.
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AUTO TURN-OFF ALARM WITH 8-MINUTE DELAY
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RADIO-ELECTRONICS Fig. 10-3

This circuit uses a NE555 timer and CD4020B. When + 12 Vdc is applied to the circuit, the output of
1C2 is set low via C2, which turns on the relay, and IC1, a pulse generator. IC1 pulses counter 1C2. After
8192 clocks, IC2 output (pin 3) goes high, cuts off Q2, and completes the cycle.
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AUTO ALARM
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POPULAR ELECTRONICS

*SEE TEXT

Fig. 104

S1is external key switch. The alarm allows a 0- to 45-s delay after S1 is operated before the circuit is
armed. During this period, LED1 lights green. After this delay, LED1 lights red, which indicates that the
circuit is armed. Then, sensors S2 through S4 -(NO) or S5 through S6 (NO) pull pin 2 of U2 low, which
activates K1 and sounds the alarm. The alarm sounds for a duration determined by R4 and C2. After this
time, K1 releases and the circuit is again ready. Manual reset is via the key switch, S1.

AUTO IGNITION CUT-OFF
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; glE GET Using an SCR/relay combination, this circuit
‘ FAOM COIL can be made to cut off ignition, unless a positive
i 4 OR STARTER voltage is applied to“the gate of the SCR. This is
9_:0 SOLENOID useful as an anti-theft device, because depending
| on hook-up, the car will not start unless a certain
L TO IGNITION accessory or a hidden switch is closed.
0 SWITCH
sCR1
K1 £1228
12v ! T0O HORN,
12V TURN SIGNAL,
LAMP ETC.
POPULAR ELEETRON!CS Fig. 10-5
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CAR ALARM WITH HORN AS LOUDSPEAKER
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POPULAR ELECTRONICS Fig. 10-6

An auto horn will work as a speaker of limited audio-frequency range. This circuit uses a 555 timer as

an oscillator to drive an MJE34 transistor, which in turn drives the horn. Normal horn operation is ensured
by blocking diode D4,

AUTOMATIC TURN-OFF ALARM WITH DELAY
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RADIO-ELECTRONICS Fig. 10-7

In this circuit, IC1A and IC1B act as a monostable multivibrator, Any input from the sensors S1
through S5 forces IC1A to produce logic low, which causes IC1B to turn on Q1 until C3 changes through
R6. This action resets the latch formed by IC1A and IC1B.
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SINGLE-IC ALARM
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With a single IC, you can build a simple, reliable auto burglar alarm or a similar alarm. See (a) for the
timing information for the alarm circuit in (b).

When you leave your vehicle, flip the arming switch and close the door behind you to arm the device.
Subsequent opening of an entrance triggers both timers. After the expiration of the entry delay timer, the
alarm sounds for a time that is determined by the second timer.

The value of R should be less than 1 k2. If you use an incandescent lamp instead of a resistor, you get
an extra function—an open-entrance indicator. By keeping the resistance low, you avoid false tripping
should water collect under the hood.

If your door switch connects the courtesy light to 12 V rather than to ground, use a single transistor as
an inverter at the input. Although this circuit’s simplicity has its drawbacks, you can add more features,
such as no-entry delays for the hood and trunk, and retripping when doors remain open.
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LOW-CURRENT SIMPLE CMOS ALARM
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RADIO-ELECTRONICS Fig. 10-9

This CMOS-aided alarm draws only 1 A standby current. An open sensor allows IC1 to bias Q1 on,
activating RY1.

BACK-UP ALARM
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POPULAR ELECTRONICS Fig. 10-10

The brake lights of the automobile trigger this circuit on and off. This saves the annoyance of the alarm
when it is not needed.
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Automotive Light Circuits

’.B]e sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Car Lights Monitor

Rear Fog Light Controller with Delay
Interior Convenience Light

Third Brake Light

Lights-On Warning

Car Headlight Control

Night Safety Light for Autos
Lights-On Reminder for Autos
Automobile Lights-On Reminder
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CAR LIGHTS MONITOR
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ELEKTOR ELECTRONICS Fig. 11-1

This circuit is for the purpose of monitoring automotive lighting. Two special ICs are available from
Telefunken that are designed to measure the current through a light bulb. In practice, detecting whether a
current flows through a bulb or not is a most suitable way of determining whether the bulb still works,

If a small resistance is connected in series with a bulb, a small voltage drop will develop across it when
the bulb lights (R1 and R2 in the diagram). Each IC can cope with only two bulbs, so three or four ICs are
needed per car. The junction of the bulb and resistor is connected to one of the inputs (pin 4 or pin 6) of
the IC. The potential across the resistor is compared in the IC with an internal reference voltage. Depend-
ing on which of the two ICs is used, the voltage drop must be about 16 mV (U477B) or 100 mV (U478R).
This voltage drop is so small that it will not affect the brightness of the relevant bulb.

The value of the series resistor is determined quite easily. If, for instance, it is in series with the brake
light (normally 21 W), the current through the bulb, assuming that the vehicle has a 12-V battery, is
21+12=1.75 A. The resistance must then be of 16+1.75=9 m{} (U477B) or 100+1.75=57 mf}
(U478B).

These resistors can be made from a length of resistance wire (available from most electrical retailers).
Failing that, standard circuit wire of 0.7 mm diameter can be used. This has a specific resistance of about
100 m{2 per meter, However, in most cars, the existing wiring will have sufficient resistance to serve as
series resistor.

LEDs can be connected to the outputs of the IC (pins 3 and 5). These will only light if the relevant car
light fails to work properly.
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REAR FOG LIGHT CONTROLLER WITH DELAY
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We assume that most of our readers are thoughtful drivers who do not switch on their rear fog lights
when closely followed by other traffic. Following drivers (for an instant) will think that you are braking
(although they have seen no reason for your doing so) and thus slam on their brakes as well. This could
cause a very dangerous situation. Avoid a potentially dangerous action and install the rear fog light delay
circuit, presented here.

Switch S1 is the on/off control for rear fog lights L1 and L2. As soon as this switch is closed, the gate-
source voltage (Vgs) of MOSFET T1 will become more and more negative. Thus, the IC will conduct
harder and harder, This in turn causes the brightness of the lights to gradually become brighter. Maximum
brightness is reached after a delay of about 20 seconds, which is determined by time constant R2/C1.

The gate of T1 can be given a bias by preset P1. This provides compensation for the initial period after
the lights are switched on and the lamps do not light, because they need hundreds of milliamperes before
they can do so. With P1 set correctly, the lamps will light, albeit weakly, and immediately the control
switch is closed. The gate potential is then equal to the voltage at the wiper of P1 (remember that C1 is
then still discharged).

Although the dissipation of T1 is 2 maximum during the transitional period (between switch on and the
lamps lighting brightly), the heatsink required is calculated on the basis of the dissipation when the lamps
light brightly. :

{RF9530

ELEKTOR ELECTRONICS 504092 11 Fig. 11-2
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lights are activated. The circuit operates on 12-V
negative-ground systems. When the brake pedal is
depressed, 12 V is applied to the left and right
1 brake lights. The gates of the two SCRs are trig-
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Because power for the circuit is obtained from the car’s side lights, the circuit can’t oscillate unless
the lights are on. The reset pin on the 555 connects to transistor Q1. The base of Q1 is connected through
R1 to the ignition auxiliary terminal on the car’s fuse box. When the ignition is turned on, power is sup-
plied to the base of Q1, which turns it on. With Q1 turned on, pin 4 of Ul is tied low, which disables the
oscillator and inhibits the alarm. If the ignition is turned off while the lights are on, power is applied to the
555 and Q1 is turned off, and the alarm starts. Switch S1 is an optional override.
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CAR HEADLIGHT CONTROL

It is annoying to realize that you have left your
car headlights on only to find that the battery is flat.
One possible way to prevent this is with the present
control.

The circuit does not provide a warning, but an
action: when you switch off the ignition, relay Rel
is de-energized and the headlights are switched
off—unless you deliberately decide otherwise. That
decision is made possible by switch S1, which,
when operated, triggers silicon-controlled rectifier
Thl so that Rel is energized. Notice that this is
possible only when the ignition switch, S2, is off.
Otherwise, the voltage across Thl is so low, owing
to shunt diode D1, that it cannot be triggered.
However, the headlights should not normally be
switched on when the ignition is off; in most cases
S1 will be used only rarely and the switch can then
be omitted altogether. The relay should be a stan-
dard 12-V car type with contacts that can switch up
to 25 A.
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This circuit turns on the brake lights of a parked car when the headlights of an oncoming car are
detected, warning the driver of the oncoming car about the parked vehicle. LDR4 is the sensor. LDR1
disables the circuit by causing U1 gate input to be pulled high during daylight hours, causing pin 2 of Ula to

become low, disabling it and the circuit.
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LIGHTS-ON REMINDER FOR AUTOS

When ignition is off, BZ1 will sound if the head-
lights are on. With the ignition on, BZ1 receives no
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The circuit can be used to give a visible or an audible warning that the headlights are on. It uses a
2N1305 transistor as a switch to turn on a Sonalert tone generator or a small 12-V lamp. Operating current
for the transistor is supplied from the wire that feeds the headlights. When the ignition is on, the transistor
is biased off and the alarm is not activated. Turning off the ignition while the lights are on sets off the

alarm,
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Automotive Electronic Circuits

T — .

’Bae sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Solid-State Windshield-Wiper Delay
Electronic Ignition

High-Power Car Audio Amplifier
Windshield Wiper Interval Controller
Voltage Regulator for Cars and Motorcycles



SOLID-STATE WINDSHIELD-WIPER DELAY
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In the wiper-delay schematic shown, with the ignition on, D1 maintains regulated + 12 Vdc. When S1
closes, C1 bypasses transients and passes this + 12 Vdc to divider R2-R3, producing a TTL high at pin 3
of IC1, a 4013 CMOS dual leading-edge triggered D-type flip-flop. Filter R4/C3 keeps IC1 from triggering
erroneously when the ignition is on. When S1 is pressed, output Q1 (pin 1) of IC1 latches high, turning on
Q1, which conducts via R5, turning on IC2; LED1 indicates power, and R6 sets the current. Because 1C2
depends on Q1 for power, IC2 stays off until Q1 turns on.

The left half of IC2 is an astable, with its delay set by R7, R8, R11, and C4. The right half of IC2 is a
monostable, with its pulse duration set by R9 and C5. With the values used, you might expect R11 to vary
the delay from about 15 to 84 seconds, with a 2.42-second monostable pulse operating the wiper blades on
each cycle. However, the actual delay will range between 2 to 18 s, with a 1-s monostable pulse on each
cycle. That discrepancy stems from the fact that IC2 is being fed from the emitter of Q1, rather than
directly from the regulated +12-V supply. Transistor Q1 acts as an active current source, charges and
discharges C4 faster than it ordinarily would.

The astable output {OUT1, pin 5) is tied to TRIG2 (pin 8). When OUTZ2 (pin 9) becomes high, Q2 is
biased via R10 and current flows through RY1, with D2 dissipating back-emf when RY1 shuts off.
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ELECTRONIC IGNITION
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This electronic ignition circuit is intended to be inserted into a car’s conventional ignition system. In
effect, it replaces the original 12-V switching circuit in the primary winding of the coil by one generating
more than 100 V. It thereby converts a current circuit, which is upset by lead and stray resistance, into a
voltage circuit that is much more efficient.

The pulses emanating from the contact breaker, shown at the extreme lower left-hand side of the dia-
gram, are applied to transistor T1 and subsequently differentiated by R3/C1. This causes a negligible igni-
tion delay. The current through the contact-breaker points is determined by the value of R1. This value has
been chosen to ensure that the points remain clean.

Transistor T1 is followed by two monostables, IC1A and IC1B, which are both triggered by the output
pulses of T1. However, whereas IC1A is triggered by the trailing edge, IC1B is triggered by the leading
edge.

