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Introduction

The Encyclopedia of Electronic Civcuats, Volume V adds approximately 1000 new
circuits to the treasury of carefully chosen circuits that cover nearly every phase of
Loday’s electronic technology. These five volumes contain a weallth of new ideas and
up-to-date circuits garnered from prestigious industry sources. Alse included are
some of the authors’ original designs.

Each ecircuit is accomparnied by a brief explanation of how it works, unless the cir-
cuit’s operation is either obvious or too complex to describe in a few words. In the lat-
ter case, the reader should consult the original source listed in the back of the hook.
The index includes all entries from Volumes I to V. This provides instant access to
about 5000 circuits, which make up the most extensive colleclion of carefully calego-
rized modern circuits available anywhere.

Once again, the authors wish to extend their thanks to Ms. Loretta Gonsalves,
whaose virtuoso performance at the word processor contributed so much to the suc-
cessful completion of the manuscript for this work. We look forward to the pleasure
of working with her on Volume VI, which is now under development.

Rudolf F. Graf and William Sheets

xi
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Alarm and Security Circuits

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

High-Power Alarm Driver Exit Delay for Burglar Alarms

Multi-Loop Paralle]l Alarm 5b5-Based Alarm

Series/Parallel Loop Alarm Light-Beam Alarm for Intrusion Detection
Parallel Loop Alarm Light-Activated Alarm with Latch

Closed-Loop Alarm Precision Light-Activated Alarm

Delayed Alarm Dark-Activated Alarm with Pulsed Tone Output
Door Minder Light-Beam Alarm Preamplifier

Strobe Alert System Precision Light Alarm with Hysteresis

Warble Alarm High-Qutput Pulsed-Tone/Light-Activated Alarm
Audio Alarm Self-Latching Light Alarm with Tone Qutput
No-Doze Alarm Alarm Sounder for Flex Switch

Heat- or Light-Activated Alarm  Burglar Chaser
Piezoelectric Alarm Silent Alarm



HIGH-POWER ALARM DRIVER

In this circuit, a low-powered SCR is used to
trigger a higher powered SCE. When a switch is
opening (82, 53, 84} or closing {85, 56, S7), ei-
ther SCR1 or SCRZ triggers. This triggers SCR3
via D1, D2, and RS, BZ1 is a high-powered alarm
of the noninterrupting type.

il = SEE TEXT

POPULAR ELECTRONICS FIG. 1-1

MULTI-LOOP PARALLEL ALARM

5 D3
164048 s
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R19 3 i W

= *SEE TEXT

POPULAR ELECTRONICS FIG. 1-2

This alarm has status LEDs connected across each inverter output to indicate the status of its as-
sociated sensor. S8 is used to monitor the switches via the LEDs, or to trigger an alarm via @1 and
SCRI. BZ1 should be a suitable alarm of the noninterrupting type.




SERIES/PARALLEL LOOP ALARM

AAA
Yy
o

53+ 54

SENSOR
§2° L0aP

POPULAR ELECTRONICS

R & +5-12V
RS L

SCR2
INGO6]

FiG. 1-3

Two SCRs are used with two sensor loops. One loop uses series switches, the other loop parallel
switches, When a switch actuation occurs, the SCR triggers. The alarm should be a noninterrupting

type.
PARALLEL LOOP ALARM CLOSED-LOOP ALARM
RI g +6-12v 6 19V
83t
[
211 "SEETEXT ZNS5060
POPULAR ELECTRONICS FIG. 1-4

Four parallel swiiches are used to monitor
four positions. When a closure cccurs on any
switch, SCR1 triggers, which sounds the alarm.
The alarm should be of the noninterrupting type.

POPULAR ELECTRONICS FIG. 1-5

A string of three series-connected, normally
closed switches are connected across the gate of
an SCR. When one opens, the SCR triggers via
R1, sounding an alarm. The alarm should be of
the noninterrupting type.




