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To Sheryl Melissa,
# budding scholar
From Popsi

Preface

Volume 1T of The Encyclopedia of Electronic Civeuits adds about 1,000 new circuits to
the ready-to-use files that were established by the publication of volumes T and IT of this
set of circuits encyclopedias.

These three volumes now offer an mvaluable storehouse of about 3,000 carefully
arranged and categorized, easy-to-access circuits. Volume 1V is scheduled for publication
in 1992,

Once again it gives me great pleasure to extend my gratitude to Willlam Sheets for
his comments and contributions, and to Mrs. Stella Dillon for her virtuoso performance
on the word processor.
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Active Antennas

'The sources of the following circuits are contained in the Sources section beginning on page 752. The
fipure number contained in the box of each circuit correlates to the sources entry in the Sources section,

Active Antenna
Active Antenna
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Reprinted with parmission from Radio-Electronics Magazine, February 1989. Copyright Gernsback Publications, Inc. 1989,

Antennas that are much shorter than 1/s+ wavelength present a very small and highly relative im-
pedance that is dependent on the received frequency. It is difficult to match impedances over a decade of
frequency coverage. Instead, input stage Q1 is an FET source-follower. A high-impedance input success-

fully bridges antenna characteristics at any frequency.

Transistor Q2 is used as an emitter-follower to provide a high-impedance load for Q1, but more impor-
tantly, it provides a low-drive impedance for common-emitter amplifier Q3, which provides all of the ampli-
fier’s voltage gain. Transistor Q4 transforms Q3’s moderate output impedance into low impedance,
thereby providing sufficient drive for a receiver’s 50-(), antenna-input impedance.

ACTIVE ANTENNA
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All capacitors in this circuit are disc ceramic.
Fixed-value resistors are 1/s- or 1/2-W carbon. R1
controls the gain of Ul. RFC1 is a miniature 2.5-
mH rf choke. T1 has 30 primary turns of #28
ename] wire on an Amidon FT50 - 43 ferrite toroid
core, and the secondary has four turns of #28 wire.
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Alarm and Security Circuits

’rhe sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Auto Alarm

One-Chip Burglar Alarm
Semiconductor Fail-Safe Alarm
Single-1C Auto Alarm

Burglar Alarm

Burglar Alarm



» AUTO ALARM
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POPULAR ELECTRONICS Fig. 2-1

In operation, the alarm circuit allows a 0 —47 second time delay, as determined by the R1/C1 combina-
tion, after the switch is armed to allow the vehicle’s motion sensor to settle down. This allows you time to
get a bag of groceries out of the trunk and not have the hassle of juggling the groceries and the key switch
at once.

During the time delay, half of LED1, which is actually a single, bi-colored, three-legged common cath-
ode device, lights green. At the same time, pins 8 and 4 of U2 (a 555 osciliator/timer) are held low by Ul (a
3905 oscillator/timer), causing the alarm to remain silent. Once the delay is over, LED1 turns red, indi-
cating that the circuit is armed.

At that point, a ground at pin 2 of U2 forces pin 3 of U2 high, closing the contacts of K1 and sounding
the siren for a time duration determined by R4 and C2. Once the time has elapsed, pin 3 is pulled low, K1
opens, and the circuit is again ready to go. The circuit can be manually reset by the simple expedient of
opening and closing the key switch. Potentiometer R3 controls the LED’s illumination intensity. Diode D1
ensures that the green segment of LED]1 is fully extinguished when Q1 is turned on- which turns the
LED to red. Resistors R4 and R5 must-be connected to the +V bus, not to pin 7 of U1, otherwise U2 will
mysteriously trigger itself each time the initial delay ends.




ONE-CHIP BURGLAR ALARM
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The single-chip, burglar-alarm circuit shown uses a dual 556 timer, draws 10 mA of standby current,
and generates a pulsing alarm signal that conserves battery energy. Once activated, the alarm will remain
on, independent of the subsequent state of any of the sensors. The sensors support both deferred and
immediate-action modes. You can attach this circuit to your car’s interna! lighting circuitry using a single
wire and a relay. To arm this circuit, you open your car door and close switch SA. The switch discharges
capacitor C4 and holds the timer (one half of the 556 IC) in a reset state to prevent false triggering while
you’re arming the circuit. When you close your car door, the circuit enters a standby mode. If the door is
then reopened, the sensors apply a negative-going pulse to trigger 1. Output 1 then increases, enabling
the alarm for 1.1R1C1 seconds. Qutput 1’s high state triggers the muitivibrator, the other half of the 556,
which begins to cycle after a delay equal to 1.1 (R2 + R3) C2 seconds. As long as the timer’s output stays
high, the multivibrator will continue to cycle, turning the horn off and on at 3.3-second intervals. During
the interval between time that the timer’s output increases and the time that the multivibrator’s output
decreases, you can disarm this circuit using switch SA. To prevent false triggering caused by switch con-
tacts, at S1, 82, and S3, that may bounce when closing the door, make the R6C3 time constant as large as
possible. In addition, capacitors C1 and C2 should be tantalum types and should exhibit leakage of less
than 1 pA at room temperature.




SEMICONDUCTOR FAIL-SAFE ALARM
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ELECTRONIC DESIGN Fig. 2-3

False alarms produced by semiconductor failure are impossible with this burglar-alarm cireuit
equipped with relays. What's more, the circuit is virtually immune to false triggering. With a standby cur-
rent of less than 0.1 mA, the circuit offers all the features an alarm needs: entry and exit delays, a timed
alarm period, and automatic reset after an intrusion.

One CMOS CD4093B quad NAND gate, IC1, supplies both logic and analog timing functions with the
aid of Schmitt-trigger switching action. Relays make the circuit fail-safe in the alarm-active mode, even
when the semiconductors fail. The relays are 12-V, with coil resistances of 250 £ or more.

Closing switch S1 initiates circuit operation, Capacitor C2 begins charging through resistor R2 and
arming indicator LED1 lights. When pin 2 of IC1a reaches its switching point, its output decreases, extin-
guishing LED1 and indicating that the exit delay has ended. That output also drives the base of Q1 low, so
that if the emitter circuit completes to the Vpp line, Q1 conducts. The circuit is now armed, and current
drain drops to less than 0.1 mA.

When the vehicle is entered, relay RY1 contacts close momentarily, completing the emitter circuit of
Q1 and causing the RY2 contacts to close. Charging C4 through R7 determines the entry-delay petiod. If
the system isn’t turned off by opening 81 during this period, the oscillator circuit of IC1c and IC1d acti-
vates, and a rapid on/off horn-honking cycie kicks on with the aid of Q2 and RY3.

The alarm cycle ends after about a minute, when C2 charges through R3 to the threshold voltage of
IC1a at pin 1. This voltage resets the timing circuit, readying it for another entry/alarm cycle.

RY1 is connected for vehicles that use door switches connected to +12 V. For vehicles that use
grounding door switches, the bottom of the RY1 coil should connect to +12 V nstead of ground. In the
latter case, the polarity of C7 should be reversed.

For home use, the R3C3 time constant should be increased to give a longer alarm.




k SINGLE-IC AUTO ALARM

COURTESY -
SWITCH EXIT ‘ ENTRY I

ARMING ARMED | pisarmeD
SWITCH ——J

TRIGGER —vv—-—-—-—————k - Y .--.._...—k
ouT 1 —_— —_—— [eseCL ——— 1
outz —_——— _ f 165 SEC — 1
RELAY o e l | L
colL
(=)
ARM
BATTEARY T Ve Vec 0——
DISARM
0.1 uF Vee - Vee Ver
TO HORN RELAY
GND 185k 4 COIL., SIREN, ETC 10 14 301k
— » RES1 RES2 vcc >
- 24 YRS 1N914B TRS2|12
Ioisy 5 ¢ SkouUT2 13
33 F == usee | 14556 - E g
v 1T e 1Ng148 TRG2|8
BATTERY CC Ve cvi CV2 COM
3 " 7
¢
@ A 49 .9k I 0.1 4F 0.4 uF I
1 - = T = =
COURTESY §-—~ - ==~ : $ '
b 1N4003 0.1 4F
fs
L pooe-o—i—
k4 'l i 1 1N4003
HOOD K
®) s h_ TRUN
EON Fig. 24

See (a) for the timing information for the alarm circuit in (b). When leaving your vehicle, flip the arm-
ing switch and close the door 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 determined by the second timer.
The value of R should be less than 1 K£2. 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 ground,
use a single transistor as an inverter at the input.




' BURGLAR ALARM
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POPULAR ELECTRONICS Fig. 2-5

The heart of the circuit is a 555 oscillator/timer, U1, configured for monostable operation. The output
of U1 at pin 3 is tied to the gate of SCR1. As long as S1 - S5, which are connected to the trigger input of
U1, are open, the circuit remains in the ready state, and does not trigger SCR1 into conduction. Because
the relay is not energized, battery current is routed through the relay’s normally-closed terminal and
through current-limiting resistor R3 to LED2, causing it to light.

However, when one of the switches (S1 - S5) is closed, grounding Ul pin 2, the output of U1 at pin 3
increases, aetivating SCR1. That energizes the relay, pulling the wiper of K1 to the normally-open termi-
nal, causing LED1 to light and BZ1 to sound.

The duration of the output is determined by the RC time-constant circuit, formed by R1 and C1.
Resistor R2 regulates the output of U1 to a safe value for the gate of SCR1. Switches S1 - 55 are to doors,
windows, etc. A switch can be connected in series with Bl to activate and deactivate the alarm circuit
when it’s not needed.
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BURGLAR ALARM
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This circuit cannot be shut off for 10 to 60 seconds—even if the trip condition is immediately removed.
Tt draws no standby power from the battery and is self-resetting.
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Amplifiers

rEle sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

10

Input/Output Buffer Amplifier for
Analog Multiplexers

Absolute-Value Norton Amplifier

Intrinsically Safe Protected Op Amp

+15-V Chopper Amplifier

Composite Amplifier

Cascaded Amplifier

Inverting Amplifier

Noninverting Amplifier

Differential Amplifier

Active Clamp-Limiting Amplifier

Wide-Band AGC Amplifier

Polarity-Reversing Low-Power Amplifier
Summing Ampliher
Ac-Coupled Dynamic Amplifier
Forward-Current Booster
Dec-Stabilized Fast Amplifier
Write Amplifier
Low-Noise Photodiode Amplifier
Voltage-Follower Amplifier for
Signal-Supply Operation
Current-Shunt Amplifier
Constant-Bandwidth Amplifier



: INPUT/QUTPUT BUFFER AMPLIFIER FOR ANALOG MULTIPLEXERS

Ry

R,

A
O ANt
h Ay = -Ry/R,

VYRAKSDUCER
INPUTS

L1

Fig. 3-1

ADDRESS INPUTS
MINIMUM
AMPLIFIER STABLE GAIN SLEW RATE
Hi-5147 10 35
Hi-5137 5 20
HARRIS Hi-5127 1 10

The precision input characteristics of the HA-5147 help simplify system error budgets, while its speed
and drive capabilities provide fast charging of the multiplexer’s output capacitance. This speed eliminates
an increased multiplexer acquisition time, which can be induced by more limited amplifiers. The HA-5147
accurately transfers information to the next stage while effectively reducing any loading effects on the mul-
tiplexer’s output.

ABSOLUTE VALUE NORTON AMPLIFIER

Ry 100k R, 100k

The noninverting amplifier has a gain of R2/R3

(1 in this case) and produces a voltage of V,,; during

Vour g positive excursion of ¥y with respect to ground.
The inverting amplifier accommodates the negative
excursions of V,; its gain is given by ~R6/R7,

B which equals -1 to maintain symmetry with the
noninverting amplifier. R9 provides adjustment for

the symmetry, supply variations, and offsets . Even

e Lo though the circuit operates on a single supply, ¥

N can go negative to the same extent that it goes
Ry 50K i v v positive.