Monostable IC1A passes a pulse of about 1.5 ms (determined by R4/C2) to NAND gate IC2A. This
gate switches off high-voltage Darlington T3 via gates IC2B, IC2C and IC2D, and driver T2, for the dura-
tion of the pulse. Gate IC2 ensures that T3 is switched on only when the engine is running, to prevent a
current of some amperes flowing through the ignition coil.

As long as pulses emanate from the contact breaker, IC1B is triggered and its € output remains logic
high. The mono time of this stage is about 1 s and is determined by R5/C3.

Darlington T3 is switched on via T2 and IC2A through IC2D as long as IC1A does not pass an ignition
pulse. When the engine is not running, the @ output of IC2B goes low after 1 s and this causes T2 and T3
to be switched off. The two series-connected 180-V zener diodes protect the collector of the BU932R
against too high of a voltage. The Darlington must be fitted on a suitable heatsink.
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HIGH-POWER CAR AUDIO AMPLIFIER
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RADIO-ELECTRONICS Fig. 123

This stereo amp will supply 60 W rms into 8 { or 100 W rms into 4 . Notice that the LM12C1 line
level (about 300 mV) into 5 K. A +35-V supply is required for full power output. Power can be obtained

from a dc-dc converter.
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WINDSHIELD WIPER INTERVAL CONTROLLER
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The windshield wiper interval circuit presented
here is very compact and is noteworthy for its use
of two thyristors, instead of a relay. It has only two
connections and operates without any problems—
even m conjunction with multistage wiper circuits.

The connecting wire between the wiper motor
and terminal 53 is cut and new connections are
made (as shown in the diagram), When the interval
switch, S1, is closed, capacitor C1 charges via P1
and the wiper motor. After a time set with P1, tran-
sistor T1 switches on and triggers the thyristors.
The wiper motor is then energized via the thyris-
tors and D3 and sets the wipers into motion. At the
same time, C1 discharges via D2 and the thyris-
tors.

After a short time, the wiper stop switch con-
nects terminal 53 to the +12-V line so that the
wiper motor is energized via D4. The thyristors are
switched off because the voltage drop across D3
plus Th1/Th2 is then greater than that across D4.
When the wipers reach the end of their travel again,
the stop switch connects terminal 53 to ground and
enables C1 to charge again.

VOLTAGE REGULATOR FOR CARS AND MOTORCYCLES

+V
R4 < R5 > R6 Cc2
A1 22k $i0k ¥ 56k 50pF
3.3k ANy r >
Q2
! o1 TIP3T
1 Q3
R2 | 100pF 2N3055
4.7k c3
R10 & ot Qs | 22F
5000 ' 2N2222 : '
——) i j‘*—t—%——k L—”QED1 Field
R3 R7 R8 ¢ D1 £ R9
10k 2200 4700} ¢ 1N4003 1k > Ground
. » -y roun
+
RADIO-ELECTRONICS Fig. 12-5

This regulator circuit can be used on an alternator that has one field terminal grounded. When +V
(input) gets too high, Q1 conducts, and the base of Q2 is driven toward ground, reducing the voltage fed to
Q3. This lowers the voltage fed to the field of the alternator.
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13
Battery Chargers

’I;IC sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Portable Nicad Charger

Battery Charger

Current-Limited 6-V Charger

12-V Battery Charger

+12-Vdc Mobile Battery Charger
Charger Extends Lead-Acid Battery Life



PORTABLE NICAD CHARGER
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The portable charger is mtended primarily to give model enthusiasts the opportunity of charging their
Nicad batteries from a car battery out in the open. The supply voltage for the circuit is regulated by IC1.

When the circuit is connected to the car battery, D2 lights only if the Nicad to be charged has been
connected with correct polarity. For that purpose, the + terminal of the Nicad battery is connected to the
base of T1 via R8. Because even a discharged battery provides some voltage, T1 is switched on and D2
lights.

Only if the polarity is correct will the pressing of the start switch, S1, have any effect. If so, the collec-
tor voltage of T1 is virtually zero so that monostable IC2 is triggered by S1. The output, pin 3, of this
CMOS timer then becomes high, T2 is switched on and relay Rel is energized. Charging of the Nicad
battery, via R5 and D6, then begins and charging indicator D4 lights. During the charging, C4 is charged
slowly via P1 and R4. The value of these components determines the mono time of 1C2 and thus the
charging period of the Nicad battery. With values as shown in the diagram, that period can be set with P1
to between 26 and 33 min. Notice that this time is affected by the leakage current of C4; use a good-quality
capacitor here. The charging can be interrupted with reset switch 52,

The charging current through the Nicad battery is determined by the value of R, which can be calcu-
lated:

_ 12 - (0.7 + 1.3x no. of cells)
I,

R [a]

I. 1s the charging current, which is here because the chosen charging period is twice the nominal
value of the capacity of the Nicad battery. Resistor R must be able to dissipate a power of 1.2 B W. Finally,
make sure that the Nicad battery is suitable for fast charging; never charge for longer than half an hour!
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BATTERY CHARGER
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An LM317HV regulator is used as a current-
limited charger. If current through R4 exceeds 0.6
A, Q1 is biased on, which pulls the ADJ terminal of
the LM317 HV to ground and reduces the battery-
charging current.

POPULAR ELECTRONICS Fig. 134

This simple charger uses an LM350 regulator
as a battery charger.
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+12-Vde MOBILE BATTERY CHARGER

RECHARGEABLE
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4 " (SEE TEXT)
Cell Size Amp/hr Rate R4 value (14 hr rate)
N 150 mA 120 ohms @ .25-watt
AA 500 mA 47 ohms @ .5 watt
C 1500 mA 12 ohms @ .5 watt
D 1500 mA 12 ohms @ .5 watt
D 4000 mA 3.3 ohms @ 2 watt
(High capacity)
POPULAR ELECTRONICS Fig. 135

This circuit provides up to 20 V output from a 12-V automotive supply, to enable constant current
charging of Nicad battery assemblies up to about 18 V total. V1 forms a square-wave oscillator, D1 and D2,
coupling this square wave to the 12-V battery supply to obtain over 20 Vdc. If this is not needed, S1 is left
open. Q1 forms a current regulator to determine the charging rate of the rechargeable battery. R4 is
selected from the table or it can be switched with a rotary selector switch.
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CHARGER EXTENDS LEAD-ACID BATTERY LIFE
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The circuit furnishes an initial charging voltage of 2.5 V per cell at 25°C to rapidly charge a battery.
The charging current decreases as the battery charges, and when the current drops to 180 mA, the charg-
ing circuit reduces the output voltage to 2.35 V per cell, floating the battery in a fully charged state. This
lower voltage prevents the battery from overcharging, which would shorten its life. The LM301A com-
pares the voltage drop across R1 with an 18-mV reference set by R2. The comparator’s output controls
the voltage regulator, forcing it to produce the lower float voltage when the battery-charging current pass-
ing through R1 drops below 180 mA. the 150-mV difference between the charge and float voltages is set by

the ratio of R3 to R4. The LEDs show the state of the circuit.
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14
Battery Monitors

’rhe sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Internal Resistance Battery Tester
Battery-Saving Disconnect Switch
Low-Battery Detector
Battery-Temperature Sensing Nicad Charger
Battery-Voltage Measuring Regulator
Battery Tester

Nicad Battery Tester

Low-Battery Indicator

Voltage-Level Indicator

Low-Battery Detectors

Voltage Monitor
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INTERNAL RESISTANCE BATTERY TESTER

@———ﬂ( 0
+GV / a5mA 53
GV / =5m, - Rt e
¢
k! 2 4
a8
J :L, ()ws-
— 741 Tm
OV -
4
G‘”.
- C1
8
a3 [130a
©- +
* 840 lext
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A designer often needs to know the value of the internal resistance of a battery. Quite a few testers
give a relative indication of the value, but this is seldom in ohms. The present tester can, in principle,
provide that information.

The basic idea behind it is to load the battery with a varying current, so as to cause an alternating-
voltage drop across the internal resistance that can be measured at the battery terminals. Provided that
current variations are regular and constant, the voltage drop is directly proportional to the internal resis-
tance.

Choose the variation of the current carefully to read the value of the internal resistance directly on the
scale of an ac voltmeter.

The load current is varied with the aid of a current source, T1 in the diagram, which is switched on
and off by square-wave generator IC1. The chosen switching frequency of 50 Hz ensures that the ac com-
ponent at the battery terminals can be measured by a standard ac voltmeter (universal meter).

The battery is loaded constantly by RS, which has a value of 1.5 (2 for 1.5-V batteries, shunted by the
ac voltmeter. The indicated voltage times 10 is the value of the internal resistance of the battery. When the
battery under test is flat or if the supply battery is flat, no current flows and the meter will read zero. It
would then appear as if the battery under test is an ideal type—without internal resistance.

A flat supply battery is indicated if D1 does not light. You can ascertain that the battery under test is
flat by measuring the direct voltage across its terminals. The load must be left connected, of course, oth-
erwise the emf is measured and this may well be 1.5 V—even if the battery is flat.

The tester is calibrated with the aid of the auxiliary circuit (shown at the extreme right in the circuit
diagram). The 1.5-V supply and electrolytic capacitor form a virtually ideal voltage source, of which the
3.9-Q resistor forms the internal resistance. With this source connected across the output terminals of the
tester, a suitable value should be ascertained for R7. That value is found when the ac voltmeter shows 0.39
V. Notice that this procedure is not the same for all measuring instruments: the alternate use of the digital
and a moving coil meter, for instance, is not feasible.

The tester is intended for 1.5-V batteries. The load current is fairly high: about 100 mA through R8
and around 170 mA through T1. For 9-V batteries that current is too high: the current should then be
reduced by taking greater values for R6 through R8.
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BATTERY-SAVING DISCONNECT SWITCH
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At a predetermined level of declining terminal voltage, the circuit disconnects the battery from the
load and halts potentially destructive battery discharge. Q1, a high-side, floating-source MOSFET, acts as
the switch. The overall circuit draws about 500 uA when the switch is closed and about 8 uA when it’s
open.

The values of R;, R;, and R set the upper and lower voltage thresholds, Vyyand V, according to the
relationships

V,

and

R, )
=1.15
Rs (VU‘ Vi

For the circuit to start, V+ must exceed V. The voltage detector IC1 then powers IC2, but only
while V+ remains above V;. Otherwise, 1C2 loses its power, removes gate drive from Q1, and turns it off.
IC2 is a dual charge-pump inverter that normally converts 5 V to +10 V. Capacitors C1, C2, and the two
associated diodes form a voltage tripler that generates a gate drive for Q1 that is approximately equal to
two times the battery voltage. )

With the values in the schematic, the circuit disconnects 3-cell Nicad battery from its load when V+
reaches a V; of 3.1 V. Approximately 0.5 V of hysteresis prevents the switch from turning on immediately
when the circuit removes the load; V+ must first return to Vi, which is 3.6 V. The gate drive declines as
the battery voltage declines, cause the ON-resistance of Q1 to reach a maximum of approximately 0.1 2,
just before V+ reaches its 3.1-V threshold. A 300-mA load current at that time will cause a 30-mV drop
across the disconnect switch. The drop will be 2 to 3 mV less for higher battery voltages. Resistor R4
enstres that Q1 can adequately turn off by providing a discharge path for C2.
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The battery low-voltage detector uses a CD4093 Schmitt trigger and a capacitor that acts as a 1-bit

M

My
10|

J

Fig. 143"

dynamic RAM. The circuit conserves power by using a periodic test method. IC1A, C1, R1, R2, and D1
generate a narrow, positive pulse at point A.

D2, R4, and R5 regulate and divide the signal at A. Thus, the input of IC1B is independent of the
power supply. Because the threshold voltage of the Schmitt trigger depends on the power supply, the

threshold voltage will drop if the power-supply voltage drops. When the threshold voltage is lower than the
input voltage, IC1B will become low, and IC1C’s output will become high.