DELAYED ALARM

O
TOOTHER D2
SENSCR  1N914
CIRCUITS

1K

SCR2

POPULAR ELECTRONICS FiG. 1-6

The alarm/sensor circuit shown is built around two SCRs, a transistor, a 4049 hex inverter, and a
few support components, all of which combine to form a closed-loop detection circuit with a delay
feature. The delay feature allows you to enter a protected area and deactivate the circuit before the
sounder goes off.

Assuming that the protected area has not been breached (i.e., 51 is in its normally-closed posi-
tion), when power is first applied to the circuit, a positive voltage is applied to the input of Ul-a
through S1 and R1, causing its output to go low. That low is applied to the gate of SCR1, causing it to
remain off. At the same time, C6 rapidly charges toward the +V supply rail through S2, LED2, R4, and
D3. The charge on C6 pulls pin 5 of Ul-b high, causing its output at pin 4 to be low. That low is ap-
plied to the base of Q1, keeping it off. Because no trigger voltage is applied to the gate of SCR2 (via
Q1), the SCR remains off and BZ1 does not sound.

But sheould S1 open, the input of Ul-a is pulled low via R9, forcing the output of Ut-a high, light-
ing LED1. That high is also.applied to the gate of SCR1 through D1 and R3, causing SCRI to turn on.
With SCR1 conducting, the charge on €8 decays, the input of Ul-b at pin 6 is pulled low, forcing its
output high, slowing charging C8 through RS to a voltage slightly less than the positive supply rail.

Transistor @1 remains off until C8 has charged to a level sufficient to bias Q1 on, allowing suffi-
cient time to enter the protected area and disable the alarm before it sounds. Once C8 has developed
a sufficient charge, Q1 turns on and supplies gate current to SCR2 through R6, causing the SCR to
turn on and activate BZ1. If the circuit is reset before the delay has timed out, no alarm will sound.

The delay time can be lengthened by increasing the value of either or both C6 and R5; decreas-
ing the value of either or both of those components will shorten the delay time.

All of the switches used in the circuit are of the normally-closed (NC) variety. Switch 51 can be
any type of NC security switch. Switch S2 can be either a pushbutton or toggle switch. Because 53 is
used to disable the sounder (BZ1) only, anything from a key-operated security switch to a hidden
toggle switch can be used.
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POPULAR ELECTRONICS
This circuit monitors a door to determine if it has been left open. After 24 seconds, the alarm sounds. S1 is a magnetic sen-

sor. The alarm is an electronic chime sound that is struck once per second.




STROBE ALERT SYSTEM
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FIG. 1-8

The circuit is activated by an LED/photoresistor isolator (Ul1), which is a combination of a light-
dependent resistor {(LDR) and an LED in a single package. That device was chosen because of its
high isolation (2000 V) characteristic, which is necessary because the strobe part of the circuit is di-
rectly connected to the ac line.



STROBE ALERT SYSTEM (Cont.)

The voltage divider is formed by R2, U1’s internal resistance, and R3. When Ul’s internal LED is
off, Ul’s internal LDR has a very high resistance—on the arder of 10 MQ. The voltage applied to NE1
is considerably below ils ignition voltage of approximately 90 Vdc.

The optoisclator’s internal LED is activated by a de signal supplying 20 mA. The external sen-
sor(s) that supply the signal are connected to the strobe part of the circuit at Jt and J2.

When the internal LED lights, the LDR’s resistance decreases to around 5 kQ. Under that con-
dition, about 125 Vde is applied across C1, R4, and C2. The neon lamp periodically fires and extin-
guishes as capacitor C3 charges through R4, and discharges via NE1 and the SCR gate.

Resistor R4 restricts the current input to C3, and thereby controls the firing rate of NIt 1—about
three times per second. The discharge through NE1 is applied to the gate of SCR1.

SCR1, a sensitive-gate unit, snaps on immediately when NE1 conduets, which completes the
ground circuit for transformer T1 (a 4-kV trigger transformer). As SCR1 toggles on and off in time
with the firing of NE1, capacitor C2 (connected in paralicl with T1's primary) charges via R1, and
then discharges very rapidly through T1's primary winding. A voltage pulse is applied to the trigger
input of FL1, a Xenon flash lamp.