EDN ~ Fig. 3-2

R; 100k

11



INTRINSICALLY SAFE PROTECTED OP AMP

au

Rbad

ELECTRONIC ENGINEERING Fig. 3-3
O— — > oV
In intrinsically safe applications, it is sometimes necessary to separate sections of circuitry by resis-
tors which limit current under fault conditions. The circuit shown provides an accurate analogue output
with effectively zero output impedance, despite having resistors in series with the output. The output volt-
age is given by:

~
=

R,
1

I/;Jul =

which is independent of R, and Rg. The values of R, and Ry should be chosen to achieve the desired
current limiting, but note that a proportion of the voltage given at the op-amp output will be dropped across
these resistors. This limits the output swing at the load to approximately:

VS Rload
RA + RB + Rl(md

where: Vs = voltage swmg at the op-amp output. Any type of op amp would be suitable.

+ 15-V CHOPPER AMPLIFIER

This simple circuit is a gain-of-1000 inverting
amplifier. It will amplify submillivolt signals up to
R signal levels suitable for further processing. In
INPUT >—1~;Z‘V~ almost all system applications, it is best to use as
OUTPUT much gain as possible in the MAX420, thus mini-
mizing the effects of later-stage offsets. For exam-
ple, if circuitry following the MAX420 has an offset
of 5 mV, the additional offset referred back to the
MAXA420 input {gain = 1000} will be 5 xV, doubling

MAXIM 0.14F O.14F Fig. 3-4 the system’s offset error.

12



COMPOSITE AMPLIFIER
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A composite configuration greatly reduces dc errors without compromising the high-speed, wideband
characteristics of HA-2539. The HA-2540 could also be used, but with slightly lower speeds and band-
width response.

The HA-2539 amplifies signals above 40 kHz which are fed forward via C2; R2 and R5 set the voltage
gain at —10. The slew rate of this circuit was measured at 350 V/us. Settling time to a 0.1% level for a
10-V output step is under 150 ns and the gain bandwidth product is 300 MHz.

The HA-5170 amplifies signals below 40 kHz, as set by C1 and R1, and controls the dc input charac-
teristics such as offset voltage, drift, and bias currents of the composite amplifier. Therefore, it has an
offset voltage of 100 uV, drift of 2 xV/°C, and bias currents in the 20-pA range. The offset voltage can be
externally nulled by connecting a 20-KQ pot to pins 1 and 5, with the wiper tied to the negative supply.
The dc gains of the HA-5170 and HA-2539 are cascaded; this means that the dc gain of the composite
amplifier is well over 160 dB.

The excellent ac and dc performance of this composite amplifier is complemented by its low noise
performance, 0.5-4V rms from 0.1 Hz to 100 Hz. It is very useful in high-speed data acquisition systems.

‘CASCADED AMPLIFIER

Ay
SET: Ay 308
A2
Ay 333

6002

2K = Ci
J 3pF 1o SpF

674

HARRIS Fig. 3-6

"Cascaded amplifier sections are used to extend bandwidth and increase gain. Using two HA-2539
devices, this circuit is capable of 60-dB gain at 20 MHz.

13



INVERTING AMPLIFIER

VouTt
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NONINVERTING AMPLIFIER
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Fig. 3-8
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HANDS-ON ELECTRONICS

DIFFERENTIAL AMPLIFIER

R1
Vi O——A"AA-
10K Vour
R3
Ve
10K

R,

i}—

ALL RESISTANCE VALUES ARE IN OHMS
R4 A1 + R2 A2
Vour = V{m}(*ﬁr} - V‘{m]

- - Rz R4
IF Ra = Rz, R3 = A1AND o£ = 22

THEN Vour = (V, = v‘)( %J

FOR VALUES ABOVE Vour = (V, — V)

IFAISTOBEMADE1ANDIFRt = R3=R4 =R
WITH R2 = 0.999R (0.1% MISMATCH IN R2)

THEN Ve — 0.0005 V,,, OR CMRR = 66 dB
THUS, THE GMRR OF THIS CIRCUIT IS LIMITED BY
THE MATCHING OR MISMATCHING OF THIS NETWORK

RATHER THAN THE AMPLIFER
GE/RCA Fig. 3-9

This differential amplifier uses a CA3193
BiMOS op amp. This classical, differential input-to-
signal-ended output converter when used with low-
resistance signal source will maintain level of

CMRR, lle = R3 + R4.

14



; —(VCLAMP -06) = -24V

ACTIVE CLAMP-LIMITING AMPLIFIER

Nl

+(V CLAMP - 0.6
—0

The moedified inverting amplifier uses an active
clamp to limit the output swing with precision.
Allowance must be made for the Vg of the transis-
tors. The swing is limited by the base-emitter
breakdown of the transistors. A simple circuit uses
two back-to-back zener diodes across the feedback

O—AAA— resistor, but tends to give less precise limiting and
O Vs cannot be easily controlled.
SIGNETICS  — Fig. 3-10
WIDE-BAND AGC AMPLIFIER
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SIGNETICS Fig. 3-11

The NE592 is connected in conjunction with a MC1496 balanced modulator to form an excellent auto-
matic gain control system. The signal is fed to the signal input of the MC1496 and rc-coupled to the
NE592. Unbalancing the carrier input of the MC1496 causes the signal to pass through unattenuated. Rec-
tifying and filtering one of the NE592 outputs produces a dc signal which is proportional to the ac signal
amplitude. After filtering, this control signal is applied to the MC1496, causing its gain to change.

15



" POLARITY-REVERSING LOW-POWER AMPLIFIER

+15VY 15V
V1 V2
14 8
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2 \I 4 | 20K
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p
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+5V 10 ! 11
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SILICONIX = Fig. 3-12
SUMMING AMPLIFIER
R3 R.
Vi N
10K 20K
R2
Ve + 15V
10K
R1 5
Vs
10K CA3193
SERIES
3
R4
28K - 15V R
R R R
Vour = — R—:V, + R—EVQ + h-g-va
Vour = = (2V, + 2V, + 2V,) )
GE/RCA ALL RESISTANCE VALUES ARE IN OHMs 13- 313

This circuit uses a CA3193 BiMOS op amp. Because input noise of the amplifier is increased by R/
R1//R2//R3, and the gain that a single input will amplify is the gain of only one of the input channels (Rs/
R1), for good noise performance, use the smallest number of inputs.
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AC-COUPLED DYNAMIC AMPLIFIER

C
Ry

This circuit acts as a bandpass filter with gain
and would be most useful for biomedical instrumen-

tation. Low-frequency cutoff is set at 10 Hz while
the high-frequency breakpoint is given by the open-

C1  2Ko loop rolloff characteristic of the HA-5141/42/44. In
8| F R this case, the Ay, = 60 dB where the rolloff
# 64 Flg.3-14  occurs at approximately 300 Hz. This corner fre-
AuF Tc2 quency may be trimmed by inserting a capacitor in
(OPTIONAL FOR TRIMMING ;
HARRIS = UPPER CUTOFF FREQUENCY) parallel with Ry.
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3 23866
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P/ — 0007 | p—OouTeul
- ) > ': R
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8 3k [: a7
2N5160 =
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001 2N5160
1 a? h
- =1Na1e8 I by, 7N3866
15pF
g« R
g 8 2F
b4 SOLIO
TANJTALUM
LINEAR TECHNOLOGY CORP. |

The LT1012 corrects dc errors in the booster stage, and does not set high-frequency signals. Fast

- 18V

Fig. 3-15

signals are fed directly to the stage via Q5 and the 0.01-xF ceupling capacitors. Dc and low-frequency
signals drive the stage via the op-amp’s output. The output stage consists of current sources, Q1 and Q2,
driving the Q3 - Q5 and Q4 — Q7 complementary emitter follows. The diode network at the output steers
drive away from the transistor bases when output current exceeds 250 mA, providing fast short-circuit
protection. The circuit’s high frequency summing node is the junction of the 1-K and 10-K resistors at the
LT1012. The 10 K/39 pF pair filters high frequencies, permitting accurate dc summation at the LT1012’s
positive input. This current-boosted amplifier has a slew rate in excess of 1000 V/us, a full power band-
width of 7.5 MHz and a 3-dB point of 14 MHz,
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DC-STABILIZED FAST AMPLIFIER
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This amplifier functions over a wide range of
gains, typically 1~10. It combines the LT1010 and
a fast discrete stage with an LT1008 based dc stabi-
lizing loop. Q1 and Q2 form a differential stage
which single-ends into the LT1010. The circuit
delivers 1 V pk-pk into a typical 75-{} video load. At
A = 2, the gain is within 0.5 dB to 10 MHz with
the —3-dB point occurring at 16 MHz. At 4 = 10,
the gain is flat (+0.5 dB to 4 MHz) with a —3-dB
point.at 8 MHz. The peaking adjustment should be
optimized under loaded output conditions. This is a
simple stage for fast applications where relatively
low output swing is required. Its 1 V pk-pk output
works nicely for video circuits. A possible problem
is the relatively high bias current, typically 10 pA.
Additional swing is possible, but more circuitry is
needed.

Fig. 3-16

‘WRITE AMPLIFIER

Hh-254}
+

204K

10K

A

i}

KI-200 .
Femm—
o= - i
i ()—+—
! |
Lmsdmmam |
HARRIS

The proliferation of industrial and computer-
ized equipment containing programmable memory
has increased the need for reliable recording media.
The magnetic tape medium is presently one of the
most widely used methods. The primary compo-
nent of any magnetic recording mechanism is the
write mechanism. The concept of the write genera-
tor is very basic. The digital input causes both a
change in the output amplitude, as well as a change
in frequency. This type of operation is accom-
plished by altering the value of a resistor in the
standard twin-tee oscillator. A HI-201 analog switch
was used to facilitate the switching action. The
effect of the external components on the feedback
network requires R6A and R6B to be much smaller
than would normally have been expected when
using the twin-tee feedback scheme.
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EDN

LOW-NOISE PHOTODIODE AMPLIFIER
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Fig. 3-18

Adding two passive components to a standard photodiode amplifier reduces noise. Without the modifi-
cation, the shunt capacitance of the photodiode reacting with the relatively large feedback resistor of the
transimpedance (current-to-voltage) amplifier, creates excessive noise gain.

The improved circuit, Fig. 3-18b, adds a second pole, formed by R3 and C2. The modifications reduce
noise by a factor of 3, Because the pole is within the feedback loop, the amplifier maintains its low output
impedance. If you place the pole outside the feedback loop, you have to add an additional buffer, which
would increase noise and dc error.

The signal bandwidth of both circuits is 16 kHz. In the standard circuit (Fig. 3-18a), the 1-pF stray
capacitance in the feedback loop forms a single 16-kHz pole. The improved circuit has the same bandwidth

as the first, but exhibits a 2-pole response.
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VOLTAGE-FOLLOWER AMPLIFIER FOR SIGNAL-SUPPLY OPERATION

ouTPuT

2 ~CO4007AD PALKAGES
t - CA3046 PACKAGE

_ OL ~GAIN 78 4§
R -2 “{os_—aw 50 WK1

[{ ]
OFFSET NULL AL L RESISTANCES IN OHMS
METAL-~OXIOE €iLM

INTERSIL Fig. 3-18

This unity-gain follower amplifier has a CMOS p-channel input, an npn second-gain stage, and a
CMOS inverter output. The IC building blocks are two CA3600E’s (CMOS transistor pairs) and a CA3046
npn transistor array. A zener-regulated leg provides hias for a 400-uA p-channel source, feeding the input
stage, which is terminated in an npn current mirror. The amplifier voltage-offset is nulled with the 10-KQ
balance potentiometer. The second-stage current level is established by the 20-K{} load, and is selected to
approximately thefirst-stage current level, to assure similar positive and negative slew-rates. The CMOS
inverter portion forms the final output stage and is terminated in a 2-K{2 ioad, a typical value used with
monolithic op amps. Voltage gain is affected by the choice of load resistance value. The output stage of this
amplifier is easily driven to within 1 mV of the negative supply voltage.
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CURRENT-SHUNT AMPLIFIER

£ +15V

1——‘ OUTPUT IV/IAMP

INSTRUMENT
GROUND

Fig. 3-20

% 0010SHUNT (R1)
NOTE 1

= SUPPLY GROUND MAXM

This circuit measures the power-supply cur-
rent of a circuit without really having a current-
shunt resistor: R1 is only 3 ¢m of #20 gauge copper
wire. A length of the power distribution wiring can
be used for R1. The MAX420's CMVR includes its
own negative power supply; therefore, it can both
be powered by and measure current in the ground
line.