Capacitor C2 stores the results of the periodic test. The time constant C2 and R6 set is 1 s, and the
test period is approxirnately 0.1 s. When point B is high, which implies that the battery is low, IC1D, C3,

and R7 generate a square waveform, which lights D3. You can adjust the detected voltage level by adjusting

R4. You can test different battery voltages by changing the voltage level of D2.
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BATTERY-TEMPERATURE SENSING NICAD CHARGER
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Fig. 144

Two simple circuits permit Nicad charging of a
battery based on temperature differences between
the battery pack and the ambient temperature.
This method has the advantage of allowing fast
charging because the circuit senses the tempera-
ture rise that occurs after charging is complete and
the battery under charge is producing heat, not
accumulating charge.

CM
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BATTERY-VOLTAGE MEASURING REGULATOR .
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Fig. 14-5

This circuit allows a microprocessor system to
measure its own battery voltage. A Texas Instru-
ment TI431 precision shunt regulator acts as a pre-
cision reference and integrator/amplifier, measuring
its own supply via voltage-dependent charge/dis-
charge time intervals. Notice that you must write a
short control and voltage calculation software rou-
tine for your system.
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BATTERY TESTER

12v

T
LED ]
Range
D1 D2 D3 D4 D5 Dé D7 D8 D9 D10
red orange green
15V | 08 | 09 104 | 113 121 129 138 146 155 1.63
45V | 2558 | 283 305 | 331 357 382 4.07 433 4.57 4.82
9.0V | 53 5.8 6.3 6.9 74 7.9 8.5 9.0 9.5 10.2
Fig. 146

ELEKTOR ELECTRONICS

This battery tester makes use of an LM3914 bar-graph driver IC. S1 selects load on battery under
test and programs the voltage range. S2 loads the battery under test. The table gives the calibration fac-

tors for the tester. LEDs D1 through D10 are used as indicators.




NICAD BATTERY TESTER
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POPULAR ELECTRONICS Fig. 14-7

This Nicad battery tester discharges the test battery at a rate of 500 mA. When the endpoint of 1 V
(determined by setting of R3) is resolved, pin 2 of U2 becomes low, deactivating Q1 and disconnecting the
test battery from the circuit. Power for U3 comes from the 12-V regulator in series with the battery being
tested. A clock or timer can be plugged into S1 to indicate the time it takes to discharge the battery under
test.
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LOW-BATTERY INDICATOR
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.
42 NEW IDEAS Fig. 14-8

The sensing circuit consists of a 741 op amp set up as a voltage comparator, using a zener diode as a
voltage reference. The op amp is inserted as a bridge between two resistance ladders, one which contains
the zener reference, and the other a high-value linear potentiometer. When the voltage at the wiper of the
potentiometer drops below the voltage set by the zener, the output of the op amp becomes low; that turns
on the LED connected between it and Vcc. The circuit can be adapted to work with battery-powered cir-
cuits that require between 6 and 18 V; the only changes needed would be a lower-voltage zener and a
smaller current-limiting resistor in the case of voltage below 9 V, and a larger resistor for higher voltages.

VOLTAGE-LEVEL INDICATOR

1800 LED LED
1 3
1 3 v
Vh.‘ Q 2 O- Vom Vll'l o 2 c out
wrsoo| G vie LM7sLi2| @
l/ 4
A
ELECTRONIC ENGINEERING - Fig. 14-9(a) Fig. 14-9(b)

Three-terminal regulator device (LM78LXX) has V,,, = Vi, until the input rises 1.5 to 2 V above the
output when the regulated voltage V.., = XX is obtained. A differential of 1.5 V between input and output is
necessary to light the LED. Thus, the LED lights when V,, rises above V., + IR + 1.5V, where [is typi-
cally 6 mA (a zener diode could be used in place of R). For input voltages much higher than necessary to light
the LED, a current-limiting resistor in series might be necessary. A useful automotive application is shown in
Fig. 14-9(b). The circuit indicates when battery voltage is above 13.5 V which indicates (in conjunction with
an ammeter) whether the alternator/regulator/battery system is operating correctly. With the engine off, the
battery voltage drops to 12 V and the LED extinguishes. The circuit requires no calibration.
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15
Bridge Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Air-Flow Sensing Thermistor Bridge

Bridge Circuit With One Power Supply
Inductance Bridge
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AIR-FLOW SENSING THERMISTOR BRIDGE
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Using the thermistor-bridge circuit, you can detect system-cooling air losses caused by filter or inlet
blockage or fan failure. One thermistor is mounted directly in the air flow; the other is baffled. The
exposed thermistor senses the temperature in the cooling system; the baffled thermistor senses the ambi-
ent temperature in still air. As long as the thermistors are at different temperatures, the bridge stays
unbalanced and the circuit produces a logical high, indicating that the cooling system is working. If the air
flow stops, the exposed thermistor will reach ambient temperature, the bridge will become balanced, and
the circuit will indicate ventilation-system failure by producing a logical low.

The bridge circuit’s matched thermistors are biased by matched-current sources. Two LM10C opera-
tional amplifiers act as constant-current sources, and an LM311 comparator senses the difference
between the voltage drops across the thermistors, producing the logical high when the bridge is unbal-
anced and the logical low when the bridge is balanced. Use a 20-k{) potentiometer to set the comparator’s
threshold; this setting determines the minimum air flow that will cause the circuit to produce a logical high.
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BRIDGE CIRCUIT WITH ONE POWER SUPPLY

v
O

1NAIBICM

OPA111AM

EDN Fig. 15-2

For systems with only one power supply, two op amps act as instrumentation and buffer amps. The
OPA111AM buffers the reference mode of the bridge and applies that voltage to the instrumentation amps
REF terminal. Output is taken between the amplifier outputs to exclude the fixed output offset.

The additional op amp creates a bridge error of Iz x R/2, where Ig=bias current of op amp and R is
the resistance of one leg of the bridge.

INDUCTANCE BRIDGE
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Un, O1pF LED
N vl
¢! =63
a2 A70F i00eF | o
Y 10k
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T ga 2 N
Ik Hrav:
73 AMATEUR RADIO

Fig. 15-3

This bridge will measure inductances from about 1 to 30 pH at a test frequency of 5 mHz. A 365-pF
AM-type tuning capacitor is used as a variable element. The circuit should be constructed in a metal enclo-
sure. Calibration can be done on known inductors or by plotting a curve of the capacitance of the 365-pF
capacitor versus rotation and calculating the inductance from this. The range of measurement can be
charged by using a different frequency crystal and/or variation of L2 and C6.

83



16

Burglar Alarms

The sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Self-Latching Burglar Alarm

Burglar Alarm With Timed Shutoff
Simple Burglar Alarm

Simple Burglar Alarm

Home Security System

Simple Burglar Alarm With NC Switches
Burglar Alarm with NC And NO Switches
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SELF-LATCHING BURGLAR ALARM
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RADIO-ELECTRONICS Flg. 16-1

This alarm uses IC1A and IC1B as a latch. When sensors S1 through S5 activate, IC1A turns on and
forces IC1B to cut off. Q1 drives RY1.

BURGLAR ALARM WITH TIMED SHUTOFF
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POPULAR ELECTRONICS ouTPYT

Fig. 16-2

When S1 (sensor) is closed, power is applied to U2, a dual timer. After a time determined by C2, C1 is
energized after a predetermined time determined by the value of C5, pin 9 of U2 becomes low, switching
off the transistor in the optoisolater, cutting anode current of SCR1 and de-energizing K1. The system is
now reset. Notice that (Rex Cy) is less than (R;x Cs). The ON time is approximately given by:

(Ryx Cs5)— (Rex Cy) =lon
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SIMPLE BURGLAR ALARM
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Fig. 16-3

A simple circuit using either NO or NC sensors uses an RC delay circuit (R2/C2 or R1/C2) to drive
emitter-follower Q1, switching SCR1 and buzzer (or bell) BZ1. S1 is used for activation and reset,
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POPULAR ELECTRONICS

Fig. 164

Using one IC and a driver transistor, this simple alarm uses either NO or NC sensors. When a sensor
operates, the input to U1A goes low, causing U1A to go high, U1B low, and U1C high. This biases Q1 ON
and activates relay K1. On/off is via keyswitch S1.
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HOME SECURITY SYSTEM
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Fig. 16-5

This alarm circuit activates when S1 through S5 are activated. This lights LED1 and activates Q1 via
IC1C and IC1D. RY1 is wired to self latch. S10 is used to reset. When key switch S1 is activated or when
re-entry buttons at S6 are depressed, IC1C is deactivated until RC network R7/C3 charges.
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This relay draws 1 mA of idling current. Q1
detects open switch and energizes RY1.

BURGLAR ALARM WITH NC
AND NO SWITCHES
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This circuit uses both NC and NO sensors. Series
NC sensors allow Q1 to activate RY1. NO sensors
directly activate RY1.
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17

Buffers

t—

]‘he sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Oscillator Buffers
Precision-Increasing Buffer
Inverting Bistable Buffer



OSCILLATOR BUFFERS

AW
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EDN Fig. 17-1

CMOS buffers added to an op amp oscillator improve performance, largely as a result of nonsymmetry
and variability of the op amp’s output saturation voltages.

PRECISION-INCREASING BUFFER

_T_ -
Vln Q \ CF“l
IC1 T AW Ic2 Vou
"1/ 6001

—tm “Note: Add C,to Ensure
= op27 Stability for Reactive Loads. =

EDN Fig. 17-2

Adding an unity-gain buffer to your analog circuit can increase its precision. For example, by itself, the
op amp IC1 exhibits a maximum dVgs/dT of 1.8 pV/°C and can drive a 600-{} load. Under these condi-
tions, IC1 would dissipate 94 mW incrementally. Thus, the op amp’s Oy, of 150°C/W would change its Vs
by 25 uV.

The buffer, IC2, will isolate IC1 from the load and elimmate the change in power dissipation in IC1,
thereby achieving 1C1’s minimum, rated offset-voltage drive. The loop gain of IC1 essentially eliminates
the offset of the buffer, Almost any unity-gain buffer will work, provided that it exhibits a 3-dB bandwidth
that is at least 5 times the gain-bandwidth product of the op amp.
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INVERTING BISTABLE BUFFER
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This circuit uses a 555 timer as a flip-flop bistable buffer.
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18

Carrier-Current Circuits

’rhe sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Carmier-Current Transmitter for Data Transmission
Carrier-Current Receiver for Data Transmission
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CARRIER CURRENT TRANSMITTER FOR DATA TRANSMISSION
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RyCy
L=fi+Af
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1
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R,C

In this circuit, data at input C is amplified by IC2 and then fed to modulator IC1. IC1 generates two
frequencies, depending on the values of Cs, Ryg, B3, Ry, and R;. The frequency f, is generated if pin 9 IC1
is low and f; if pin 9 IC1 is high. A square wave appears at pin 13 of IC1 and is fed to Q1, an amplifier stage,
that is coupled via tuned transformer T, to the ac line via C1 and C2. Notice that, for safety reasons, C1
and C2 must be specifically rated for the ac line voltage.
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CARRIER-CURRENT RECEIVER FOR DATA TRANSMISSION

+i
e oot T o ca & i =
TOOK & Ek - 470pF 470pF !
1 29 e p |
135v 3%00pF : 1 ¢
¥ ie7 | 1
; s f28 T LMIeN A2t \ R30 e Ve =
0K
B2 | A }\ by Dol Bl e
& p R P .
57| 330pF
G5 1 ! €3 e 1 W+t o r
1 - [} 330CpF . P ; RA
470K
my 6.80F v 05 .
4 7‘4 | K L, | man Cﬂy 15
) 3000
e L 3 Ag b o O 6 \:p XR2zn
o q1B2 | 4K o AT = 7
v g W WA 5 0eT noet
215 L R32
5 = o 5K
22 8567 comp| By $
7 1 R25 TUNE
VAC 138V ( ] Linata 100K ‘gg
GND  REF o
3 ero = 100pF
R22 T e | s
10K 5K = 1[0
ok W Wy 11y
< B I[ =
4
AAA
o
47K
1V 12y = T RAA 3o
4K
510
PR
UTPUT 47K
RADIO-ELECTRONICS Fig. 18-2

1

Receive frequency: fy = —r——
MENCY: o = ot Rop) C

This receiver consists of an input network amplifier IC7 FSK PLL detector ICG, and output amplifier/
interface Q2, Q3, IC3A and IC3B, a 1488 Quad RS232 line driver of the carrier-current signal. Tuned
amplifier IC7 amplifies this signal and drives PLL detector IC8. The values shown in the circuit are suitable
for operation in the 100-kHz range. Recovered data at pins 5, 6, 7 is fed to the output amplifier/interface
circuit (Fig. 6). This circuit is also used with the carrier-current data transmitter to form a pair.
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19

Compressor/Expander Circuits

r.[‘he sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Audio Compressor/Audio-Band Splitter
Universal Compander
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AUDIO COMPRESSOR/AUDIO-BAND SPLITTER
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EDN Fig. 19-1

This 2-band compressor splits the audio into high and low frequencies and allows independent adjust-
ment of each. Two active filters drive the two halves of dual voltage controlled amplifier/rectifier IC. Each
section has a dynamic range greater than 100 dB. Compression gain slopes are adjustable from 2 to 25 for
both audio bands. Ry adjusts the threshold amplitude between the two bands. RK1 and R2/C2 control the
compressor attack times (10 kQ and 2 uF, respectively), while the 1.5-M resistor in the integrator circuit
controls the release line.