It is important to remember that the circuil is connected dircetly to the ac line. Resistor R6 is in-
cluded to limit the amount of line current available to the circuit. The value of R6 can be decreased
if you intend to modify the circuit for more flash power.

Warning: Even though the circuit is fuse-protected, it can still be dangerous if handled care-
lessly.

WARBLE ALARM
> 12V

1N4007

1T 200 w100 g H7 K,

T asv FANA

+ 1] I7
C1 J_
10 ;LF’me wF
) —
IC1 NE556 dual time
WILLIAM SHEETS FiG. 1-9

This circuit uses a 566 to first generate a low frequency square wave, that is modulated to pro-
duce two alternate tones of about 400 and 500 He. Circuit generates warble alarm of European emer-
gency vehicles. The frequencies of the oscillators are determined by the values of R1, C1 and R2, C2.




AUDIO ALARM
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POPULAR ELECTRONICS FIG. 1-10

In the circuit, Ul amplifies the audio picked up by the condenser microphone. Resistor R1 lim-
its current, while R2 and R3 center the output of the amplifier to %¥B+ to allow a single-ended sup-
ply to be used. Diodes D1 and D2 rectify the output of Ul, and C3 filters the resulting pulsing de.
Thus, a dc voltage that is proportional to the ambient sound level is produced.

That voltage is presented to the noninverting input of U2. The inverting input is provided with
a reference voltage of between 0 and % B+, which is set by R11.

As long as the noise level is low enough to keep the voltage at pin 3 lower than the voltage at pin
2, the output of U2 stays low (approximately 1 V). That is enough to bias Q1 partially on. A voltage
divider, formed by R8/R10 and Q1 (when it’s partially on), prevents Q2 from turning on.

When the noise level is high enough to bring the voltage at pin 3 higher than the -voltage at pin
2, the output of U2 goes high, That turns Q1 fully on and drives Q2 into saturation. The piezo buzzer
then sounds until the power is cut off. -

NO-DOZE ALARM
T 5t
—0 O . e al
52
o I
= C1 2
47 ™
1 N This circuit sends out a loud tone if the
! 2 = input switch (S2) is not retriggered at pre-
116 BZ1 o I setintervals. If you fall asleep and miss re-
? ) Mlt':]lfaaan = triggering the circuit, it will sound until you
4 . press 82,
R3 Q1
100K 8121315  .zZN3gD4
POPULAR ELECTRONICS FIG. 1-11




HEAT- OR LIGHT-ACTIVATED ALARM

1 k&2

2N3s06

1k}

+12V

Base

sensor

Darkness

WILLIAM SHEETS

+12V

SENSOR CIRCUITS

10k}

Base

+

Thermistor

10 k()

tN4002

'3

12V

A

Cold

Base

+12V

Q2
TIP
3055

+12V

10 kf}

FIG. 1-12

The tone generated by a bb5 oscillator can be turned on {activated) by heat or light. That causes
Q1 to conduct transistor W2 (TIP 3055).Q2 (TIP 3055) acts as an audio amplifier and speaker driver.




PIEZOELECTRIC ALARM

M F C1,C2....... .047 Disc Capacitor
........... 2MN3906 Transistor

@2 F——r-- [ R 33K Resistor
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The alarm uses a lixed-frequency piezoelectric buzzer in conjunction with the cadmium-sulfide
{CD8S) cell and the two-transistor circuit to provide a unique effect. Whenever light reaches the CDS
photo-electric cell, the alarm is silent. But when no light strikes the cell, transistor Q1 turns on, and
the circuit emits a high-pitched tone.

The alarm consists of a piezoelectric disk that oscillates at the fixed frequency of 3.137 kHz, cre-
ated by transistor Q2, capacitor C1 and C2, and resistors R1 through R3. Transistor @1 is used as a
switch. It is forward-biased “on™ by R4; however, the CDS cell turns Q1 “off” when the light. is strik-
ing it.