CONSTANT-BANDWIDTH AMPLIFIER

]
-

Vo

Gy=1+R,/2R,

The traditional restriction of constant gain-
bandwidth products for a voltage amplifier can be
overcome by employing feedback around a current
amplifier. Two current mirrors, constructed from
transistors in a CA3096AE array, effectively turn
the LF351 op amp into a current amplifier. Feed-
back is then applied by using R2 and R1, turning the
whole circuit into a feedback voltage amplifier with
a noninverting gain of G of 1 + R,/2R,.

Using the values shown, a constant bandwidth
of 3.5 MHz is obtained for all voltage gains up to
and beyond 100 at 10 V pk-pk output, equivalent to
a gain-bandwidth product of 350 MHz from an op
amp with an advertised unity gain-bandwidth of 10
MHz. An inverting gain configuration is also possi-
ble (see Fig. 2) where G = R,/2R,. Slewing rates
are significantly improved by this approach; even a
741 can manage 100 V us under these conditions
since its output is a virtual earth. However, because
the new configurations use current feedback to
achieve bandwidth independence, an output buffer
should be added for circuits where a significant out-
put current is required.

Fig. 3-21

ELECTRONIC ENGINEERING
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4

Analog-to-Digital Converters

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Switched-Capacitor ADC
Tracking ADC

ADC

Half-Flash ADC

22



SWITCHED-CAPACITOR ADC

128 2R 64

+VR
[ ]

-VR -VR

VIN®
SILICONIX F’g 4-1

The CMOS comparator in the successive-approximation system determines each bit by examining the
charge on a series of binary-weighted capacitors. In the first phase of the conversion process, the analog
input is sampled by closing switch SC and all ST switches, and by simultaneously charging all the capaci-
tors to the input voltage.

In the next phase of the conversion process, all ST and SC switches are opened and the comparator
begins identifying bits by identifying the charge on each capacitor relative to the reference voltage. In the
switching sequence, all 8 capacitors are examined separately until all 8 bits are identified, and then the
charge-convert sequence is repeated. In the first step of the conversion phase, the comparator looks at the
first capacitor (binary weight = 128). One pole of the capacitor is switched to the reference voltage, and
the equivalent poles of all the other capacitors on the ladder are switched to ground. If the voltage at the
summing node is greater than the trip point of the comparator—approximately 1/z the reference voltage, a
bit is placed in the output register, and the 128-weight capacitor is switched to ground. If the voltage at the
summing node is less than the trip point of the comparator, this 128-weight capacitor remains connected to
the reference input through the remainder of the capacitor-sampling (bit-counting) process. The process
is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, until all bits are
tested. With each step of the capacitor-sampling process, the initial charge is redistributed among the
capacitors. The conversion process is successive-approximation, but relies on charge shifting rather than a
successive-approximation register—and reference d/a—to count and weigh the bits from MSB to LSB.
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TRACKING ADC

ANALOG Viy P SPAN R
DAC {
H1-5824A
ipAC OUT
CLOCK
> >
COUNTER
+1/2 188 {74191
L DN/UP DIGITAL
OUTPUT
4 ENABLE

DATA
] READY

™ Q
HA-
4850
a
- 60ns (TYP)
~1/2 .58
CLOCK
HARRIS Fig. 4-2

The analog input is fed into the span resistor of a DAC. The analog input voltage range is selectable in
the same way as the output voltage range of the DAC. The net current flow through the ladder termination
resistance; i.e., 2 K} for HI-562A; produces an ervor voltage at the DAC output. This error voltage is
compared with /2 LSB by a comparator. When the error voltage is within +1/2 LSB range, the Q output of
the comparators are both iow, which stops the counter and gives a data ready signal to indicate that the
digital output is correct. If the error exceeds the +1/2 LSB range, the counter is enabled and driven in an
up or down direction depending on the polarity of the error voltage.

The digital output changes state only when there is a significant change in the analog input. When
monitoring a slowly varying input, it is necessary to read the digital output only after a change has taken
place. The data ready signal could be used to trigger a flip-flop to indicate the condition and reset it after
readout. The main disadvantage of the tracking ADC is the time required to initially acquire a signal; for a
12-bit ADC, it could be up to 4096 clock periods. The input signal usually must be filtered so that its rate
of change does not exceed the tracking range of the ADC—1 LSB per clock period.
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Conversion speed of this design is the sum of the delay through the comparator and the decoding
gates. Reference voltages for each bit are developed from a precision resistor ladder network. Values of R
and 2R are chosen so that the threshold is 1/2 of the least significant bit. This assures maximum accuracy
of £1/2 bit. The individual strobe line and duality features of the NE521 greatly reduced the cost and com-

plexity of the design.
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HALF-FLASH ADC

™\ OFL _
/ — OFL
Vin > 1 4 BIT -] msb
»| FLASH -
ADC . »
T 3-STATE
_, ORIVERS 8 BIT
4 BIT ‘
DAC OUTPUT
ABIT [
FLASH —:
16 | ADC |——————p1isb
MAX150
MAX154
REFERENCE TIMING AND CONTROL MAX158
CIRCUITRY
T T 1 T
CS RD RDY INT
MAXIM Fig. 44

An a/d conversion technique which combines some of the speed advantages of flash conversion with
the circuitry savings of successive approximation is termed half-flash. In an 8-bit, half-flash converter, two
4-bit flash a/d sections are combined. The upper flash a/d compares the input signal to the reference and
generates the upper 4 data bits. This data goes to an internal DAC, whose output is subtracted from the
analog input. Then, the difference can be measured by the second flash a/d, which provides the lower 4

data bits.
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Annunciator

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Transformerless Tone Annunciator

27



¢ TRANSFORMERLESS TONE ANNUNCIATOR

R1 V+
A
YW (+5Vao
30K
ON
OFF R2 B
0 01C|1= » M 1aLM3900 Q1
T
8 OHM
- /_‘/ _ SPEAKER
Ve R3 R4 l |
CONTROL 5 AAA A 5
INPUT 10M 10M fo=2kHz
EDN Fig. 5-1

This circuit does not require an output transformer or an output coupling capacitor; the annunciator
can easily be turned on or off by a control input voltage driving a 10-M{} input resistor, R3. For a smaller
acoustic output, replace output transistor, Q1, with a 100-Q resistor, while also raising the voice coil im-
pedance to 100 £}, to prevent loading of the IC.
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Attenuators

’The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Digitally Programmable Attenuator

Programmable Attenuator
Voltage-Controlled Attenuator

29



* DIGITALLY PROGRAMMABLE ATTENUATOR

“USED FOR ADEQUATE
INPUT BIAS OR
INPUT MATCHING
Al AG ATTENUATION l—/j: l FHA- 5104
A2 . ~HA- 5104
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6 0 0 7dB Vi -+ HA-5104
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T 1 0 1dB X A\ \ A
111 0de : I é J. %_‘ H
] 1
' — 1
A IR, [ ......... .,
. 4 HI-201 SWITCH
HARRIS AO AT A2 Fig. 6-1

The first stage is a simple buffer used to isolate the signal source from the attenuator stages to follow.
Each of the subsequent stages is preceded by a voltage divider formed by two resistors and CMOS switch.
Provided that the CMOS switch for each stage is closed, the drive signal will be attenuated according to
the basic voltage divider relationship at each stage. In the event a switch is open, nearly all of the signal
strength will be passed to the next stage through the 1-K{ resistor. The amplifiers act as buffers for
divider networks and reduce the interaction between stages. Eight levels of attenuation are possible with
the circuit as illustrated, but more stages could be added. Each divider network must be closely matched
to the resistor ratios shown or the level of attenuation will not match the levels in the logic chart.

PROGRAMMABLE ATTENUATOR

INPUT
2 - 6000
0 :|
4 - :
00§ L 3 OECODE/
- CONTROL | O, DIGITAL
—-{r - ] CONTROL
| y 3 ENABLE J
150 w—{ =
) -
o> i
" 1 LOMP } L 15pF
] o
‘ [ I\J\ . :} = G +15v
u
s oUTPU7l/ ouTruT
= HA-2400 ame V- e
1SV
HARRIS Fig. >

This circuit performs the function of dividing the input signal by a selected constant (1, 2, 4, 8, etc.).
While T, Z, or L sections could be used in the input attenuator, this is not necessary since the amplifier
loading is negligible and a constant input impedance is maintained. The circuit is thus much simpler and
more accurate than the usual method of constructing a constant impedance ladder, and switching sections
in and out with analog switches. Two identical circuits can be used to attenuate a balanced line.
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This typical circuit uses an external op amp for better performance and an exponential converter to
get a control characteristic of —6 dB/V. Trim networks are shown to null out distortion and dc shift, and to
fine trim the gain to 0 dB with 0 V of contro! voltage.
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Audio Amplifiers

’[Le sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

32

AGC with Squelch Control
Gain-Controlled Stereo Amplifier
Microphone Amplifier

Audio Circuit Bridge Load Drive
20-dB Audio Booster

Micro-Size Amplifier

Audio Amplifier

Line-Operated Amplifier

Magnetic Phono Preamplifier

RIAA Preamplifier

Professional Audio NAB Tape
Playback Preamplifier

Mini-Stereo

Speaker Amplifier for Hand-Held
Transceivers

TV Audio Amplifier



f AGC WITH SQUELCH CONTROL

1/a HA-5144

OUTPUT
INPUT O~
SQUELCH CONTROL
50 OF GAIN
GAIN
24 t-- —
V,y AMPLITUDE
Y
20KQ
174 HA-5144 RO
R10
»-Z 50KQ
0.1uF
HARRIS Fig. 7-1

Automatic gain control is a very useful feature in a number of audio amplifier circuits: tape recorders,
telephone speaker phones, communication systems and PA systems. This circuit consists of a HA-5144
quad op amp and a FET transistor used as a voltage-controlled resistor to implement an AGC circuit with
squelch control. The squelch function helps eliminate noise in communications systems when no signal is
present and allows remote hands-free operation of tape recorder systems. Amplifier Al is placed in an
inverting-gain T configuration in order to provide a fairly wide gain range and a small signal level across the
FET. The small signal level and the addition of resistors R5 and R6 help reduce nonlinearities and distor-
tion. Amplifier A2 acts as a negative peak detector to keep track of signal amplitude. Amplifier A3 can be
used to amplify this peak signal if the cutoff voltage of the FET is higher than desired, Amplifier A4 acts as
a comparator in the squelch control section of the circuit. When the signal level falls below the voltage set
by R10, the gate of the FET is pulled low—turning it off completely—and reducing the gain to 2.4. The
output A4 can also be used as a control signal in applications, such as a hands-free tape recorder system.
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GAIN-CONTROLLED STEREO AMPLIFIER

+Vee
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SIGNETICS

Fig. 7-2
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This circuit features the ZTX450/ZTX550 transistors in a push-pull output stage. The following read-

ings were taken at maximum volume:

Input: 0.4 mV rms
Output: 1.8 V rms
Voltage gain: 4500

Max. output before distortion: 2.25 V rms — supply current = 3.5 mA
Zero output-supply current: 3.5 mA

Wattage: 0.034 W

Frequency response: 250 Hz to 28 kHz
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+ AUDIO CIRCUIT BRIDGE LOAD DRIVE

This circuit shows a method which increases
the power capability of a drive system for audio
speakers. Two HA-2542s are used to operate on

SPERER 80 half cycles only, which greatly increases their power
handling capability. Bridging the speaker, as shown,
makes 200 mA of output current available to drive
the load. The HA-5102 is used as an ac-coupled,
low noise preamplifier, which drives the bridge cir-
cuit,

=  HARRIS Fig. 7-4

20-dB AUDIO BOOSTER

+9VD

Ak

\'

HANDS-ON ELECTRONICS - = Fig. 7-5

The amplifier’s gain is nominally 20 dB. Its frequency response is determined primarily by the value of
just a few components—primarily C1 and R1. The values in the schematic diagram provide a response of
+ 3.0 dB from about 120 to over 20,000 Hz. Actually, the frequency response is flat from about 170 to well
" over 20,000 Hz; it’s the low end that deviates from a flat frequency response. The low end’s rolloff is
primarily a function of capacitor C1, since R1’s resistive value is fixed. If C1’s value is changed to 0.1 uF,
the low end’s corner frequency—the frequency at which the low end rolloff starts—is reduced to about 70
Hz. If you need an even deeper low end rolloff, change C1 to a 1.0-uF capacitor. If it's an electrolytic type,
make certain that it’s installed into the circuit with the correct polarity — with the positive terminal con-
nected to Q1's base terminal.
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MICRO-SIZED AMPLIFIER
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Reprinted with permlssion from Radio-Electronics Magazine, August 1988. Copyright Gernsback Publications, Inc., 1988. Fig. 7-6

Sound detected by electret microphone MIC1 is fed to IC1’s input through resistor R2, and capacitors
C1 and C2. Resistors R2 and R5 determine the overall stage gain, while C2 partially determines the ampli-
fier’s frequency response. To ensure proper operation, use a single-ended power supply. R3 and R4 simu-
late a null condition equal to half the power supply’s voltage at IC1’s noninverting input. The output of IC1
is transferred to emitter-follower amplifier Q1 via volume control R6. The high-Z-in/low-Z-out characteris-
tic of the emitter-follower matches the moderately high-impedance output of IC1 to a low-impedance
headphone load.