85



UNIVERSAL COMPANDER
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ELEKTOR ELECTRONICS Fig. 19-2(a)

Signetics’ type NE575 compander IC is intended primarily for use with battery power supplies of 3 to
7V (max. 8 V). It draws a current of 3.5 mA at 3 V and 5 mA at 7 V. The compander process (compression
at the input, expansion at the output) significantly improves the signal-to-noise ratio in a communications
link.

The IC contains two almost identical circuits, of which one (pins 1 to 9) is arranged as an expander.
The other (pins 11 to 19) can be used as expander, compressor or automatic load control (ALC), depend-
ing on the externally connected circuit. For the compressor function, the inverting output of the internal
summing amplifier is brought out to pin 12. This is not the case in the expander section, where a reference
voltage is available at pin 8. This pin is interlinked to pins 1 and 19 to enable the setting of the dc operating
point of the op amps.

The op amp i the expander section, pins 1 through 3, serves as output buffer in the compressor
section, pins 17 through 19 as the input buffer. The IC has a relatively high output sensitivity and is evi-
dently intended for processing small signals (microphone output level). A signal of 100 mV, for instance, is
amplified by 1 only. The present circuit caters to larger input signals (line level); its maximum input level is
1.5 Vrms.
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UNIVERSAL COMPANDER (Cont.)
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ELEKTOR ELECTRONICS Fig. 19-2(b)

With a 1-V input into R13, a potential of about 500 mV exists between compressor output R7 and
expander input R5. The compression characteristic is shown in Fig. 19-2(b). The signal range is reduced
by about one half at the output, which is doubled in the expander. Thus, the range after compression and
expansion is the same again, but that is not necessarily the case with the input and output level. The com-
pander can be arranged to provide a constant attenuation or amplification. With the circuit values as shown
in the diagram, the input and output levels are the same. The prototype had an overall gain of 0.5 dB when
the expander input was connected directly to the compressor output.

To allow acceptance of high input levels, R13, R14, and the compressor input resistance form a 10:1
attenuator. At the expander input, R5 and the expander input impedance of about 3 k) form a potential
divider. If the compander is to be used with smaller signals, the attenuation can be reduced as appropriate.
If the input level lies below 100 mV, R5, R13 and R14 can be omitted,

The compander covers the frequency range of 20 Hz to 20 kHz, the overall distortion is less than 19,
and the signal-to-noise ratio is about 80 dB.
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Computer-Related Circuits
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The sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Dual 8051s Execute In Lock-Step Switch Debouncer with Auto Repeat

Reset Protection for Computers Printer Error Alarm

3-uP I/0O Line Protectors Child-Proof Reset Switch

Data Line Remote Short Sensor XOR Gate

Z-80 Bus Monitor/Debugger Flip-Flop Debouncer Switch

RS-232 Line-Driven CMOS Circuits  Digital Levels Scope Displays 2 Logic Signals on 1 Scope
Bit Grabber Deglitcher

Switch Debouncer Stalled-Output Detector



DUAL 8051s EXECUTE IN LOCK-STEP
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Table 20-1. Synchronizing firmware loop
SYNCUP: MOV P3, #0FFH ;Activate internal port
; puil-ups.

MoV DPTR, #SAFLOC  ;Location for safely writing

; values so that WR*
can be generated.

MOV A, #SAFVAL ;Value to be written into
; location DPTR is pointing
; to. Use value that will
h not cause adverse effects.
WAIT: CLR P1.0 ;Toggle the JK flip flop

SETB P10 lock-step-reset (K input).
MOVX @DPTR, A ;Generate WR*.
JNB P3.5, WAIT ;If signal is high {(LOCKSTP1)

or LOCKSTP2) then lock

step has been achieved.

Otherwise, try again.
Program will now execute synchronously on each
microcontroller.

Wr o er == owa ws

This hardware-software combination deletes clocks from the slave P until both uPs synchronize. The
firmware loop causes each P to generate a WR signal once per loop. The circuit exclusive-ORs the two
WR signals to produce a miss-compare pulse. The miss-compare pulse latches into the two JK flip-flops
via outputs LOCKSTP1 and LOCKSTP2. A high on these signals indicates that the uPs are in lock-step,
causing both uPs’ programs’ execution to exit the firmware loop. If you use discrete components, you'll
probably want to use the @ output of the JK flip-flop and delete the circuit’s inverters.

The listing uses the uPs’ ports 1 and 3. You cannot use a memory-mapped location for the lock-step-
detect clear (K input) because this scheme would generate additional WR signals. You could apply this idea
to other uPs, perhaps using their RD signals. This way, generating an RD signal to activate the lock-step-
detect clear would not affect the synchronization inputs.
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RESET PROTECTION FOR COMPUTERS
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ELEKTOR ELECTRONICS Fig. 20-2

This protection circuit is inserted between the reset switch and the motherboard. The earth connec-
tion of the computer must be linked to terminal M of the protection circuit. The protection circuit can draw
its power from the computer supply.

When the circuit has been fitted, operation of the reset switch will not immediately restart the com-
puter. Instead, a buzzer will sound to alert you to the reset operation. The buzzer is actuated for 4 s by
monostable IC1A, which is triggered by the reset switch. During these 4 s, the output, pin 5, of IC1A
ensures that the reset function, pin 10, of IC1B is disabled. When the reset switch is operated again,
monostable IC1B will be triggered and this starts the reset procedure. Transistor T2 is then switched on
for 0.5 s and the buzzer is deactuated via R11 and D4.

The circuit around T1 and N4 ensures that IC1A can accept trigger pulses again 10 s after the mono
time of IC1B has lapsed. This arrangement prevents, for example, children operating the reset switch.
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3 4P 1/O LINE PROTECTORS

AESISTOR SETS
MAX CURRENT
N O AAA X
5.1k J_
DO1F, iNs231 | ZENER CLAMPS MBRO30
POSITIVE LEVELS SCHOTTKY REGTIFIER
CAPACITOR FILTERS TO 5.1V AND S CLAMPS NEGATIVE
RF SPIKES 51V | NEGATIVE LEVELS LEVELS TO'
TO ~07V ~035V @ 25°C
COM O— -D47V @ -40°C
(a) =
RESISTOR SCHOTTKY RECTIFIER
VEA CLAMPS NEGATIVE
MAX CURRENT . CLAMPS e
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RF SPIKES
COM O
e
(¢ -
EDN Fig. 20-3

In Fig. 20-3(a), a 5.1-V zener diode clamps positive-going transients, and a Schottky rectifier clamps
negative-going transients. The Schottky rectifier has problems at both ends of the temperature scale. At
125°C (257°F), its leakage current can reach 50 uA when the input line is at 5 V. This leakage is not a big
deal unless the input resistor has a value of 100 k{2 or more. More troubling, at temperatures below
~40°C (-40°F), the Schottky rectifier’s forward voltage rises to about 0.47 V, which is perilously close
to the —0.50-V max spec that most HCMOS-type pP’s inputs can tolerate.

The third circuit, Fig. 20-3(c), uses two regular silicon rectifiers. One rectifier is connected in series
with the input line, thereby isolating the uP’s inputs from negative-going voltage spikes. The other recti-
fier is in series with a 5.1-V zener, which clamps positive-going transients.
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DATA LINE REMOTE SHORT SENSOR
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Sensing short circuits in equipment that performs under water is especially critical, but Fig. 20-4’s
wet-mate connector design also suits other remote short-circuit sensing applications. Because of the lim-
its imposed by the battery and voltage levels, the circuit uses the data line to sense short circuits.

The differential voltage that develops across the 422-{ resistor in the data line drives a low-bandwidth
op amp, which amplifies and filters the differential signal. The resistor values produce a gain of 3. The op
amp’s output controls the voltage regulator’s shutdown pin.

To operate correctly, the circuit must have a continuous stream of digital data. Under normal condi-
tions, and using high-speed CMOS logic, the data source sinks less than 10 yA. This normal operation
generates about —3 mV across the sense resistor. The op amp's output will be slightly negative, produc-
ing a solid ON signal to the voltage-regulator chip. When a short occurs, the resistor and op amp together
produce an average of 2.4 Vdc. This voltage provides a solid OFF to the voltage-regulator chip.

The peak signal-line current is about 12 mA (5-V data divided by 422 ), which HCMOS logic can
handle. The addition of the resistor and op amp only changes the rise time to about 40 ns and doesn’t
cause any problems with the 2.5-MHz data rate. When the short is no longer present, the voltage regula-
tor chip turns on again. You can use the same circuit with any TTL on/off-type voltage-regulator IC.
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Z-80 BUS MONITOR/DEBUGGER

-3 >
< < 3 s S b4 100R x 10
1

s
14 hIE t i b s b 1 b s s b

==
SR=N=:

fe—12: 12

:—:——w' , : ‘, ‘. ’ T;—\GI TIL311x 9D

s 1 24

i 518 I8 T g 51 B H ) 53
7eL500 pLEY
Blanking . —nm MREQ
o 3 Tnggee Address
— iR
eESly eElle AL L2 % ®—4 AD
] 3 [+ 3 D 3 o 3 .
c 4 c 4 c 4 c ‘ - WH & Tgger
5 B 5 8 3 ) 5 B s it
s TSN Aep 7t LY EN Agg 7t M
[T - 266RST: ] o
18 B 14 pz LI EA I -3 16 [t6 [t6 |12 8 715 =
3 |5 7 18 |12
290-GND et OV 13 1 il 18
1 261§ 2521 2518 2521 7 2518 2521
Be-ClK a 17 |rs 3 B |6 |a (2 17 |5 {12 11 B 6 9 |2 2 (4 [& |8 n_la_: 14151817 18
16 s N0k 18501 o
17 —
18 WrWR 1 a - o o~ - {§ ‘S -
z . iz Iz zgwva 23=3 [ELEEE
B N N |
2
5 4 3 2 1 & 39 W 37 36 35 34 A xR oy @ W 0 2v 22 27
ELECTRONIC ENGINEERING Fig. 20-5

Getting microprocessor designs to work is notoriously difficult when both the software and hardware are new. The usual
approach is to run test routines that address memory and I/Q, but do not rely on their correct functioning, However, miswiring in any
part of the circuit usually leads to a misleading jumble of signals that might require a logic analyzer to interpret.