A CDS photo cell is made from cadmium sulfide, a semiconductor material that changes resis-
tance when the light strikes it. The greater the amount of light, the lower the resistance. The low re-
gistance conducts positive voltage to the base of pnp transistor @1, keeping it. turned “off” when the
light shines on the CDS cell. As soon as the light is removed, the CDS cell provides a resistance of
over 100 k€. That causes Q1 to turn “on,” allowing a positive voltage to reach the emitter lead of Q2,
which then begins to oscillate. That then causes the piezoelectric element (transducer) to produce
a loud signal.

EXIT DELAY FOR BURGLAR ALARMS

. o1z
E R3
¥ IMEG
a1
Rl 2N3906 Depressing S1 charges Cl to the supply
082 - - voliage, This biascs Q1 on via bias resistors R2
51 o1 ;3l b -and R3. A voltage is available for the duration of
i}-‘ E)éli.TAY 1N914 ms?i 18914 914 the delay period, to hold off the alarm circuit.
= <L (C1 can be increasced or decrcased in valuc to al-
10 SIMILAR ter the delay times.
SENSOR
INPUTS
POPULAR ELECTRONICS FIG. 1-14
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5b5-BASED ALARM
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The alarm circuit has a single 555 oscillator/timer {Ui1) performing double duty; serving both in the
alarm-trigger circuil and the entry-delay circuit. In this application, the trigger input of U1 at pin 2 is
held high via R1. A normally-closed sensor switch, S1, supplies a positive voltage to the junction of R2
and Cl, and lights LED1. With both ends of C1 tied high, there is no charge on C1. But when S1 opens,
C1 (initially acting as a short) momentarily pulls pin 2 of Ul low, triggering the timed delay circle.

At the beginning of the timing cycle, Ul produces a positive voltage at pin 3, which charges C4
to near the positive voltage at pin 3, which charges C4 to near the positive supply voltage, Transistor
Q1 is heavily biased on by R3, keeping its collector at near ground level. With Q1 on, SCR1’s gate is
clamped to ground, hoelding it off. When the delay circuit times out, pin 3 of 171 goes low and ties the
positive end of C4 to ground. That turns Q1 off.

When Q1 turns off, the voltage at the gate of SCR goes positive, turning on the SCR and sound-
ing the alarm. The delay time is adjustable from just a few seconds (R6 set to its minimum resis-
tance) to about one minute (R6 adjusted to its maximum resistance).

LIGHT-BEAM ALARM FCR INTRUSION DETECTION

112V
IN4DO7 *Indicatar
18 KL lamp
p
100 ke f ”R‘Zsm When the light beam that falls in the CDS
button photocell is interrupted, transistor (EN3904)
2N3904 c106 conducts thereby triggering SCR1 (C106) and
Light beam } . activaling alarm bell, S1 resets the SCR. The
= 1k = alarm bell should be a self-interrupting electro-
408 mechanical type.
cDS
* Lamnp should draw at least 100 mA
to sensure SCR1 remaining on
during alarm cycle
WILLIAM SHEETS FIG. 1-18
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LIGHT-ACTIVATED ALARM WITH LATCH

Rt +8 TO + 14V
51
RESEY
0ox R4
TN4OM 47002
2t 1Y
=

ELECTRONICS NOW FIG. 1-17

In this circuit, light causes R5 to conduct forward-biasing Q1. R6 sets sensitivity. SCR1 is trig-
gered from the emitter voltage on LQ1, sounding the alarm bell. When 51 is depressed, SCR1 un-
latches. Be sure that a self-interrupting alarm (electromechanical buzzer or bell) is used.

PRECISION LIGHT-ACTIVATED ALARM

A d A 4 > 12V

1C1
TLOB1
To load
wA741, etc. or conrol
o device
22 k1
Ra8
cos
/ 22 kil

WILLIAM SHEETS FiG. 1-18

The light-sensitive CDIS cell R8 configured in a bridge circuit with IC1 as a comparator causes
IC1's output to go high when light strikes the CDS cell RE, triggering SCRL. This lights LED] and
turns on opto isolator IC2, which switches the load.