AUDIO AMPLIFIER
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3 Ti0oxF$ 1.8K | C5
564 TrsnF
o / | b o
L
SIGNETICS +Vp Fig. 7-7

C9 is necessary to filter-out rf input interferences. R3 in combination with C5 is used to limit the af
frequency bandwidth. The 470-uF power supply decoupling capacitor is C10.
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LINE-OPERATED AMPLIFIER
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T1 isolates the unit from the line, and has a 24-V, center-tapped secondary. The output of the trans-
former is rectified by diodes D1 and D2 and filtered by capacitor C3 to provide 15 to 18 Vdc. The LM383
has built-in protection against speaker shorts.

MAGNETIC PHONO PREAMPLIFIER
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RIAA PREAMPLIFIER
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Fig. 7-10

The circuit essentially provides low-frequency
boost below 318 Hz and high-frequency attenuation
above 3150 Hz. Recent modifications to the
response standard include a 31.5-Hz peak gain
region to reduce dc-oriented distortion from exter-
nal vibration.

PROFESSIONAL AUDIO
NAB TAPE PLAYBACK PREAMPLIFIER

ut = BC ALOCKING CAFACIYOR, OPTIONAL,

___.{ \ TO BLOCK-OUTPUT DFFSET VOLTAGE
W Y|
w H O
TAPE HEAD > 601t
13 Ry ny
320x 53K
l -
1M§
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The preamplifier is configured to provide low-
frequency boost to 50 Hz, flat response to 3 kHz,
and high-frequency attenuation above 3 kHz. Com-
pensation for variations in tape and tape head per-
formance can be achieved by trimming R1 and R2.

MINI-STEREO
—-—-——'l—--- l—-¢>——|l--~- —
B1 I B2 I . gg(m
av v v LI( = l
200
5 = . )
22K L ANy cs
AAA c7 RIt ]
hAAZE Y 0 100K R12
'( i 8 AN 47K R13
3 | 47K
2 (3 |4 f 112 3]asl6l7
A
1458 500K s
BUAL QP-AMP RE DUAL U-W AMPLIFIER
7 615 22K 14]13 g 8 €5 s
£2 fa . 6
] 1MEG L
AAA R7 <
Rz oy EODKQ Rg
oK {( c3 My 4.7
1 R14 R8
108K 47k
AVA'A' I.

HANDS-ON ELECTRONICS

+
4 K SPKR2

200 gQ Fig. 7-12

This circuit is built around two chips: the MC1458 dual op amp, configured as a preamplifier, and the

LM378 dual 4-watt amplifier. The gain of the preamp

is given by R3/R1 for one side and R4/R2 for the

other side, which is about 100. That gain can be varied by increasing the ratios. The left and right channel
inputs are applied to pins 2 and 6. The left and right outputs of U1 at pins 7 and 2 are coupled through C5/
R10 and C3/R8, respectively, to U2 to drive the two 8-{) loudspeakers.
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SPEAKER AMPLIFIER FOR HAND-HELD TRANSCEIVERS
0!

H\n

EXCEPT AS INDICATED. DEGIMAL
VALUES OF CAPACITANCE ARE
IN MICROFARADS ( #F ). OTHERS
ARE IN PICOFARADS { pF |,
RESISTANCES ARE IN OHMS

QsT

J—+12V

(SEE TEXT)

R3
220

LM383

'ﬁ(

W

12345

TOP
VIEW

+ 1000uF
cS 25V
LSt
4-8.Nn
SPKR
3w
{OR MORE)
R4
2.2

¥* INSTALL AS CLOSE

AS POSSIBLE TO U1

Fig. 7-13

The LM383 is an audio-power amplifier that is capable of producing up to 8 W of audio output. R1 is

essentially a load resistor for the hand-held transceiver’s audio output. R2 can be composed of two fixed
resistors in a 10:1 divider arrangement, but using a potentiometer makes it easy to set the amplifier's
maximum gain. When powered from a vehicle’s electrical system, the amplifier’s +12V power source
requires filter L1 fo eliminate alternator whine. The LM383 can be mounted directly on the heatsink
because the mounting tab is at ground potential.

TV AUDIO AMPLIFIER

HANDS-ON ELECTRONICS/POPULAR ELECTRONICS

c7
05

R9
1002

12
EARPHONE
OUTPUT

Fig. 7-14

The amplifier picks up the TV’s audic output signal and amplifies it to drive a set of earphones for

private listening. It is built around an LM324 quad op amp and an LM386 low-power audio amplifier. The
circuit uses an inexpensive electret microphone element as the pick-up and a set of earphones as the out-
put device.
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8

Automotive Circuits

’Ele sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the hox of each circuit correlates to the sources entry in the Sources section.
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Automobile Ignition Substitute
Courtesy Light Delay Switch
Lights-On Reminder
Automobile Locater
Read-Head Preamplifier
Delayed Extra Brake Light
Digital Tach/Dwell Meter
Automobile Air Conditioner
Smart Clutch
Door Ajar Monitor

Tachometer with Set Point
Automobile Voltage Regulator
Directional Signals Monitor
Automatic Headlight Delay
Back-Up Beeper

Electronic Car Horn
Courtesy Light Extender
Flashing Third Brake Light
Headlight Alarm



AUTOMOBILE IGNITION SUBSTITUTE

+12V (CAR BATTERY)

2.50, 20W BALLAST

4 8 68K 50, 10W CENTER
> . N Y olo DISTRIBUTOR
I l ° LEAD
| el NEON LAMP
| (9 (SEE TEXT)
5, 18K 1 !
%8 | l t} - TO PLUG
6 I i ! ’ \ WIRING
| i [ T S -[—‘ '-l P —
3 5 .05 L_ _\ \ P
; 01 IGNITION COIL
: | (INTEGRAL OR
— EXTERNAL)

o -05/100V

2N6384

GERNSBACK PUBLICATIONS INC. Fig. 8-1

The ignition substitute provides a constant power source for the ignition coil. Its frequency, 0.5-1.0
kHz, is that used by an 8-cylinder engine with an idling speed of 650 RPM, and the unit provides a rapid
spark at a 17% duty cycle, while staying within the power dissipation limits of the components.

The circuit consists of a 555 timer IC configured as an astable free-running multivibrator that is used
to drive a high-current npn transistor, such as a 2N6384. The transistor should be heavily heatsinked
because it might be drawing several amps over quite a long period of time.

The coil ballast can be from 0.68 to 6.5 §, depending on what’s available. The 2.5-Q, 20-W ballast
shown works well. All the other resistors can be either 1/4- or 1/2-W devices, and the capacitor, between
pins 1 and 5 of the 555, can range from 0.01 to 0.05 gF. Do not omit the 100-V, 0.05-uF capacitor across
the transistor; it prevents voltage spikes from damaging the device.

Although designed for an 8-cylinder engine, this device can be used with other types. In addition, a
neon bulb can be added to the circuit to verify the presence of a spark.
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. COURTESY LIGHT DELAY SWITCH

i

DDOK Elﬁ]o}f EIQK

r—Ik

SuF
T

T2 |

ZTX600

\
ZTX108 2TX108 '\
E]N — >

®

X O — . ——

/ CAR DOOR

/ CONTACTS

ZeTeX, formerly FERRANT!

Fig. 8-2

This circuit holds on the internal light for approximately one minute after the car doors are closed.
When the door contacts open, a + VE pulse is applied to the base of T1. This transistor turns on, turning
off T2 and charging the 10-uF capacitor. T3 turns on, holding on the internal light. The capacitor takes one
minute to discharge when the circuit reverts to its original state.

LIGHTS-ON REMINDER

T0
LIGHTS
01
1NA001
+
B4
D2
TO 1N2DOT
IGN,
AUX
R1
1K
POPULAR ELECTRONICS Fig. 8-3

With both the ignition and the car lights on,
piezo transducer BZ1 draws no current and
remains silent. With only the ignition on, diode D1
is reverse-biased and so prevents current flow
through BZ1.

However, when the lights are on and the igni-
tion is off, the transducer becomes energized and
sounds to alert you to turn.the lights off. With the
ignition off and the lights on, D2 is reverse-biased,
preventing current from flowing to the ignition.
Resistor R1 prevents a short circuit when the igni-
tion is on.
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* AUTOMOBILE LOCATER

R4
81_,0 //f’
.
o—3 -~
' o1
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10K 8 4 c3 4’
M 3 47pF
- 1
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= TO
NTENNA T pas = | eo 4
Fig. 8-4a TO TELESCOPIC See /!
ANTENNA Text
LED 5
Fig. 8-4b

GERNSBACK PUBLICATIONS INC.

This locater is made up of two parts. The first is an rf oscillator, whose circuit is shown in Fig. 8-4a.
The second is a sensitive receiver shown in Fig. 8-4b, The heart of the oscillator is a 555 timer IC. Tank
circuit C2 and L1 is used to tune the transmitter. The antenna is coupled to the transmitter through C3. A
telescopic antenna or a length of hookup wire will work quite well. At the receiver, the incoming signal is
tuned by C5 and L2 before being passed on to the 741 IC. The five LEDs are used to indicate signal
strength, they light up in order (1 to 5) as the signal gets stronger.

After the devices are built, the receiver and transmitter will need to be tuned. Tune the transmitter
until all of the receiver’s LEDs light. Separate the receiver and the transmitter—the farther apart they are
the better—and adjust R4 until you get a maximum strength reading only when the receiver’s antenna is
pointed directly at the transmitter. Place the transmitter on the dashboard and completely extend the
antenna. To find your car, just extend the telescope antenna to its full length and hold it parallel to the
ground. Point the antenna to your far left, then swing it to your far right. Do that until you find in which
direction the strongest signal lies, as indicated by the LEDs. The antenna will be pointing at your car.