This simple circuit will trace the program execution and help point to the problems. Although the circuit shows connections for a
Z-80, the circuit can very easily be adapted for any 8-bit microprocessor or with additional circuitry for CPUs of any bus width,

The circuit consists of a 5-byte hexadecimal display and comparator, which are wired to a 40-pin IC test clip. The test clip sits
over the microprocessor (in this case a Z-80), where it gets power and all the required signals. The address bus and control lines are
fed to the comparator, where (by means of switches) a trigger condition can be set. Following the trigger, the next 5 occurrences of
either RD or WR will latch the contents of the data bus into the 5 hex displays, each in turn.

For example, select address 0000 M1 Rd and reset the CPU, The displays will show the very first instruction fetch, followed by
its data and any consequent action. Even details, such as stack writes and subroutine addresses, are included. To trace longer por-
tions of a program the address switches can be incremented to follow the execution path.




RS-232C LINE-DRIVEN CMOS CIRCUITS
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The circuit llustrates a way to power CMOS ICs from RS-232C lines. The MAX680 is normally used
to generate a voltage equal to 2 x Vec. This circuit does exactly the opposite. It takes in £10.5to0 12V
on the DTR and TD lines and puts out a 5.25- to 6-V signal. A pair of Schottky or silicon diodes rectifies
each RS-232C line. The resultant energy is stored by the capacitors attached to the IC’s V+ and V ~ pins.
C1 or both C1 and C2 then reverse-charge pump the energy stored at the V+ and V-~ pins to C3. The
input source current of the MAX680 is approximately equal to the voltage drop of any one of the diodes
that is divided by the series resistance of 160 . When you drive this circuit from a 1488 driver with a
+12-V supply, it can deliver 5 V at 3 mA.

To increase the output current, you can use as many as three sets of diodes on each RS-242 line to
provide 5 V at 8 mA. The more diodes you use, the lower the source resistance: R equals the inversion of
the sum of the diodes’ conductances. If your circuit requires even more output current, you can place two
MAX680s in parallel, tie their V+ and V — capacitors together, and use separate C1 and C2 capacitors for
each ship. If you do connect the devices in parallel, make sure not to exceed the power capability of the
RS-232C lines.
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BIT GRABBER
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When the user set character (D, through D) from a computer matches the character programmed on
S1A through S1H, the output from J2 becomes low. This device can be used as a test aid to check printer
cable or as a control circuit for interfacing with a computer.
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POPULAR ELECTRONICS Fig. 20-8
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SWITCH DEBOUNCER WITH AUTO REPEAT

This circuit produces an output pulse when
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Fig. 20-10
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CHILD-PROOF RESET SWITCH

ELEKTOR ELECTRONICS

Fig. 20-11

The reset switch on a computer is very important. If an operating instruction threatens to wreck the
internal management of a computer, the reset button is often the only way of avoiding a possible disaster.

On the other hand, it also could cause a disaster.

It is particularly important that children or pets cannot inadvertently operate the control. The circuit
proposed here should put an end to your worries in this respect. Instead of one reset switch, it is neces-
sary to press four switches simultaneously. The chances of this happening via accident, child, or pet are

negligible.

The four switches are placed in positions that make it impossible to operate them all with one hand.
Instead, two of them can be operated with the fingers of one hand and the other two with the fingers on
the other hand. As shown, the four switches are commected in series and are intended to replace the exist-

ing switch.
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Fig. 20-12

XOR GATE

Inverting the negative-going input transactions
allows the counter to count both positive- and nega-
tive-going edges. The XOR gate transforms the
input signal into a series of short pulses whose
width is equal to the sum of the counter and gate
propagation delays.
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FLIP-FLOP DEBOUNCER SWITCH
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EDN Fig. 20-13

Although this circuit uses a 74HC74, any CMOS variant of this flip-flop will work. IC1A acts as a true/
complement buffer. R1 and R2 ensure that IC1A comes out of reset hefore the clock’s edge occurs. R3
applies IC1A’s logic state to pins 1 and 3. When the switch closes, the next logic state stored on the capaci-
tor transfers to the flip-flop’s reset and clock inputs. Releasing the switch lets the capacitor charge to the
next state via R4, IC1A’s output is the LSB; IC1B’s output is the MSB.

Notice that the counter’s state advances when the switch is first pressed, rather than when it’s
released; the latter is the case with many other switch-debouncing schemes. You can replace R1 with a
22-pF capacitor to reduce the circuit’s sensitivity to parasitic effects. The addition of this capaCItor also
lets you lower the magnitude of R2 and R3 by a factor of 10.

DIGITAL LEVELS SCOPE DISPLAYS 2 LOGIC SIGNALS ON 1 SCOPE

Using this simple resistor circuit, you can trick
AQ oy your oscilloscope into displaying two logic signals
' on one channel. If you select R, to be twice Ry, the
scope trace will show one of four distinct analog
levels for each possible combination of the states of
inputs A and B.

Of course, the voltage levels that your oscillo-
scope sees depends heavily on the current-sourc-
ing capability of your digital logic. Because you
must use high resistances, this technique has a lim-
ited frequency range.
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DEGLITCHER
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Glitch has been a universal slang expression among electronics people for an unwanted transient con-
dition. In D/A converters, the word has achieved semiofficial status for an output transient, which occurs
when the digital input addressed is changed. The sample/hold amplifier does double duty, serving as a
buffer amplifier as well as a glitch remover, delaying the output by 1/2-clock cycle.

The sample/hold can be used to remove many other types of glitches in a system. If a delayed sample
pulse is required, it can be generated using a dual monostable multivibrator IC.

STALLED-OUTPUT DETECTOR

+12V

This circuit can be used to detect a stuck out-
put or node in a circuit, or a loss of data or pulses.
The pulse train charges C1 and biases Q1 on, which
lights the LED. If the input remains high, Q2 extin-
guishes the LED.
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POPULAR ELECTRONICS Fig. 20-16
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Converters
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rE\e sources of the following circuits are contained in the Sources section, which begins on page 664, The
figure number in the box of each circuit correlates to the entry in the Sources section.
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4-t0-20-mA Current Loop

Power-Saving Intermittent Converter
Current-to-Frequency Counter

Sawtooth Converter

Period-to-Voltage Converter
Rectangular/Triangular Waveform Converter
uP-Controlled Negative Voltage Converter
dc/dc Converter

Voltage-to-Current Converter

1-t0-5-V dc/dc Converter

9-t0-5-V Converter

+3-V Battery to +5-V dc/dc Converter
Sine-Wave/Square-Wave Converter
Precision Full-Wave ac/dc Converter
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Fig. 21-1

This 5-V circuit utilizes a servo-controlled dc/dc converter to generate the compliance voltage neces-
sary for loop-current requirements. This circuit will drive 4 to 20 mA into loads as high as 2 200  with 44
V of compliance. It is inherently short-circuit protected. A current source by definition limits current

regardless of the load.

The circuit’s input voltage and the 4-mA trim network determine IC1’s positive input voltage. IC1's
output biases the LT1072 switching regulator’s Vi pin. The resistors connected to the regulator’s feed-
back pin, FB, prevent the circuit output from running away in the event that the load opens up.

Normally, IC1 controls the loop. However, if the load opens, IC1 receives no feedback. Under this
condition, the FB pin becomes active when it equals 1.2 V and forces the loop to close locally around the
regulator by activating IC2’s internal amplifier. Thus, the circuit automatically changes from a current to a

voltage regulator, thereby preventing excessive output voltages.
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POWER-SAVING INTERMITTENT CONVERTER
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This circuit switches its de/dc converter, IC1, off whenever the large filter capacitor, C6, has sufficient
charge to power the load. This particular circuit uses a de/dc converter that produces 115 Vdc from a
9-Vde input; you can tailor the circuit to suit other converters. The heart of the circuit is a 555 timer con-
figured as a dual-limit comparator. Thus, the 555 turns the converter on or off, depending on the voltage
across C6. The 555's complementary output lights the charge LED when the FET is on.

Initially, the voltage on C6 is zero, and the 555’s output turns on the FET, Q1, in turn, enabling the
converter to run, which charges C6. When the voltage on the capacitor reaches the value set by R3, the
555 turns the converter off. Then, C6 slowly discharges into the combined load of the voltage divider (R2,
R3, and R4) and the reverse-biased blocking diode, D1.

When the voltage falls below 1/3 V¢, the 555 restarts the de/dc converter. If this circuit powers a load
that periodically goes into a zero-power, shutdown mode, the 555 switches the dc/dc converter on full time
whenever the load kicks in.

When the supply voltage falls below 7.5 V, the output of the converter is no longer high enough to
charge, the LED doesn’t light. The circuit uses 205 mA when the converter is on and 10 mA when the
converter is off. The duty cycle comprises a 5-s ON period, a 150-s OFF period, and it represents a 92%
power reduction. You can further reduce power consumption by removing the charge LED and using a
CMOS 555 and a CMOS 78LO5 regulator.
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CURRENT-TO-FREQUENCY CONVERTER
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ELEKTOR ELECTRONICS Fig. 21-3

Teledyne Semiconductor’s Type TSC9402 IC is eminently suitable as an inexpensive current-to-fre-
quency converter. The maximum input current of the design shown in the diagram is 10 pA (input voltage
range is 10 mV to 10 V), while the output frequency range extends from 10 Hz to 10 kHz. The conversion
factor is exactly 1 kHz/uA. The factor can be altered by changing the value of R1—as long as the maximum
input current of 10 pA is not exceeded.

The circuit has two outputs. That at pin 8 is a short-duration puise, whose rate is directly proportional
to the input current; that at pin 10 is a square wave of half the frequency of the pulse at pin 8.

Calibrating the circuit is fairly simple. Connect a frequency meter to pin 8 (preferably one that can
read tenths of a hertz) and connect a voltage of exactly 10 mV to the input (check with an accurate milki-
voltmeter). Adjust P1 to obtain an output of exactly 10 Hz. Next, connect a signal of exactly 10 V to the
input and check that the output signal has a frequency of 10 kHz. If this frequency cannot be attained,
shunt C1 with a small trimmer or replace R1 by a resistor of 820 kQ and a preset of 250 k{2.

The circuit may be adapted to individual requirements with the aid of:

Jou=InU,(C1+12 pF) (Hz]

The reference voltage, U,, hereis -5 V.
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SAWTOOTH CONVERTER

% see text
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ELEKTOR ELECTRONICS

Simple function generators normally provide sinusoidal, rectangular, and triangular waveforms, but
seldom a sawtooth. The circuit in Fig. 21-4(a) derives a sawtooth signal from a rectangular and triangular
signal. Its quality depends on the linearity of the triangular signal, the slope of the edges of the rectangular
signal and the phase relationship between the rectangular and triangular signals,

The conversion is carried out in IC1. Whether the triangular signal at input A is converted or not by
IC1 depends on the state of T1. This FET is controlled by the rectangular signal at input B.

The signal at the output of the op amp is a sawtooth (see Fig. 21-4(b)) whose trailing edge is inverted.
The frequency of this signal is double that of the input signals. .

If in this state, the dc level of each inverted edge is raised sufficiently to make the lower level of that
edge coincide with the higher level of the preceding edge, a sawtooth signal of the same frequency (but
double the peak value of the input signals) is obtained. The dc level is raised by adding input B to the
output of IC1 via R7 and P1. The preset should preferably be a multiturn type. Resistors R2 and R4 are
1% types.

If a rectangular signal is not available, or if its peak value is too small, the auxiliary circuits (shown in
Figs. 21-4(c) and 21-4(d)) will be found useful. Figure 21-4(c) amplifies the triangular input at A by 10.
Differentiating network C1/R10 derives rectangular pulses from the amplified triangular signal and these
are available at F.

The pulses at F are shaped by the circuit in Fig. 21-4(d) to rectangular signals that have the same peak
value as the supply voltage. Capacitor C2 increases the slope of the edge; it can be omitted for low-fre-
quency signals.