READ-HEAD PREAMPLIFIER

Ry 1.0M | | b 100F
Magnetic read head _[‘—W"— Ry 200K
r~——/ LY
l il " LM1897 bV 12 u197
I > R, 20k L
16 \ — LT T
! + ¢, L Channel 1
I Rs 1.0M  1g0pF T €y 10pF
l I Ve -
ut = Ry 20k -[ —w 1
I LM1897 A 5 nBr 20k
2 -
! h Ry 20k 6, 7 o
L 1 s i L1 py  Chamel2
L to0pF L L1887
ELECTRONIC DESIGN Fig. 8-5

Choosing dc rather than ac coupling can reduce much of the noise associated with preamplifiers for a
magnetic reading head, particularly in the low frequencies. The LM1897 eliminates the need for the capac-
itor that usually ac couples the read head to the preamplifier input. The read head itself has a small resis-
tance, typically 50 2, and so is less prone to noise pickup. Moreover, the LM1897 has a low-bias current;
merely 2 A as a worst case. Such a low-bias current flowing through the head’s low resistance generates
very little noise. Accordingly, even with a gain of 25, the first stage of the preamplifier circuit produces

little noise.
DELAYED EXTRA BRAKE LIGHT
BRAK% L\(%Eig
SWI
+12V N TO NORMAL
T o BRAKE LIGHTS
100 uF
2N3055
72W MAX
LAMPS
ZEeTEX, formerly FERRANT] /7]77 Fig. 8-6

Operating the brake pedal of the car brings on the
extra lights are turned on. A bimetal strip in series with

normal brake lights and then, after a delay, the
the lights would make them flash.
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DIGITAL TACH/DWELL METER
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Reprinited with permission from Radio-Electronics Magazine, July 1985, Copyright Gernshack Publications, Inc., 1985, ) Fig. 8-7

The heart of the circuit is IC2, a 4046 micropower phase-locked loop (PLL). The incoming signals are
fed to the PLL after being buffered by IC1a and its associated components. The frequency of the incoming
signal is multiplied by either 90, 60, or 45, depending on the setting of the cylinder select switch, S2. That
switch selects the proper output from counters 1C3 and IC4, which are set to divide the output frequency
of the PLL by those amounts, and then send the divided output back to the comparator to the PLL to keep
it locked on to the input signal. The phase pulses output at pin 4 of IC2, then go through an AND gate
1C5d—which only passes the signals if the PLL is locked on to an input signal, preventing stray readings--
and then to the input of IC6. When in the tach mode, IC6 counts the number of pulses present at pin 12,
during the timing interval generated by IC8 and the associated circuitry of IC1b. Because of the varied
multiplication rate for the different cylinder selections—90, 60, and 45 for 4, 6, and 8 cylinders, respec-
tively, the time interval is always constant at 1/3 of a second. The time interval is adjusted with R9, a 500-
K{ potentiometer; it is the only adjustment in the circuit.

In the high-tach (TACH 1 or x 100) range of 0 —9990 rpm, the output of IC2 is routed by switches Sla
and S3 through IC7, a divide-by-ten counter, which increases the count range tenfold. In the low-tach
(TACH 2 or x10) range of 0999 rpm, the counter is bypassed.
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. AUTOMOBILE AIR CONDITIONER SMART CLUTCH
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Copyright of Motorola, Inc. Used by permission. = ALLRESISTORS v.w Fig. 8-8

This circuit disables the air conditioner compressor when additional engine power is required. It does
so by monitoring the engine vacuum at the intake manifold. If the vacuum drops to 40% of its normal level,
the compressor clutch is disabled, removing the air conditioner load from the engine. After the engine
returns to normat vacuum level, there is a 6 second delay before the compressor clutch is enabled and the
air conditioner is reactivated. This allows 6 seconds of extra power, about 500 ft at 60 MPH, which
increases the safety margin when passing another vehicle. Loss of cooling is minimal because the air con-
ditioner fan is not interrupted. When the engine is accelerated, manifold vacuum drops and vacuum switch
VS opens to 40% of the normal manifold pressure. This causes Q1 to turn on, discharging C2 and turning
off Q3 via diode D2. When Q3 turns off, so does Q2. When the engine reaches its normal operating vac-
uum, VS closes and Q1 turns off, allowing C2 to charge for 6 seconds until Q3 turns on again.

DOOR AJAR MONITOR
J] MURATA
PKM 24440
&, oOFF o [ TAAHSDUCER
o s
OGN
1
& = = Toarsr
o, 0ty
é?\l
T A
330K
DOON Ry
switcH 10 ) N ® "
L | = =D
= ; suCI‘J" B 13 "
" Ry By L e
I U0k 500k E PN
N —
& -
eon L Fig. 8-9

The monitor senses an ajar door and, if the situation isn’t corrected within 20 seconds, sounds a
beeping alarm. The circuit is controlled by a magnetic reed switch and magnet on the door. With the door
closed, the switch is closed and the alarm is disarmed. Opening the door opens switch, C1 starts charging
up through R1. Approximately 20 seconds later, the voltage at pin 9 is high enough to turn on the oscillator
formed from C, D, R2, R3, and C2. That pulses the piezoelectric transducer’s 3-kHz oscillator. For lower
standby drain on the battery, change R1 to 66 M{ and C1 to 1 mF (film).
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TACHOMETER WITH SET POINT
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+ AUTOMOBILE VOLTAGE REGULATOR

TO BATTERY AND
ALTERNATOR OUTPUT
VIA FIELD RELAY AND
IGNITION SWITCH

R1 ] SIGNETICS |
TURN g5 3 NESSS 322K
OFF TIMER ———
ADJUST [/ S POWER
$ 8/ —K | parunGTON
TURN ON| 20K ¢ 6 5 ¢ MOTOROLA
ADIUST . = 5 3 vy MJE 1090
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10 COIL TERMINAL + T2.2 T = =/ Bg o
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180
T = A L 4

NOTES:
* Can be any general purpose Silicon diode or 1N4157 device.
**Can be any general purpose Silicon transistor.
SIGNETICS All resistor values are in ohms. Fig. 8-11

A monolithic 555-type timer is the heart of this simple automobile voltage regulator. When the timer is
off so that its output at pin 3 is low, the power Darlington transistor pair is off. If battery voltage becomes
too low, less than 14.4 Vin this case, the timer turns on and the Darlington pair conducts,

DIRECTIONAL SIGNALS MONITOR

- LEFT

+12V o
fROM
DIRECTIONAL
BLINKERS o RIGHT
0y 02 A unijunction transistor audio oscillator drives a
INa0a1 INa00T small speaker. The oscillator’s frequency is deter-
mined by resistor R2 and capacitor C2. The operat-
ing voltage is supplied from the car’s turn-signal
Rl @ ¢ my circuit(s) through D1 and D2. The diodes conduct
1008 $ 2 56K current from the blinker circuit that is energized,
gl n‘msn A and prevent stray current flow to the other blinker
OR E f circuit.
2N2645
Lt
T 154F
SPKR!
EYe)
HANDS-ON ELECTRONICS = Fig. 8-12
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AUTOMATIC HEADLIGHT DELAY

1-AMP
SLOW
BLOW

FROM BATTERY
+12V DC

#14 WIRE

TO
HEADLIGHT
WIRE

CONNECT TO AUTO FRAME
~* (NEG GROUND SYSTEM ONLY}

COLLECTOR 2N1302,
BASE HEP-641
BOTTOM

EMITTER VIEW

C1—500 »F electrolytic capacitor, 15 VDC or hetter

Q1-—-NPN transistor, 2N1302, HEP-841
Q2—PNP, transistor, RCA 40254, HEP-628
R1—3,300-chm, />-watt resistor
R2, R3—560-chm, t/2-watt resistor
RY1—Relay, DPDT, 10-amp contacts, 12 VOC
coil registance-at teast 100-chms, Potter and
TAB BOOKS  Brumfield type MR11D or equiv.

When the driver depresses pushbutton switch S1, timing capacitor C1 charges to 12 V and turns on
transistor Q1, which drives power transistor Q2 into conduction. This, in turn, energizes the relay which
has its contacts connected in parallel with the headlight switch. The relay will stay energized until C1 dis-
charges to the Q1 turn-off level. The lights-on period is determined by the value of C1, R1, and the charac-
teristics of transistor Q1. With values chosen on the schematic, about 60 light-on seconds are provided.

COLLECTOR BASE 40254

(CASE) ~ HEP-628
Q BOTTOM
EMITTER VIEW
$1—S8PST pushbutton switch, normally open
(time-start switch)

Misc—3%4-in. x 2'e-in. x 15/s-in. case, t-amp SB
fuse with pigtail leads, #14 wire, hook-up wire,
printed circuit material, hardware, solder, eic.

Fig. 8-13

T . . TOAUTO
o o1 SRS — GROUND
a1 .:L.. $ 10k
100K
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» s
W ozt 4 s sl 7
ut
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OUAL GSCILLATOR/TIMER
a2 (a3 2f10] o] s
20K T
)
1 003
AvAvA
RI R4
00K 100K
+ _ TDBACKUP
LIGHT 3
TAB BOOKS oo 8 (

BACK-UP BEEPER

Fig. 8-14

Put the car in reverse and the circuit provides a
loud, audible beep at the rate of about one per sec-
ond (1 Hz). Half of U1, a 556 dual oscillator/timer,
is used as a slow-pulse oscillator with a rate of
about 1 Hz. Components R2, R1, and C1 form the
long time constant. You can calculate on time by
t=.7 (R1 + R2) C1 or 1.15 seconds. The off time
is shorter than the on time, at .77 second. Enabling
pin 4 (reset) is held high to keep the oscillator free-
running when voltage is applied to pin 14. The out-
put at pin 5 is coupled to pin 10 of Ul enabling
oscillator 2. Oscillator 2 of Ul produces an audio
output of about 1 kHz, as determined by C2, R3,
and R4. Pin 10 (reset) of oscillator 2 is connected to
the pin 5 output of oscillator 1. So when pin 5
becomes positive, the oscillator beeps a short
pulsed tone of 1 kHz.
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ELECTRONIC CAR HORN
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An LM556 dual oscillator/timer, U1, configured as a two-tone oscillator drives U2, a dual 4-watt ampli-
fier. One of the oscillators, pins 1 to 6, contained in Ul produces the upper frequency signal of about 200
Hz, while the second oscillator, pins 8 to 13, provides the lower frequency signal of about 140 Hz. Increase
or decrease the frequencies by changing the values of C2 and C3. U1’s outputs, pins 9 and 5, are con-
nected to separate potentiometers to provide control over volume and balance. Each half of U2 produces 4
W of audio that is delivered to two 8-Q loudspeakers via capacitors C7 and C8.
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HANDS-ON ELECTRONICS/POPULAR ELECTRONICS Fig. 8-16
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COURTESY LIGHT EXTENDER (Cont.)

I

The circuit keeps the courtesy light on for 30 seconds after you close the door. The lead from the door
switch is removed and connected to the 555 circuit. The 555 is arranged in a monostable mode, and is
triggered by the door switches. The output drives Q1, which is connected across the interior light switch.
The interior light is turned on for 30 seconds after the door is opened. If the door(s) are held open for
longer than 30 seconds, it will not reset until after the doors are closed. In that case, the lights go out
immediately. »

FLASHING THIRD BRAKE LIGHT
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oo T0 10
LEFT  RIGHT
BRAKE BRAKE
LIGHT  LIGHT
R2 A4 S=C1
R Fak T2 =
=
POPULAR ELECTRONICS/HANDS-ON ELECTRONICS Fig. 8-17

When power is first applied, three things happen: light-driving transistor Q1 is switched on due to a
low output from U2 pin 3; timer U1 begins its timing cycle, with the output, pin 3, becoming high, inhibit-
ing U2’s trigger, pin 2, via D2; and charge current begins to move through R3 and R4 to C1.

When Ul’s output becomes low, the inhibiting bias on U2 pin 2 is removed, so U2 begins to oscillate,
flashing the third light via Q1, at a rate determined by R8, R6, and C3. That oscillation continues until the
gate-threshold voltage of SCK1 is reached, causing it to fire and pull Ul’s trigger, pin 2,low.

With its trigger low, Ul’s output is forced high, disabling U2’s triggering. With triggering inhibited,
U2’s output switches to a low state, which makes Q1 conduct, turning on I1 until the brakes are released.
Of course, removing power from the circuit resets SCR1, but the rc network consisting of R4 and C1 will
not.discharge immediately and will trigger SCR1 earlier. So, frequent brake use means fewer flashes.
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1Ng14
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Fig. 8-18

The base of Q1 is connected to the car’s igni-
tion circuit. One side of the piezoelectric buzzer is
connected to the instrument-pane] light fuse. When
the headlights are off,, no current reaches the
buzzer, and therefore nothing happens. What hap-
pens when the headlights are on depends on the
state of the ignition switch. When the ignition
switch is on, transistors Q1 and Q2 are biased on,
removing the buzzer and the LED from the circuit.
When the ignition switch is turned off, but the
headlight switch remains on; transistor Q1 is
turned off, but transistor Q2 continues to be biased
on. The result is that the voltage is sufficient to
sound the buzzer loudly and light the LED. Turning
off the headlight switch will end the commotion
quickly.