The converter provides sawtooth signals over the frequency range of 15 Hz to 15 kHz. If the auxiliary
circuits are used, capacitor C1 must be compatible with the frequency of the sawtooth signal (its value lies
between 2 nF and 100 pF). The supply for all circuits can be between £10 V and +15 V. Each op amp
draws a current of 4 to 6 mA.
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PERIOD-TO-VOLTAGE CONVERTER

+15¥

Input _J
vl |
I
o l
ELECTRONIC DESIGN Fig. 215

ICA,R1, R2, R3, and Q1 form a current source. The current that charges C1 is given by:

VDnXRl
T (Ry+ R Ry

_ 15x3 kO
B kQ+12 kM %470 kO

= 6.4 uA

The input signal drives ICD. Because ICD’s positive input (V+) is slightly offset to +0.1V, its steady
state output will be around + 13 V. This voltage is sent to ICC through D2, setting ICC’s output to +13 V.
Therefore, point D is cut off by D1, and C1 is charged by the current source. Assuming the initial voltage
on C1 is zero, the maximum voltage (VC,,,) is given by:

IxT
V max = ———
¢ C

1
_ 6.4xt
0.004 7

= 1362¢

If =1 ms, then VCpy =1.362 V.

When the input goes from low to high, a narrow positive pulse is generated at point A. This pulse
becomes - 13 V at point B, which cuts off D2. ICC’s V + voltage becomes zero. The charge on C1 will be
absorbed by ICC on in a short time. The time constant of C2 and R5 determines the discharge period—
about 10 us. ICB is a buffer whose gain is equal to (R + Ry) + Ry=1.545. ICD’s average voltage will be
(1362¢x1.545) + 2=1052¢. R10 and C3 smooth the sawtooth waveform to a dc output.
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RECTANGULAR/TRIANGULAR WAVEFORM CONVERTER

161 =1L MI3700
________ 102 = TLO84

B2X75C2V1
(3 x 1N4148)

-
?20[)

oV
® T . - ®
| e “‘| -
15V 13' |
cs i {
\ 1
1000 I
C)——} €2 |
Cco X ]
ICy
1000 }
v - 23 5
ELEKTOR ELECTRONICS Fig. 21-6

Many function generators are based on a rectangular waveform generator that consists of a Schmitt
trigger and integrator. The triangular signal produced by the integrator is then used to form a sinusoidal
signal with the aid of a diode network. The converter presented here works the other way around. It con-
verts the output of a good-quality sine-wave oscillator into a rectangular and a triangular signal.

The sinusoidal signal is converted into a rectangular signal by IC2A. Because the output of this gate
varies between —15 V and +15 V, it is reduced to a value that is suitable for integration by potential
divider R3/R4. It is then integrated by transconductance amplifier IC1A and C2. The amplifier has a cur-
rent output that is controlled by the current through pin 1. The output therefore behaves as a resistance,
with which it is possible to influence the integration time.

The voltage across C2 is available in buffered form at the output of impedance inverter IC2B; this is
the triangular signal. The amplitude of this signal is compared with a voltage set by P2 and the difference
between these voltages, which is the output of IC2C, is applied to the current source at the output of IC1
via R5. This arrangement ensures that the level of the output voltage is virtually independent of the fre-
quency of the rectangular signal or of the sinusoidal input.

One problem with a precision integration is its being affected by offset voltages and bias currents.
Feedback loop R6/C1 ensures that the output follows the potential across R4 accurately. However, tiny
deviations might be caused by the bias current in circuit IC1, which is not greater than 8 uA at 70°C.
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RECTANGULAR/TRIANGULAR WAVEFORM CONVERTER (Cont.)

The time constant R6/C1 is large for a purpose: to ensure that the triangular signal, even at low fre-
quencies, cannot affect the waveform of the signal to be integrated—the rectangular shape must be
retained. The converter can process signals at frequencies from 6 Hz (where the amplitude is not affected)
to 60 kHz (where the amplitude is reached by 10%).

Because of the long time constants, the time taken for the recovery of the amplitude of the triangular
signal at frequencies above 1 kHz is rather long. The peak value of this signal should be set to 1 V.

Diode D1 is a so-called stabistor—three diodes in one package. It might be replaced by three discrete
type 1N4148 diodes. The current drawn by the converter is of the order of 9 mA.

uP-CONTROLLED NEGATIVE VOLTAGE CONVERTER

v
T > 8x1k

PROCESSOR DATA BUS l > > % ‘I i
b 74F374 < s %% < 8x0.01 pF
o 3 5 o 2 b It
D o ° s "
1 {
= D, Q, {—s
7 6
02 D, a, |{—e
3 8 9 ]
D, Q, —
D, 13 12 I
5 D, Q, 1 {
5 14 15
. D, Q | »
17 18
s D, Q, — p
D, 18 19 |
0, Q, 1
REGISTER LOAD 1" S DATA IN 74F374 Vour {150-kit LOAD)
00 -3.3
PROCESSOR CLK (2 MHz) 33 £o 01 30 1N400X v
03 28 !
o7 23
oF -19
1F ~14
3F 0.9
7F 0.4
FE 0 J.-
EDN Flg. 21-7

This circuit was used to produce a variable negative voltage for contrast control of an LCD display. A
74F374 generates a square wave that is ac coupled to a rectifier and load. By using the uP clock and data
from the processor bus, and properly timed load signal, the dc level generated can be controlied by the uP.
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dec/dc CONVERTER

L o1
100H 1N5818
tf‘
J
SR
> 100
fom Vin a2m
swi - _
173 —a This circuit uses a Linear Technology LT1073
T 4a .
B —3$ onr=  ina —24-V converter. The supply can be two AA
GND  Sw? ~ 1 cells (3 V) or 5 V. The circuit can deliver 7 mA.
L A’ nsgis S g
= 2xAA pr @
T cew ‘¥> 1N5818
D4 - l
W41 e L

48
OPERATE [ SHUTDOWN -)I—-J 2uF T
*TOKO 262LYF-0092K ——l 24y DUTPUT
**1% METAL FILM

LINEAR TECHNOLOGY Fig. 21-8

VOLTAGE-TO-CURRENT CONVERTER

Ry
e AAA—
100k 0.5%
R, 100k 0.5% Ry 100k 0.5% +15V
AAA _‘M_—
IN3018
+15V
v, & 1,
100K 0.5% R, A
| 100k 0.5% vl | Tk Vg.
' ’ 72— WA ©
H7 T ‘oul
2
kU 15V Ry 2N4533

47k 15V

ELECTRONIC DESIGN i Fig. 21-8

This voltage to current converter uses three op amps to drive a pair of power transistors. The current

Output resistance is over 50 M. Isyr can range from 1 mA to the current ratings of T1 and T2.
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1-TO-5 V dc/dc CONVERTER 9-TO-5-V CONVERTER
82 uH )
LD l 2200 i»
T \;..é " 1N5818 & b Vi SW,
AA Pl SENSE
CELL LT107:§ I\‘ISSE o \T1173-5 270uH o
GND  SW, _L our GND SW: -:~ our
1004F v 1NEB18 = 1004F
T BATTERY T
=L -1
LINEAR TECHNOLOGY Fig. 21-10 | LINEAR TECHNOLOGY Fig. 21-11
This circuit, using the Linear Technology Using a Linear Technology LT1173-5, this con-
LT1173, produces 5 V at 40 mA from a 1.5-V AA | verter produces regulated 5 V from a 9-V battery.
cell.

+3-V BATTERY TO +5-V dc/dc CONVERTER

Ly 470.H 1N4148
_L Y N—{—I—»%VDUT
W= IR
S R 3 uk 150
2 24%n L
- 5 =
! M I
LBR ] ‘: H]
smaxim b 540k (1
< R MAX630 vslP
> 40%kn
I 180 x GO

Rz
= J-B 2 _Ij 20012
]
100pF T~ g
Cx

aTpF f

MAXIM Fig. 21-12

A common power-supply requirement involves converting a 2.4- or 3-V battery voltage to a 5-V logic
supply. This circuit converts 3 V to 5V at 40 mA with 85% efficiency. When I, (pin 6) is driven low, the
output voltage will be the battery voltage minus the drop across diode D1. The optional circuitry that uses
C1, R3, and R4 lowers the oscillator frequency when the battery voltage falls to 2.0 V. This lower fre-
quency maintains the output-power capability of the circuit by increasing the peak inductor current, which
compensates for the reduced battery voltage.
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SINE-WAVE /SQUARE-WAVE CONVERTER

+12v

RADIO-ELECTRONICS Fig. 21-13

An op amp used as a comparator produces a 10-V p-p square-wave output with 100-mV input, to
15 kHz. Adjust R5 for symmetry of square wave at low input levels.

PRECISION FULL-WAVE ac/dc CONVERTER

R
AN 4 > RO
R2 10K o 3k
10K I
¢
+9V ]_ D2 R3 + 48y
2'%\ b | s
7 AAA
[ YWy
AC INPUT It L G o
0-2v RMS D1 DC OUTPUT
1N4148 0-2 VOLYS
R7
27K B T
RADIO-ELECTRONICS Fig. 21-14
A dc level is produced that corresponds to the ac input rms value (f sine wave). ? set the gain of
5

IC2 to 1.11. This factor is the average-to-rms conversion factor. IC1 and IC2 act as a full-wave rectifier
circuit, with D1 and D2.
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Crystal Oscillators

’E'le sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Micropower Clock 10-to 80-MHz Oscillator

Simple Fundamental Crystal Oscillator 1-to 4-MHz CMOS Oscillator
Simple Third-Overtone Oscillator 150-to 30 000-kHz Oscillator
Colpitts 1-to 20-MHz Crystal Oscillator ~ 50-to 150-MHz Oscillator

100-kHz Crystal Calibrator Two-Frequency Colpitts Oscillator
100-MHz Overtone Oscillator 1-to 20-MHz TTL Oscillator
Voltage-Controlled Crystal Oscillator Crystal-Controlled Bridge Oscillator
330-MHz Crystal Oscillator Economical Crystal Time Base
10-to-150 kHz Oscillator Crystal Oscillator
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MICROPOWER CLOCK

Al
1

R2 C2
22kQ 47 pF
25V

» :
4
g) C18 14 o Clock Oul
2.2k 200 kHz
MC140018

" 14 —o68V
47pF

—[ 0.1 uF
25V Y
33 kﬂ Ic1D "‘ 25V

ik
§§
ANA—

1 MQ
WV
4.7 k2
111
{ i
330 pF Y1 470 pF
I 25V 200 kHz I 25V
- Murata Erie -
CSB 200D
EDN Fig. 22-1

Although ceramic resonators are a good choice for low-power, low-frequency clock sources (if you can
stand their 30-ppm temperature coefficient), they have troublesome, spurious-resonance modes. This cir-
cuit rejects all but the resonator’s fundamental mode. This clock circuit works from —40 to +80°C and
consumes only 2.8 mW.

The rising edge of resonator Y1 toggles IC1A low. ac-coupled positive feedback from IC1D via C1 and
R1 immediately confirms this state change at IC1B so that Miller loading, harmonic components, or
below-minimum rise times at IC1A cannot force IC1C to relapse to its previous state. This tactic also
applies to resonator Y1’s falling edge because IC1C, via C2 and R2, holds IC1B high.

Choose time constants R,C,;, and R,C; to be equal and ranging from 60 to 75% of one-half of the
clock’s period. Ceramic capacitors (10% tolerance) with X7R dielectric work well. With these time con-
stants, the logic will be locked and unavailable to the ceramic resonator until just before it executes a legiti-
mate transition. IC1D and IC1C are in parallel to isolate the resonator from external loads and, more
importantly, from C2.

122



SIMPLE FUNDAMENTAL CRYSTAL OSCILLATOR

wmﬁ 30 pF
L_,,—" "
S0
70 Mz
AF DESIGN Fig. 22-2

This simple fundamental oscillator uses a uPC1651G IC and two components. The crystal is funda-
mental.

SIMPLE THIRD-OVERTONE OSCILLATOR

% pF UPC 16316 10 pF

- LT

(third overwone)

RF DESIGN Fig. 22.3

Using a 210-MHz third overtone crystal, this circuit operates directly at the crystal frequency, with
210-MHz output and no multiplier stages.