Reprinted with permission from Radio-Electronics Magazine, April 1987. Copyright Gernsback Publications, Inc., 1987.
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9
Battery Chargers

’I‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

PUT Battery Charger UJT Battery Charger
Lead/Acid Battery Charger Portable NiCad Battery Charger
Lead/Acid Low-Battery Detector  Universal Battery Charger
Universal Battery Charger Low-Battery Warning
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. PUT BATTERY CHARGER
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Copyright of Molorola, Inc. Used by penmission. Fig. 9-1

A short-circuit-proof battery charger will provide an average charging current of about 8 A to a 12-V
lead/acid storage battery. The charger circuit has an additional advantage; it will not function nor will it be
damaged by improperly connecting the battery to the circuit. With 115 V at the input, the circuit com-
mences to function when the battery is properly attached. The battery provides the current to charge the
-timing capacitor C1 used in the PUT relaxation oscillator. When C1. charges to the peak point voltage of the
PUT, the PUT fires turning the SCR on, which in turn applies charging current to the battery. As the
battery charges, the battery voltage increases slightly which increases the peak point voltage of the PUT.
This means that C1 has to charge to a slightly higher voltage to fire the PUT. The voltage on C1 increases
until the zener voltage of D1 is reached, which clamps the voltage on C1, and thus prevents the PUT
oscillator from oscillating and charging ceases. The maximum battery voltage is set by potentiometer R2
which sets the peak point firing voltage of the PUT. In the circuit shown, the charging voltage can be set
from 10 V to 14 V—the lower limit being set by D1 and the upper limit by T1.

54



* LEAD/ACID BATTERY CHARGER

PRI
+V, I REGULATOR
VIN VOUY 4 Vv
ADJ R, 18 MV R, our
a3 v 0.1
220
=2.3 mA R. R,
2 1K :,
LEAD-ACID — 2978
+ w— CELLS
100 4F o 2.7 " BATTERY = g or 12v)
. LED W TCHARGE T
S
& 1.5k 12v ev
-; R, 4.7% 1.8k 7
‘ 2
- an [ -
LMan1A
v R 1.5k R, > 3
334 2N3906 1.8k >
- ana 100 R, opF | BPINOP
[ s LED L TFLOAT
EDN Flg. 9-2

This circuit furnishes an initial voltage of 2.5 V per cell at 25°C to rapidly charge a battery. The charg-
ing current decreases as the battery charges, and when the current drops to 180 mA, the charging circuit
reduces the output voltage to 2.35 V per cell, leaving the battery in a fully charged state. This lower volt-
age prevents the battery from overcharging, which would shorten its life.

The LM301A compares the voltage drop across R1 with an 18 mV reference set by R2. The compara-
tor’s output controls the voltage regulator, forcing it to produce the lower float voltage when the battery-
charging current, passing 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.

Temperature compensation helps prevent overcharging, particularly when a battery undergoes wide
temperature changes while being charged. The LM334 temperature sensor should be placed near or on
the battery to decrease the charging voltage by 4 mV/°C for each cell. Because batteries need more tem-
perature compensation at lower temperatures, change R5 to 30 Q for a tc of —5 mV/°C per cell if applica-
tion will see temperatures bhelow —20°C.

The charger’s input voltage must be filtered dc that is at least 3 V higher than the maximum required
output voltage: approximately 2.5 V per cell. Choose a regulator for the maximum current needed: LM371
for 2 A, LM350 for 4 A, or LM338 for 8 A. At 25°C and with no output load, adjust R7 for a Vyyr of 7.05
V, and adjust R8 for a Voyr of 14.1 V.
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Reprinted with permission from Aadio-Electronice Magazine, July 1986.
Copyright Garnsback Publications, Inc. 1986.

When power is applied to the circuit, SCR1 is
off, so there is no bias-current path to ground;
thus, LM317 acts as a current regulator. The
1.M317 is connected to the battery through steer-
ing diode D1, Limiting resistor R1, and bias resistor
R2. The steering diode prevents the battery from
discharging through the LED and the SCR when
power is removed from the circuit. As the battery
charges, the voltage across trip-point potentiome-
ter R5 rises, and at some point, turns on the SCR.
Then, current from the regulator can flow to
ground, so the regulator now functions in the volt-
age mode. When the SCR turus on, it also provides
LED1 with a path to ground through R3. So, when
LED]1 is on, the circuit is in the voltage-regulating
mode: when LED1 is off, the circuit is in the cur-
rent-regulating mode.

MCR 2518-3 1S RATED AT 20 AMPS rms
Copyright of Motorola, inc. Used by permissian. Fig. 9-5

This circuit will not work unless the battery to
be charged is connected with proper polarity. The
battery voltage controls the charger and when the
battery is fully charged, the charger will not supply
current to the battery. The battery charging the
current is obtained through the SCR when it is trig-
gered into the conducting state by the UJT relaxa-
tion oscillator. The oscillator is only activated when
the battery voltage is low. Vyap of the UJT is
derived from the voltage of the battery to be
charged, and since Vp= Vp= Vgap; the higher
Visn, the higher V. When ¥V, exceeds the break-
down voltage of the zener diode Z1, the UJT wil
cease to fire and the SCR will not conduct. This
indicates that the battery has attained its desired
charge as set by R2.
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PORTABLE NICAD BATTERY CHARGER
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This circuit was designed to charge NiCad battery packs in the range of 4.8 to 15.6 V from a conve-
nient remote power source, such as an automobile battery. When power is first applied to the circuit, a
small bias current supplied by R1 via winding W1, starts to turn on the transistor TR1. This forces a volt-
age across W2 and the positive feedback given by the coupling of W1 and W2 .causes the transistor to turn
hard on, applying the full supply across W2. The base drive voltage induced across W1 makes the junction
between R1 and R2 become negative with respect to the 0-V supply, forward-biasing diode D1 to provide
the necessary base current to hold TR1 on.

With the transistor on, a magnetizing current builds up in W2, which eventually saturates the ferrite
core of transformer T1. This results in a sudden increase on the collector current flowing through TR1,
causing its collector-emitter voltage to rise, and thus reducing the voltage across W2. The current flowing
in W2 forces the collector voltage of the TR1 to swing positive until restricted hy transformer output load-
ing. Rc network R4 and C3 limits the turn off transient TR1. R3 and C2 maintain the loop gain of the circuit
when diode D1 is not conducting.
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The charger’s output voltage is adjustable and regulated, and has an adjustable constant-current
charging circuit that makes it easy to use with most NiCad batteries. The charger can charge a single cell
ot a number of series-connected cells up to a maximum of 18 V.

Power transistors Q1 and Q2 are connected as series regulators to control the battery charger’s out-
put voltage and charge-current rate. An LM317 adjustable voltage regulator supplies the drive signal to the
bases of power transistors Q1 and Q2. Potentiometer R9 sets the output-voltage level. A current-sampling
resistor, R8 (a 0.1-{2, 5-W unit), is connected between the negative output lead and circuit ground. For
each amp of charging that flows through R8, a 100 mV ocutput is developed across it. The voltage devel-
oped across R8 is fed to one input of comparator U3. The other input of the comparator is connected to
variable resistor R10.

As the charging voltage across the battery begins to drop, the current through R8 decreases. Then
the voltage feeding pin 5 of U3 decreases, and the comparator output follows, turning Q3 back off, which
completes the signal’s circular path to regulate the battery’s charging current.

The charging current can be set by adjusting R10 for the desired current. The circuit’s output voltage

is set by R9.
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A voltage divider consisting of R1, R2, and R3 is used to set the input reference voltage below which
the batteries are to be replaced. That reference voltage, at point A, is varied by R1. With the voltage
divider shown in Fig. 9-7, a range of 2 to 3.5 V is possible. When the battery voltage drops below that at
point A, the output of ICla, 1/4 of a LM339 quad comparator, switches from high to low. That triggers
IC1b, which is configured as an astable multivibrator. Feedback resistors R6 and R7, coupled with capaci-
tor C1, determine the time constant of the multivibrator. The output from IC1b is connected to LED1
through dropping resistor R8. With the circuit values as shown, the LED will flash at a rate of 3 Hz.
Although this circuit was designed specifically to monitor RAM back-up batteries, it can of course be modi-
fied for use in just about any application where the condition of a battery must be found.
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10
Battery Monitors

’Ele sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Quickly Deactivating Battery Sensor NiCad-Battery Analyzer
Automatic Shutoff for Battery-Powered  Low-Battery Protector

Projects Low-Battery Warning/Disconnector
NiCad-Battery Protection Circuit Battery Capacity Tester
9-V Battery Life Extender Battery Splitter
Auto Battery Alternator Monitor Electric Vehicle Battery Saver

Low-Battery Detector
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QUICKLY DEACTIVATING BATTERY SENSOR
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The sensing circuit rapidly disconnects the battery voltage and load whenever the voltage drops below
a preset threshold. One-way operation prevents the circuit from reconnecting the load if the voltage should
then rise above the threshold. C1 ensures that the circuit doesn’t activate while making connections to the
battery; if you accidentally reverse these connections, D1 will block the turn on the relay.

After you connect the battery, nothing happens until you depress pushbutton switch S1, which allows
relay K1 to energize. When you release S1, the relay remains on only if the battery voltage is above the
minimum level. You preset this threshold—to 31.5 V when testing 36-V batteries, for example—using R4,
Q1 begins to turn off as the battery voltage drops. Once the threshold level is reached, Q2 also begins to
turn off, and its rising collector voltage provides positive feedback to the base of Q1, accelerating the turn
off. When Q2 turns off, the relay drops out, disconnecting the battery from its load.

AUTOMATIC SHUTOFF FOR BATTERY-POWERED PROJECTS
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POPULAR ELECTRONICS /HANDS-ON ELECTRONICS

When S1 is depressed, C1 begins to charge to
the supply voltage. That places a forward bias on
the gate of Q1 turning it on and supplying current to
load resistor RL. When the charge on C1 leaks off,
the transistor shuts off, cutting off currest to the
load. That load could be anything from a transistor
radio to a child’s toy. Transistor Q1, available from
Radio Shack as part No. 276 - 2070, is rated at 0.5
A at 60 Vdc. With a supply voltage of 9 Vdc and
with C1 rated at 0.22 uF, a delay of about one min-
ute is produced; with C1 rated at 10 pF, the delay is
about an hour.
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NICAD-BATTERY PROTECTION CIRCUIT
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Copyright of Motorala, Inc. Used by permission.

R1

If a NiCad battery is discharged to a point at
which the lowest capacity cell becomes fully dis-
charged and reverses polarity, that cell will usually
short mternally and become unusable. To prevent
this type of damage, this circuit detects a one-cell
drop of 1.25 V and turns the load off before cell
reversal can occur.

Low-current zener or other voltage sensor D1
and resistors R1 and R2 establish a reference level
for transistor Q1. These resistors bias the zener to
a few microamperes above its ‘‘knee.’’ Therefore,
if battery voltage falls more than 1.25 V, Q1 tumns
off, turning off Q2, and disconnecting the load.
After the load is disconnected, if the battery
returns to nominal voltage, the high value of resis-
tor shunting Q2 provides enough output voltage to
reset the voltage sensor and turn Q2 back on. If
desirable, shunt diode D2 or the parasitic diode of
the TMOS device, if suitable, allows the battery to
be charged from the load terminals.

The protection circuit presents a shunt current
of only 10 mA at nominal battery voltage, which is
low relative to the internal leakage of the batteries.