COLPITTS 1-to 20-MHz CRYSTAL OSCILLATOR

870
12vDC

This Is a simple Colpitts crystal
oscillator for 1 to 20 MHz, can be easlly
made from junk-box parts (provided that

a crystal is handy).
hd —
*SEE TEXT ouTPUT
50mv
POPULAR ELECTRONICS Fig. 224
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100-kHz CRYSTAL CALIBRATOR

AA— + 12V
R1)
1004}
Using a 12-V supply, this crystal calibrator
should prove a useful accessory for a SW receiver.
Q1 and Q2 form an oscillator and Q3 is a buffer
C—ox  amp.
POPULAR ELECTRONICS Fig. 22-5

100-MHz OVERTONE OSCILLATOR

VL 24k
10k
iy ot 47k
TRg 0.14H o 3 0.agpH
1-14 T 12 8
T

1
33 . . - -
wr@fdm anw This oscillator circuit uses a 5th overtone crys-
> Y1
2.7

o

T ; S Joow T S tal in the 85-t0-106 MHz range. Y1 is the crystal.
= s$ The circuit was originally used to frequency control
o ‘r—j ot o _[w,pr a microwave oscillator.
1 /?.7 ~19vde
$  pewrr
3 /77 /ﬁGND
73 AMATEUR RADIO Fig. 22-6
VOLTAGE-CONTROLLED CRYSTAL OSCILLATOR
Y1
C1
Notes:
F 1. For frequencies < 1 MHz, C1=5 to 15 pF.
+1V .L For frequencies = 1 MHz, C1 can be eliminated.
Cont. — Output 2. IC is SN7ASL24 for fy of 60 MHz.
+410 5V ——— IC is SN74LS124 for £, of 35 MHz.
Range
lEnable
VALPEY-FISHER B Fig. 22-7
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330-MHz CRYSTAL OSCILLATOR

UPC 18316

56-270 pFf 18 pF
1 = )
50
—)
- 330 MHz =
{funcasental)
RF DESIGN Fig. 22-8

A uPC 1651G IC operates in the fundamental
mode with an experimental crystal at 330 MHz.
The 56-t0-270 pF capacitor is not critical; about
+1-dBm RF output is available.

10-to 150-kHz OSCILLATOR

+51t0 +12 Vde
L1 cz
éz 2k . -+ X -
100 2 ST 1000
+ Outpint
= Sine Wave
oy 1
-~ Xe=
2800
—~C1
o 0 Volts
VALPEY-FISHER Fig, 22-10
Note:

Y1is “H", “NT, or “E’" cut

10-to 80-MHz OSCILLATOR

Y1 C1
| i L
"—l D I 1t
y—— ) +51t0
+15Vvde
4.7 KQ)
47 k2 X = 22k | 22kQ
[ e
Xo=
150 {2 Qutput
o Square Wave
4 o 0 Volts
VALPEY.FISHER Fig. 22-9
Notes:

1. Y1 is “AT” cut, fundamental, or overtone crystal.
2. Tune L1 and C2 to operating frequency.

1-to 4-MHz CMOS OSCILLATOR

R2

Cc2

Output

A

VALPEY-FISHER Fig. 22-11

Notes:

1.1 MG < B, < 5MQ
2. Select R, and C; to prevent spurious frequency.
3. ICs are 74C04 or eguivalent.
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150-to 30 000-kHz OSCILLATOR

22KQ +51t0 12
VW O
voC
- Xc = 1.2KQ
i Notes:
111
OUTPUT, 1. Y1is “AT", “CT", “DT", “NT*, “'SL", or “E” cut.
C« DISTORTED 2. C1, C2, and C3 in series should equal the load capacity of crystal.
SINE WAVE 3. Adjust RY for 1/2 supply voltage at collector of transistor.
Ca
T X = 40002
O
0 VOLTS
VALPEY-FISHER Fig. 22-12

C1 capacitor in series with the crystal may be used to adjust the output frequency of the oscillator.
The value can range between 20 pF and 0.01 gF, or it can be a trimmer capacitor.

X values are approximate and can vary for most circuits and frequencies; this is also true for resistance
values. Adequate power supply decoupling is required; local decoupling capacitors near the oscillator are
recommended.

50-to 150-MHz OSCILLATOR
+5t0 12

"4
vOC
C, OUTPUT.
SINE WAVE

1L

O
0 VOLTS

VALPEY-FISHER Fig. 22-13

Notes:

1. Yl is “AT" cut, overtone crystal.

2. Tune L1 and C2 to operating frequency.

3. L2 and shunt capacitance (C0) of crystal (approximately 6 pF) should resonate to the output frequency of the oscillator (L2 = 0.5uH at 90 MHz), This
is necesaary in order to tune out effect of CO of the crystal,

4. C3 is varied to match output.
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TWO-FREQUENCY COLPITTS OSCILLATOR

12vDG

c3
100pF
NPO
M.
LiY
81
l ce2 $n2
= XTALY = XTAL2 001 :: 1K ouTeuT
10.7MHz T 9MHz NPQ
-0,
e
4 C5
50pF 50pF
POPULAR ELECTRONICS Fig. 22-14

Using switched crystals, this oscillator is intended for receiver alignment purposes.

1-to 20-MHz TTL OSCILLATOR

OUTPUT
Notes:
KD
GND 1. Yl is “AT" cut fundamental crystal.
20pt 20:-'1 2. ICs are 7400/7404.
v
GRND
VALPEY-FISHER Fig. 22-15

CRYSTAL-CONTROLLED BRIDGE OSCILLATOR

This crystal-controlled oscillator uses the cur-
rent variations in a small lamp to stabilize amplitude
variations.

Vg Cut
® 20%Hz

Fig. 22-16
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ECONOMICAL CRYSTAL TIME BASE

R 5t015V
——()
1006 Ho5H,
P Ol
204 800 Hz 100 Hz
- 2
e Q s e[ le 0T O
+ o4 =, D1 (+Y =, D2 Q2Clock
R1 P e s |1 Q 02 1] 50 Hz
10M2 4060 Q14 Clock 2 4013 Qt @D
1
?'R GND R1 S1 GND R2 S2
X 12 |8 Zz |6 7 10 |8 c3
»—{ﬂ = 10 4F
16V
L 1 Cc2
TZZpF 2to 22 pF {)
> — o

ELEKTOR ELECTRONICS Fig. 22-17

The above time base circuit will provide 50-, 100-, or 200-Hz signals from an inexpensive crystal cut
for 3.276 8 MHz, a common crystal used for microprocesser works. It requires a power supply of 510 15V
at 0.05 to 2.5 mA.

CRYSTAL OSCILLATOR

' j_ AN »+9V
11 00
2N3563
01 uF
330 Q ‘J‘ 0014
L

WILLIAM SHEETS Fig. 22-18

This simple circuit will oscillate with a wide range of crystals. Connect several different types of crys-
tal holders in parallel to improve versatility. The 3-to 40-pF capacitor adjusts crystal frequency over a small
range for setting to standard-frequency transmissions when the unit is used as a crystal calibrator.
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Data Circuits

’E)e sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.

3-Wire Receiver/Message Demuxer
Data Acquisition System 1

Data Acquisition System 11
Low-Frequency Prescaler

Analog Data-Signal Isolater
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3-WIRE RECEIVER/MESSAGE DEMUXER

sv osv 12-BIT DATA BUS
9 DBCO 113
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EON Fig. 23-1

This 3-wire receiver checks the first four data bits of 16 received bits against a preset address. If the
two match, the remaining 12 bits are latched into two 6-bit flip-flop registers. Either CMOS or TTL logic
families can be used in the design.
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DATA ACQUISITION SYSTEM |

HI-508 ?-arr
— HA-6320 ADC STORAGE
HiI-774a R R
N 6 EG(STE
o | cranneL
——  Mux R
S/H -
~— AL 3TS CLK
SELECT
4 2
BINARY o cLocx
COUNTER INPUT 11 - MUX BETTLING
12 = CONVERS!ON INITIATEDR
.
HARRIS Fig. 23-2

The HI-506 multiplexer is used as an analog
input selector, controlled by a binary counter to
address the appropnate channel. The HA-5330 is a
high-speed sample and hold. The sample/hold con-

trol is tied to the status (STS) output of the HI-
774A; whenever a conversion is in process, the S/H
is in the hold mode. A conversion is initiated when
the clock input becomes low; when the clock
becomes high, the mux address changes. The mux
will be acquiring the next channel while the ADC is
converting the present input, held by the S/H. The
clock low time should be between 225 ns and 6.5
us, with the period greater than 8.5 us.

With this timing, T/C will be high at the end of
a conversion, so the output data will be valid ~ 100
ns before STS goes low. This allows STS to clock
the data into the storage register. The register
address will be offset by one; if this is a problem, a
4-bit latch can be added to the input of the storage
register. With a 100-kHz clock rate, each channel
will be read every 160 ps.

DATA ACQUISITION SYSTEM i

LATCH

ANALOG

P
INPUTS COMPARATORS

ANALDS INPUT MDOULE
HARRIS

[ S—— "
'L. | >'—"'—"JL.,_ INTERFACE L

r-—-=----=--- T
] ]
] I
1
INTERFACE t MEMDRY :
N
]
/L | :
¢—-:{ 5__ ’
)] | '
1
- 1
i MICROPROCESSOR t
i i
] i
' (
L J
PROGESSOR
Fig. 23-3

In this circuit, an HA-4900 series comparator is used in conjunction with a D/A converter to form a simple,
versatile, multichannel analog input for a data acquisition system. The processor first sends an address to
the D/A, then the processor reads the digital word generated by the comparator outputs. To perform a
simple comparison, the processor sets the D/A to a given reference level, then examines one or more
comparator outputs to determine if the inputs are above or below the reference. A window comparison
consists of two such cycles with two reference levels set by the D/A. One way to digitize the inputs would
be for the processor to increment the D/A in steps. The D/A address, as each comparator switches, is the
digitized level of the input. While stairstepping, the D/A is slower than successive approximation; all chan-

nels are digitized during one staircase ramp.
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LOW-FREQUENCY PRESCALER

Al | R2
oo
IMEG | 100K %ZM
’ g I 9 = 18
N
o umm— 4
(1-150Hz) . 40488
1] 6 L| (_J 7 5 8
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3
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_.._...___o O’/[ Q___.__
RADIO-ELECTRONICS Fig. 234

For multiplying frequencies in the 1-to 150-Hz range, this circuit uses a 4046B and a =100 prescaler.
The VCO output is phaselocked to the low-frequency input. This simplifies use of a frequency counter to
measure LF signal frequencies.

By using a 4017B and a 1-kHz fiy, the circuit can be used as a 1-to 9-kHz frequency synthesizer or as
a x 10 frequency multiplier.
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ANALOG DATA-SIGNALS ISOLATER
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ELECTRONIC DESIGN Fig. 23-5

By converting analog data to digital and using optocouplers, this circuit can be used to transmit analog
signals across barriers, such as voltage levels, different ground systems, etc.
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24

Detectors

’l‘he sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Thermally Operated Direction Finder =~ NOAA Weather-Alert Decoder

Two-Sheets Detector Low-Level Diode Envelope Detector
Metal Detector Trip-Point Detector and Controller
Metal Detector AM Envelope Detector

Peak Detector IC Product Detectors

Undervoltage Detector Peak Detector

SSB/CW Product Detectors Air-Pressure Change Detector
RF-Field Detector Duty-Cycle Detector

Line-Operated Smoke Detector Op Amp Peak Detector
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THERMALLY OPERATED DIRECTION DETECTOR

RPW100

H
L™ d :
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ELEKTOR ELECTRONICS Flg. 24-1

A heat-sensitive sensor can be used to construct a direction detector. Such a sensor reacts to all ani-
mal heat. The one used in this design has a sensitive surface that has been divided into two. It, therefore,
makes a difference, whether the heat approaches from the left or the right. The indication for cold objects
is, of course, exactly the opposite.