Fig. 10-3
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9-V BATTERY LIFE EXTENDER (CONT))

* Circuit provides a minimum of 7 V until the 9-V battery voltage falls to less than 2 V. When the battery
voltage is above 7 V, the MAX630’s IC pin is low, putting it into the shutdown mode which draws only 10
nA. When the battery voltage falls to 7 V, the MAX8212 voltage detector’s output increases. The
MAX630 then maintains the output voltage at 7 V. The low battery detector (LBD) is used to decrease the
oscillator frequency when the battery voltage falls to 3 V, thereby increasing the output current capability
of the circuit. Note that this circuit, with or without the MAX8212, can be used to provide 5 V from 4
alkaline cells. The initial voltage is approximately 6 V, and the output is maintained at 5 V even when the

battery voltage falls to less than 2 V.
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Most of the circuitry is contained in the
L.M3914 dot/bar-graph driver I1C chip. In addition
to the comparator circuitry within the package, it
also contains a stable reference supply and the driv-
ers for the LEDs. Resistor R2 acts as the current
limiter for all the LEDs. Resistor R2 may be varied
for LED brightness.

The unit will lluminate one LED for each volt-
age condition encountered in the charging system.
This system is called a dot-graph display; it is
achieved by wiring the mode control at pin 9 to pin
11 on Ul. It is possible to wire the monitor so that
each lamp will be illuminated up to the maximum
voltage on the line at that moment. The latter is
referred to as a bar-graph display. By connecting
pin 9 to pin 3 on Ul, the bar-graph mode will be
enabled.

LOW-BATTERY DETECTOR
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Comparator A detects when the supply voltage
drops to 4 V and enables comparator B to drive a
piezoelectric alarm.
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NICAD-BATTERY ANALYZER
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Because NiCad batteries maintain a constant output voltage, it is difficult to determine how much of
the battery’s charge remains. The circuit provides a way of determining the capacity of a battery by drain-
ing it at a preset current to its depleted voltage of 1 V/cell. Measure the discharge time of the cells and
perform a simple calculation to obtain the battery’s capacity.

Set the drain current (Ip) to 0.5C (C = battery capacity in mA/hr) by selecting an appropriate value
for R4. Choose R5 such that: I, x R5 = 1V, Vyeris set so the comparator turns off the drain current and
timer when the battery reaches its depleted voltage, Vp (usually 1 V/cell). You calculate Fypp as follows:

Ry [RaVs — 1.3) + RV
Rl R2 + R2R3 + R1R3

Veer =

With the battery in place, activate the circuit by grounding Vier with the momentary switch. The battery
drains at I, until it reaches Vp, turning off the drain circuit and the timer. Hysteresis keeps the circuit from
restarting. Determine the battery’s capacity using the following equation:

Cimary = Time of Cycle x Ip

The circuit shown tests 4.8 V, 180 mA/hr batteties. I is 100 mA and Vpis 4 V.
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LOW-BATTERY PROTECTOR
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drop and be easy to control.

R1 and D2 provide a trickle charge for the bat-
tery. Chosen for its low forward voltage drop,
Schottky diode D3 prevents forward polarization of
the diode incorporated in Q1. When the battery
voltage is above approximately 8 V, the output of
Ul is low and Q1 is turned on. If the battery voltage
falls below 8 V, the output of Ul increases and
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NiCad batteries are excellent rechargeable power sources for portable equipment, but care must be
taken to ensure that the batteries are not damaged by overdischarge. Specifically, a NiCad battery should
-not be discharged to the point where the polarity of the cell is reversed and is reverse-charged by the
higher-capacity cells. This reverse charging will dramatically reduce the life of a NiCad battery. This circuit
both prevents reverse charging and also gives a low-battery warning. A typical low-battery waming voltage
s 1 V per cell. Since a NiCad, 9-V battery is ordinarily made up of six cells with a nominal voltage of 7.2 V,
a low-battery warning of 6 V is appropriate, with a small hysteresis of 100 mV. To prevent overdischarge of
a battery, the load should be disconnected when the battery voltage is 1 V x (N -1}, where N = number
of cells. In this case, the low-battery load disconnect should occur at 5 V. Since the battery voltage will rise

when the load is disconnected, 800 mV of hysteresis is used to prevent repeated on-off cycling.
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BATTERY CAPACITY TESTER
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The test circuit gives an indication of the capacity remaining in a battery. By noting the time in seconds
that the LED remains on after you depress the test switch S1. The circuit has proven reliable in testing
NiCad-, carbon-, and alkaline-type batteries. Closing S1 activates the circuit by applying voltage from the
battery under test. Voltage V; jumps to a value Vi = VpR3/(R, + R;) when the switch closes and then
increases with a time constant 7 = C, (R, + Rs). The divider R4/R5 fixes V;. The reference circuit IC1
sets ¥ to approximately 2.5 V. The op-amp's output remains high (LED on) until ¥, rises to the level of
V5, when the LED turns off. Calculate the on-time 7oy as follows:

Ve—Vo

fox = T1n
ON Ve 1,

BATTERY SPLITTER

A common need in many systems is to obtain
positive and negative supplies from a single battery.
Where current requirements are small, the circuit
- shown is a simple solution. It provides symmetrical

o S HU/2 (5 + output voltages, both equal to one half the input

1]
= 7] Th
—_— 2 7 - .
(9v) —E_{a: 701044 . i . PEQURED O U<y voltage. The output voltages are referenced to pin

W 105; _F_.[E 3 3, output common. If the input voltage between pin
4 S -"w204% 8 and pin 5 exceeds 6 V, pin 6 should also be con-

—Jl o nefcted to pin 3, as‘shown by the dashed line.

| 0w Higher current requirements are served by an

LT1010 buffer. The splitter circuit can source or

}-ggm;” sink up to +150 mA with only 5 mA quiescent cur-

WV 18V rent. The output capacitor, C2, can be made as

large as necessary to absorb current transients. An
LINEAR TECHNOLOGY Fig. 10-11  input capacitor is also used on the buffer to avoid
high frequency instability that can be caused by
high source impedance.
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The battery life and operating cost of an electric vehicle is severely affected by overdischarge of the
battery. This circuit provides both warning and shutdown. An electronic switch is placed in series with the
propulsion motor contactor coil. Three modes of operation are possible:

¢ When the propulsion power pack voltage is above the 63-V trip point, the electronic switch has no effect
on operation

¢ When the propulsion power pack no load voltage is below 63 V, power will not be supplied to the propul-
sion motor since the electronic switch will prevent contactor operation

* When the propulsion power pack loaded voltage drops below 63 V, the contactor will close and open

because of the electronic switch. The bucking operation-indicates to the operator need to charge the
batteries
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11
Bridge Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Auto-Zeroing Scale

Accurate Null/Variable Gain Circuit

Remote Sensor Loop Transmitter

Bridge Transducer Amplifier

Strain Gauge Signal Conditioner with
Bridge Excitation
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Electronic scales have come into wide use and
the HA-510X, as a very low noise device, can
improve such designs. This circuit uses a stain-
gauge sensing element as part of a resistive Wien-
bridge. An auto-zero circuit is also incorporated
into this design by including a sample-and-hold.-net-
work.

The bridge signal drives the inverting input of a
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AUTO-ZEROING SCALE

differentially configured HA-5102. The noninvert-
ing input is driven by the other half of the HA-5102
used as a buffer for the holding capacitor, CH. This
second amplifier and its capacitor CH form the
sampling circuit used for automatic output zeroing.
The 20-KQ resistor between the holding capacitor
CH and the input terminal, reduces the drain from
the bias currents. A second resistor RG 1s used in
the feedback loop to balance the effect of R8. If R7
is approximately equal to the resistance of the
strain gauge, the input signal from the bridge can be
roughly nulled with R6. With very close matching of
the ratio R4/R1to R3/R2, the output offset can be
nulled by closing S1. This will charge CH and pro-
vide a 0-V difference to the inputs of the second
amplifier, which results in a 0-V output. In this
manrier, the output of the strain gauge can be indi-
rectly zeroed. R10 and potentiometer R11 provide
an additional mechanism for fine tuning Voyr, but
they can also increase offset voltage away from the
zero point. C1 and C2 reduce the circuit’s suscepti-
hility to noise and transients.

ACCURATE NULL/VARIABLE GAIN CIRCUIT
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The circuit can use any general-purpose, low-offset, low-drift op amp, such as the OP-07. The differ-
ential signal from the bridge feeds an amplifier that drives an ordinary, rugged +50-uA meter. Near the
null point, however, the drastically reduced signal level from the bridge requires very high gain to achieve a
high null resolution. To provide the variable-gain feature, the op amp’s feedback path needs a dynamic
resistance that increases as the input signal drops. Two common signal diodes, D1 and D2, in an antiparal-
lel configuration in the feedback path supply function for all positive and negative inputs. To stabilize the op
amp circuit at high gain, capacitors C3, C5, and C6 reduce response to high frequencies; capacitors C! and

C2 bypass the amplifier's power supplies.
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transmitter can be powered directly from a 4 to 20 mA current loop.

current transmits the frequency of the V/F converter back to the control circuitry.

This circuit shows amplifier Al as a sensor amplifier in a bridge configuration. Amplifiers A2 and A3
are configured as a voltage to frequency converter and A4 is used as the transmitter. This entire sensor/

The bridge configuration produces a linear output with respect to the changes in resistance of the
sensor. The voltage at the output of Al causes the integrator output A2 to ramp down until it crosses the
comparator threshoid voltage of A3. A3 turns on Q1 and Q2. Al causes the output of A2 to ramp up at a
rate nearly equal to its negative slope, while Q2 provides hysteresis for the comparator. In addition, Q1
and Q2 help eliminate changes in power supply loop voltage. Amplifier A4 and Q3 are configured as a con-
stant current sink which turns on when the comparator current increases. The resulting increase in loop
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. BRIDGE TRANSDUCER AMPLIFIER

ke

250k
METAL FILM ge

100K1?
AAA

1kt
TRANSCONDUCER/FREAMP GAIN = =
e x R > . R i
*" R 14 > @+ >0 + >y + RAR] uF
-5 +15 EXAMPLE
. >R =50>ex12V
L Vy = +10V
El .
NOTE
Thermal compensation iransducer {non-active}
SIGNETICS Fig. 11-4

In applications involving strain gauges, accelerometers, and thermal sensors, a bridge transducer is
often used. Frequently, the sensor elements are high resistance units requiring equally high bridge resis-
tance for good sensitivity. This type of circuit then demands an amplifier with high input impedance, low
bias current and low drift. The circuit shown represents a possible solution to these general requirements.

STRAIN GAUGE SIGNAL CONDITIONER WITH BRIDGE EXCITATION

+7.5¥

LT1008 I
~75Y
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wt
ase T 4
soe™™ £ % |
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[ P E ZER0 .
TRIM $ w0
* RNEC FILM RESISTORS 4 439\'!
L.
-
LINEAR TECHNOLOGY Flg. 11-5

The LT1007 is capable of providing excitation current directly to bias the 350-{ bridge at 5 V. With
only 5 V across the bridge, as opposed to the usual 10 V, total power dissipation and bridge warm-up drift
is reduced. The bridge output signal is halved, but the LT1007 can amplify the reduced signal accurately.
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Burst Generators

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Portable Rf Burst Generator
Tone Burst Generator for European Repeaters



PORTABLE RF BURST GENERATOR
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Fig. 12-1

The circuit generates low-level rf bursts having frequencies as high as 10 MHz, thus permitting field
testing of high frequency receivers. A jumper-selectable binary fraction (1/2 to /256 of the Y1 crystal fre-
quency gates the output rf signal. Output amplitude (open circuit) is approximately 100 mV; output im-
pedance is approximately 49 ). The rf source is a clock oscillator based on a 3.58-MHz, color-burst erys-
tal and two inverting buffers. The oscillator drives two cascaded 4-bit binary counters, IC2, and the sync
signal resets the counters with a logic-high pulse—logic low at the counters. Select the desired output
frequency by adding a jumper to one of the counter’s eight output lines, which provides an enable signal for
the two 3-state output buffers. The square-wave output at IC1, pin 11, is attenuated by R1, R2, and R3 te
fix the outpul resistance at approximately 49 {2. Resistor R3 is the only critical component; for clean gat-
ing, isolate it from the rest of the circuit.
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TONE BURST GENERATOR FOR EUROPEAN REPEATERS
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Most European repeaters must be brought up with a 1750-Hz tone. The SK3733 (also known as an
ECGI1197) IC contains a crystal oscillator and is divided by —256, 1024, 2048, and 4096. A 7168-kHz
crystal is used; the divide-by-4096 output produces a 1750-Hz signal.
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Capacitance Meters

’Ele sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

31/2-Digit A/D Capacitance Meter
Capacitance Meter
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* 31/2-DIGIT A/D CAPACITANCE METER
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The circuit charges and discharges a capacitor at a crystal-controlled rate, and stores on a sample-and-
difference amplifier the change in voltage achieved. The current that flows during the discharge cycle is
averaged, and ratiometrically measured in the a/d using the voltage change as a reference. Range switch-
ing is done by changing the cycle rate and current metering resistor. The cycle rate is synchronized with
the conversion rate of the a/d by using the externally divided internal oscillator and the internally divided
back plane signals. For convenience in timing, the switching cycle takes 5 counter states, although only
four switch configurations are used. Capacitances up to 200 uF can be measured, and the resolution on the
lowest range is down to 0.1 pF.

The zero integrator time can be set initially at /3 to 1/2, the minimum auto-zero time, but if an opti-
mum adjustment is required, look at the comparator output with a scope under worst-case overload condi-
tions. The output of the delay timer should stay low until after the comparator has come off the rail, and is
in the linear region (usually fairly noisy).
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CAPACITANCE METER
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Ula is an oscillator and Ulb the measurement part of the circuit. It converts unknown capacity into a
pulse-width modulated signal the same way an-automotive dwell meter works. The meter is linear so the
fraction or percentage of time that the output is high is directly proportional to the unknown capacitance

(CX in the schematic). Meter M1 reads the average voltage of those pulses since its mechanical frequency
response is low compared to the oscillator frequency of Ula.
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Carrier-Current Circuits

’Ihe sources of the following circuits are contained in the Sources section beginning on page 782 . The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Carrier-Current Audio Transmitter
Carrier-Current FM Receiver
Carrier-Current AM Receiver
Power-Line Modem
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: CARRIER-CURRENT AUDIO TRANSMITTER
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Reprintad with parmission from Radio-Electronics Magazine, January 1989. Copyright Gernsback Publications, Inc., 1988, Flg. 14-1

The decision to use either AM, narrowband FM (less than 15 kHz), or wideband FM (greater than 30
kHz) depends on the application. For the transmission of music, FM is better because it has greater noise
immunity. For speech or other noncritical applications, AM may be satisfactory. Our transmitter permits
either mode by switch selection.

Audio is fed from Sia to either the FM or AM circuitry. Starting with the FM section, amplifier Q1
accepts an audio signal in the 10 Hz to 20 kHz range of about 0.5 V peak-to-peak. The audio gain is
adjusted via R5 to provide up to 60 kHz deviation of voltage-controlled oscillator IC1 which is set to nomi-
nally 280 kHz. IC1 and Q1 are supplied with a regulated 12 V from IC2. A square-wave signal from IC1 pin
3 drives Q2, and Q2 drives the output amplifier Q3. A coupling network is used to match the nominal 45-}
output impedance of Q3 to the 10-{ ac line impedance.

In the AM mode, audio is coupled to Q8 via R24 and then amplified again by transistors Q4 to Q7. The
normally stable dc voltage at test point A is thereby varied at an audio rate. Because Q2 and Q3 obtain
their dc ¥ from test point A, the VCO carrier input to Q2 is amplitude modulated by the varying Vec
amplitude. That produces an amplitude-modulated output from the transmitter. Careful setting of carrier
level R23 and audio level R24 provides up to 100% modulation. The kit is available from North Country
Radio, P.O. Box 53, Wykagyl Station, NY 10804,
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CARRIER-CURRENT FM RECEIVER
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Repnnted with permission from Radio-Electronics Magazine, February 1989. Capyright Gernsback Publications, Inc., 1989.

Input signals from the power line are coupled through C23 and R19 to the input fiiter network. C23
must be rated at 600 volts. Switch S2 is used as an attenuator. Components C2 through C7, L1 through
L3, R1, and R20 form a triple-tuned bandpass filter having a passband from 220 - 340 kHz. Signals from
the filter are fed to an MC1350P gain block IC, which is used as a tuned rf amplifier.

1C2, the LM565 PLL, is used as an FM demodulator. Pins 8 and 9 are connected to an internal VCO
and components R9, R10, and C15 set the VCO’s free running frequency. The VCO signal and the input
signal from pin 2 are compared in the phase detector. The output from the phase detector is internally
-amplified, and then appears at pin 7. The output at pin 7 is a replica of the original modulation on the FM
input signal to the receiver; the output at pin 7 is therefore the recovered audio. C17 and R14 couple audio
to the base of Q2, which, in conjunction with R15, R16, R17, and C18, form an audio amplifier that brings
the recovered audio up to around 1 V peak-to-peak. The signal is then fed into an LM386N audio amplifier,
which can deliver up to 1/2 W of audio, coupled via C20, to any standard 8-f) external speaker. The kit is
available from North Country Radio, P.O. Box 53, Wykagyl Station, NY 10804,

80



(8]

€5

CARRIER-CURRENT AM RECEIVER
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The AM Tuned Radio Frequency (TRF) receiver,-has a sensitivity of about 1 mV at the input for an
audio output of 1/2 W, Capacitor C22 couples audio signals from the power line to the PC board—it must be
rated at 600 Vdc. R8 will cause F1 to blow, if C22 shorts. The signal from C22 goes to a tuned network
(C1 through C5, L1, and L2) that has a 20-kHz bandwidth, which allows only the desired signal to pass
through.

IC1 is a gain block i-f chip that has AGC capability and approximately 60 dB of gain. Components C8,
C9, and L3, which are placed across the output of IC1, are broadly resonant around 280 kHz. C10 couples
rf to detector-diode D1, which is used as an envelope detector.

The detector output is taken from C14, which sets the upper frequency limit at about 10 kHz or so.
By reducing the value of C14, high frequency response can be obtained. The detector output is connected
to an external jack. Audio components are fed to audio-gain control R6, through C16 to IC2, an audio
amplifier. C18 couples up to 1/2 watt of audio to an external speaker. The kit is available from North Coun-
try Radio, P.0O. Box 53, Wykagyl Station, NY 10804.
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In the 100-kHz application from left to right, the coupling network feeds into the receiver section on
the bottom of the chip. (The external components are summarized later,) The receive data output is pulled
up via Rpyrr = 10 KQ. A minimum current of 10 mA sets the voltage drop across Rpypr. Another voltage
supply, Viogic, is shown if the user wants to have the output sent at TTL levels. Across the top is the
transmitter section; going from right to left, the oscillator network, the class AB output stage (note feed-
back resistor Reggpeack) and the drive section. The LC values on the oscillator network should match
those on the bandpass filter in the receiver. The drive stage feeds into the coupling network and back into
the receive section. This enables the on-chip collision detection with listen-while-talking capability. This
effect can be cancelled, although the transmitter will still be connected to the receiver.
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Clock Circuits

rrhe sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Digital Clock with Alarm
Oscillator/Clock Generator
Single Op Amp Clock
Wide-Frequency TTL Clock
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DIGITAL CLOCK WITH ALARM
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OSCILLATOR/CLOCK GENERATOR
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SINGLE OP AMP CLOCK
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h the upper threshold voltage, the output signal
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This free-running TTL square-wave oscillator has a variable frequency output over a 20:1 range or
better through use of four of the six inverters in an SN7404 chip and the additional components shown.
Frequency of oscillation is determined by the capacitor and the settings of potentiometers R2 and R4; the
first pot controls width T1 and the second controls width T2 of the square-wave output. These adjust-
ments are not completely independent.
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Comparators

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Window Comparator Dual Limit Microvolt Comparator
Microvolt Comparator with Hysteresis Window Comparator
Comparator/Latch Four-Channel Comparator

Frequency-Detecting Comparator
Precision Comparator with Balanced Outputs
and Variable Offset
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Reprinted by permission of Texas Instruments.

WINDOW COMPARATOR
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A window detector is a specialized comparator circuit designed to detect the presence of a voltage
between two prescribed limits; that is, within a voltage window. This circuit is implemented by logically
combining the outputs of two single-ended comparators by the IN914 diodes. When the input voltage is
between the upper limit, ¥, and the lower limit, }7,, the output voltage is zero; otherwise it equals a
logic high levet, The output of this circuit can be used to drive a logic gate, LED driver, or relay driver
circuit. The circuit shown in Fig. 16-1 shows a 2N2222 npn transistor being driven by the window compar-
ator. When the input voltage to the window comparator is outside the range set by the V; and V;; inputs,
the output changes to positive, which turns on the transistor and lights the LED indicator.
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MICROVOLT COMPARATOR WITH HYSTERESIS
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The primary advantage of this circuit, when
compared to other comparators, is its ability to
latch after the input has reached a predetermined
threshold level. When the input exceeds the
threshold level, the LM311N output increases.
This transition enables the strobe input, preventing
the output from falling low. A high-level voltage on
the reset input will turn off Q1, thereby removing
the supply voltage from the open collector output of
the LM311N. With no supply to the strobe input,
the latch condition is removed and the output is
again allowed to follow the input excursions. The
LMB311N will operate with a wide variety of supply
voltage levels, ranging from dual +15 V to a single
5V level that provides compatibility with digital IC
logic. If more than one latch is used with a common
reset, all the pull-up resistors may be connected to
Q1’s collector.
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FREQUENCY-DETECTING COMPARATOR (CONT)

+ A quad comparator forms the basis of a frequency detector that is faster and less expensive than more
complex versions designed around frequency-to-voltage converter chips. Positive feedback through a 5-
MQQ resistor allows the circuit to resolve changes as small as two percent; the output responds to those
changes in about one cycle. When the input frequency is high, ¥ is pulled low; it's never allowed to exceed
2{3 V. When the input frequency is lower than the limit, ¥; exceeds 2/3 V once each cycle, but V; is held
below that limit. The trip frequency is defined by F = 1/(1.1R,C,). R2 can be adjusted to permit trimming
of the trip point, but the value of R3 must remain larger than R2.

PRECISION COMPARATOR WITH BALANCED INPUTS AND VARIABLE OFFSET

trp = 15 us at 1-mV overdrive
Vour = V; + 0.6V
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When the upper or lower limit is exceeded, the
LED lights up. Positive feedback to one of the null-
ing terminals creates 5 to 20 uV of hysteresis on
both amplifiers. This feedback changes to offset
voltage of the LT1002 by less than 5 uV. Therefore,
I the basic accuracy of the comparator is limited only
f casd by the low offset voltage of the LT1002.
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WINDOW COMPARATOR
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This window comparator generates an output pulse for each event that occurs within a specified win-
dow. That is, each output pulse signifies an input voltage pulse or level change that exceeds Vygrrow, but
not Vreruicu- The monostable multivibrators, IC2A and IC2B, produce a 10-ps pulse at their Q output in
response to a rising edge at their A input. Comparator IC1B produces a rising edge when the input
exceeds VygrLow, and comparator IC2A produces a rising edge when the input exceeds Vgprmigu- The
NOR gates, IC3A and IC3B, form a bistable latch whose Q output, when low, disables IC4. IC4, unless
disabled, produces output pulses in response to falling edges at the IC1B comparator output. You set the
width of these pulses by selecting the value of C3. The circuit can handle an input waveform containing 0 to
2 V amplitudes and 10-Hz to 10-kHz frequency components.
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When operated as an open loop without compensation, the HA-2400 becomes a comparator with four
selectable input channels. The clamping network at the compensation pin limits the output voltage to allow
DTL.or TTL digital circuits to be driven with a fanout of up to ten loads.

The circuit canbe used to compare several signals against each other or against fixed references; or a
single signal can be compared against several references. A window comparator, which assures that a sig-
nal is within a voltage range, can be formed by monitoring the output pelarity, while rapidly switchin