Circuit IC1B forms a symmetric supply. Terminal s of the sensor is its output. The signal at s is ampli-
fied in IC1A by a factor of about 70 before it is available at the output of the detector.

To obtain good directivity, it is best to place the sensor behind a single narrow slit, rather than behind
the usual raster of a multifacetted mirror. The circuit draws a current of only a few mA from a 5-V supply.
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TWO-SHEETS DETECTOR

Vec
Qv
S
Vee 470 $ R,
O
74G04 g 8 " 12 -
R 14
L) 12 1 2 3 4 At 1
ICia 2O O ICse 3t
619k - Ca
0.1 wF Ry IC2
P 100k cs2817
2
A 2
_l. 819K - j__——
- Cs
Iomaz o 3 4 IS 10
5 [
O -
I B S R
= C,
c.l !51.« pF T w j; 10
:-
3 Ry
1
wvcc VRy Ver
Ag oy 1=v
Vee AAA I r5k
v _J_ 12k
Cs 1 12 14
G uF =
Rs S 150 I ¥ -
a 1" vy 10 i 4
RED % c ¥ [ 8 -
RS1 A 2] — . ol o our
BLK o Ll 12k 324 5 SWC LM324
] "
R"

AN
b J

L REFLECTIVE-PAPER
= SENSOR SIGNAL

SPX *
‘ 1980
Ryo * Ca
BLK s 6| Ic 7
\ 12k D066 J- I 474k

EDN Fig. 24-2

Using the principle of capacitance between two plates this circuit senses when more than one sheet of
paper goes between the sensing electrodes at a time. C1 is the sensing capacitor formed of two plates. It
consists of two plates 2% x 15" with 0.1” spacing. A change of capacitance causes a change in oscillator
frequency of the IC1 circuit, which is detected by IC2 and IC3.
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METAL DETECTOR

POPULAR ELECTRONICS

An NE602 acts as a heterodyne detector and
Q1 as a sense oscillator. When L1 is brought near
metal, it causes a charge in loop inductance, shifting
the resonant frequency of L1 C6/C7. L1 is 5 turns .
#20 wire on a 9" diameter wood or plastic form.

METAL DETECTOR
. . . —— 0%
G
+
(03] R3 N B1
47 pF } I 0.1 4F 470 kQ 9V
— Q2
- a1 2N3904
2N3904
Cc9 C1 R4
365 ijL’ 1(1)T 0.1 uF 120 kO 0(%5 ; 139114 100 yA
I St B S {s
C4 R1 L
0.0068 uF 1 kD
e S
B csa4555T
= *See Text ®
e c6
= 0.1 uF

POPULAR ELECTRONICS

Using an oscillator running at 455 kHz, the metal-detector circuit produces an indication on the meter
M1. When the oscillator frequency changes because of metal in the field of L1, the change will show as an
increase or decrease in frequency, which produces a charge in the meter reading. The ceramic filter FILT1
produces a selective bandpass that yields this effect. L1 can be a 4" diameter coil wound on a suitable
plastic form. About 10 turns of #26 wire are required. Use a frequency counter to adjust L1 and verify that

Q1 is operating on or near 455 kHz.

Fig. 24-4




PEAK DETECTOR
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A 0-to-5 V input drives the negative input of LM392 comparator if reset (pin 12) if DC4060BE is
pulled high then low, all outputs of ICF1 are forced low, forcing + input of comparator to go low. Q1 is cut
off and IC1’s clock oscillator, running at about 775 Hz, starts counting. The Q4 through Q14 outputs con-
nect to a ladder. When the counter reaches a count so that the voltage on pin 3 of the LM392 equals the
peak input voltage, the counter stops. This voltage is available at the output of the voltage follower LM392
(pin 7). The maximum time to acquire a peak is 22 seconds. This circuit is slow and was originally
intended for battery-charging applications.

UNDERVOLTAGE DETECTOR

The output goes high when the supply falls
below a value determined by zener diode D1. If D1
is a 5.6-V zener, the op amp will switch high when
the supply voltage falls below approximately 11 V.
The precise trip point can be varied by replacing R3
with an 820-kQ resistor in series with a 470-k{
potentiometer.

RADIO-ELECTRONICS Fig. 24-6
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SSB/CW PRODUCT DETECTORS
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ARRL HANDBOOK Fig. 24-7

These circuits are used for product detection of single-sidebound (SSB) and CW signals. BFO injec-
tion is typically 0.5 to 1 V rms for both circuits. Frequencies can be up to 25 MHz or so.

RF-FIELD DETECTOR
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IMEG
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POPULAR ELECTRONICS Fig. 24-8

This detector is a half-wave rectifier for RF, which then feeds an op amp. U1A acts as an amplifier,
driving meter M1, This circuit can detect mW RF leveis from below the AM broadcast band to well above
the FM broadcast band.
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LINE-OPERATED SMOKE DETECTOR
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Using an ionization chamber and a high-impedance (CA3130) op amp, the presence of smoke will
cause the CA3130 to stop oscillating, triggering S106D SCR, sounding the alarm.

NOAA WEATHER ALERT DECODER
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POPULAR ELECTRONICS N Fig. 24-10

This circuit detects the 1050-Hz tone sent by the NOAA (National Oceanic and Atmospheric Adminis-
tration) Weather radio stations that operate from 162.40 to 162.55 MHz. This tone lasts for several sec-
onds. Q1 is an amplifier that feeds tone detector Ul, an NE567 detects this tone and produces a low on pin
8. This is coupled to a 555 timer (U3), which produces a high on its pin 3, sounds BZ1, triggers SCR1, and
lights the LED. 82 is used to rest the circuit.

Audio is taken from the receiver that is used with the device. S1 is used to test the device and it will
sound the alarm in two seconds if all is OK.
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LOW-LEVEL DIODE ENVELOPE DETECTOR
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An approach to low-level RF detection and performance curves is shown here. This design is for
10 MHz, but values can be scaled to other frequencies, if needed.
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DETECTOR AND CONTROLLER
Flip-fiop reset

T Comparatord
Threshold 6

Trigger

ELECTRONIC DESIGN Fig. 24-12

Many applications require analog signals to be sensed and digital signals to be controlled. A way to
detect these points is by using a 555 timer in an unconventional configuration. This method will also add
hysteresis to the circuit and guard against oscillation. The 555 supplies two comparators and a flip-flop
eliminates the oscillation. Using this classic timer in the new configuration also reduces the component
count.

The circuit shows the 555’s trigger and threshold pins tied together. This enables the comparators to
set and reset the flip-flop. Op amp U2 supplies both the trip-point setting and a way to adjust the hystere-
sis for ON and OFF points. One application where this circuit would be useful is in a Nicad battery-charge
controller.

AM ENVELOPE DETECTOR

FROM LAST
tF
AMPLIFIER

This general-purpose detector for AM enve-
lope detection can be used in many receiver appli-
cations. T1 matches the IF amplifier impedance
(typically 1 to 10 k) to the 1 k{) (approximately)
detector impedance. D1 can be an IN60, IN82AG,
IN270, or a similar type.

ouTPUT

POPULAR ELECTRONICS Fig. 24-13
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These product detectors use IC devices. SSB
and CW signals can be detected with them. The cir-
cuits should be useful up to 20 or 30 MHz. T3 in (c)
is a 1:1:1 toroidal type, depending on the BFO fre-
quency.
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Fig. 24-15

An analog signal requires about 100 ns to prop-
agate through the HA-5320. For time-varying sig-
nals, this assures a voltage difference between
imput and output. Also, the voltage changes polarity
when the signal slope changes polarity (passes a
peak). This behavior makes the circuit a possible
sample/hold peak detector, by adding a comparator
to detect the polarity changes.

The exclusive NOR gate allows a reset function which forces the HA-5320 to the sample mode. The
connections shown detect positive peaks; the comparator inputs can be reversed to detect negative peaks.
Also, the offset must be introduced to provide enough step in voltage to trip the comparator after passing a
peak. This circuit works well from below 100 Hz up to the frequency at which slew-rate limiting occurs. It
captures the amplitude of voltage pulses, provided that the pulse duration is sufficient to slew to the top of

the pulse,
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AIR-PRESSURE CHANGE DETECTOR
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POPULAR ELECTRONICS Fig. 24-16

A piezoelectric detector (BZ1) is used in this circuit to detect a change in air pressure. BZ1 produces
a voltage that is amplified by U1A and U1B. Frequency response is limited to low frequencies. The signal
is rectified by D1 and D2 and drives Q1, which activates BZ2, a piezoelectric buzzer.

DUTY-CYCLE DETECTOR
- +5 1BV ouT
5 |14
+V
TLK , Q=
e  a ulb
12 1 172
4913 4013
s R § GND R
[ 4 8 7 |10

POPULAR ELECTRONICS Fig. 24-17

This circuit looks at the time an incoming pulse is high. If the incoming pulse is shorter than the
adjusted (VAR1) pulse, the output of U1B is high. Values are shown for a 1-to 2-us pulse.
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OP AMP PEAK DETECTOR
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RADIO-ELECTRONICS Fig. 24-18

The output of this circuit will be a voltage that is equal to the peak of the input. D1 and C1 detect the
peak voltage and this is read by the IC2 voltage follower.
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Direction Finders

The sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Digital Compass
Radio Direction Finder
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DIGITAL COMPASS
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A four output Hall sensor combined with a few logic gates produce this digital compass. The NOR
gates resolve the four Hall outputs into eight distinct compass directions. LEDs to indicate direction are
driven by eight inverters. A power supply for 5.25- to 18-Vdc operation is shown in the figure.
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RADIO DIRECTION FINDER
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RADIO DIRECTION FINDER (Cont.)
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73 AMATEUR RADIO Fig. 25-2

This RDF circuit consists of a square-wave oscillator (IC1), which switches two antennas alternately
at an audio rate. A phase detector (Q1, 2, 3, 7} is used to compare receiver output amplified by IC2 with
the reference phase from IC2 with the reference phase from IC1. A 50-4A meter is used as a left-right
indicator. IC3 is a comparator used to drive indicator LEDs.
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Dividers

The sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Clock Input Frequency Divider
Programmable Frequency Divider
Divide-by-Odd-Number Counter
7490 + N Circuits
Divide-by-2-or-3 Circuit

1 +-GHz Divide-by-N Counter
Divide-by-N+1/2 Circuit
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CLOCK INPUT FREQUENCY DIVIDER

A Llh o,—t: Qyf=--= 0y G4 o, @ @) 1. THE INPUT CLOCK frequency fed
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T I_ l’ circuit consists of n clocked flip-flops and
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zero in most cases.
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2. THIS CIRCUIT CONFIGURATION
divides the input frequency by three (a).
The circuit’s timing diagram verifies the

N ] r 1T division (b).
o N T N R N,
¥
1
ELECTRONIC DESIGN Fig. 26-1

ICA, R1 through R3, and Q1 form a current source. The current that charges C1 is given by:
_ (Vp x Ry)
(R1 + Ry xRy
- 15 x 3k
@B kQ + 12 k) x 470 kO
=64 pA
The input signal drives ICD. Because ICD’s positive input (V+) is slightly offset to +0.1 V, its
steady-state output will be near +13 V. This voltage is sent to ICC through D2, setting ICC’s output to

+13 V. Therefore, point D is cut off by D1, and C1 is charged by the current source. Assuming the initial
voltage on C1 is zero, the maximum voltage (VC.) is given by:

b, > Wyt db + th o+ Lty

The right side of the inequality should be the minimum pulse width (either up time or down time) of
the input clock. The circuit, when constructed with standard 74F-type parts, operates without any added
delay in the exclusive-OR feedback path and with an input frequency of up to 22.5 MHz. The circuit’s
output signal will have the same duty cycle as the input clock.
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PROGRAMMABLE FREQUENCY DIVIDER
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ELECTRONIC 