12



DARK-ACTIVATED ALARM WITH PULSED TONE OUTPUT

0.1 pF 470 pF
K4
1€ 1t

|: [ ij—ﬁ > > > To audio
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abed = CD4001
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1.2 M} Pin 14 CD4001
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250 k)

WILLIAM SHEETS FIG. 1-19

NOR gates a and b form a low-frequency oscillator that is activated when the CDS cell, under
dark conditions, causes NOR gate a to see a logic zero at one input. This low-frequency (10 Hz) gates
a high-frequency oscillator (c and d) to oscillate at around 1000 Hz. R1 can be varied to change the
pulse rate and R2 to change the tone. R3 sets the trigger point.

LIGHT-BEAM ALARM PREAMPLIFIER

+12V
ci
0.1 Wk TLO 81
Photo —O Qutput
diode
+12V
10 pF I
WILLIAM SHEETS FIG. 1-20

This circuit can be used for light hearns 10 20 kHz. The gain of the operational amplifier is set for
a 40-dB gain.

13



PRECISION LIGHT ALARM WITH HYSTERESIS

2 To amglifier
and speaker

R3
Hysteresis
10 kO adjust
10 M1:

WILLIAM SHEETS FiG. 1-21

The TL(O81 is used as a comparator in a Wheatstone bridge circuit. When the CDS cell resistance
decreases due Lo exposure to light, the output from IC2 cause the low-frequency oscillator (2) and (b)
to generate a 10-Hz square wave, gating the 1000 Hz oscillator (¢) and (d) on and off. Thus signal dri-
ves an amplifier. R3 controls hysteresis, which reduces on-off triggering near the threshold set by R4.

HIGH-OUTPUT PULSED-TONE/LIGHT-ACTIVATED ALARM

1€1

4700 pF
i

+12V

cDs
cell

100 ki1 16 11
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speaker

% 10 uF 1N4007
= 1N4007

821

WILLIAM SHEETS = FIG. 1-22

This circuit can produce up to 1 W of audio power to drive a speaker or horn. When the CDS cell
is struck by light, its resistance decreases thus activating NOR gate (a) thereby causing (a) and (b)
to produce a low-frequency (10-Hz) square wave. This pulses the 1-kHz oscillator (c} and (d), caus-
ing it to generate a pulsed 1-kIlz tone at a 10-Hz rate. Q1 and Q2 amplify this signal. Q2 (2N3055)
drives the speaker.

14



SELF-LATCHING LIGHT ALARM WITH TONE OUTPUT

> 12V

0.

001 pF

100 kit

1 kel

N7

Rasst

WILLIAM SHEETS

680 Kk

| L
AN

Y Voc

‘ c d —@—3» Tone output
a,b,cd
F4C000

{) or
CD400C

FIG. 1-23

A decreasc in the resistance of the CDS cell when light, strikes it activates latch a and b, enabling
tone oscillator ¢ and d which produces an output of about 1000 Hz. R ,, sets the trip level. 51 resets

the circuit.

ALARM SOUNDER FOR FLEX SWITCH

Plastic outer sheath
"Rubber separators

ot T T T G B B e e mm[
T
e

Conductive foil strips

A

POPULAR ELECTRONICS

+5T0 +15V

A -
A'A'Av _0 G_
R1 82 m}
1K 8 Flex switch 47k 1:
7 4
< R4 c1 I: R3 ¢
$ 100K ] 5%15 w7 200k $
2 3 =
) 1 SPKA1 *_[_-03
9 M0 2.2
B
FiG. 1-24

This is a cross-sectional diagram of a flex switch. They can be used as pushbutton or even posi-
tion sensors. This schematic diagram shows an oscillator, which is used as an alarm sounder, trig-

gered by a flex switch.
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BURGLAR CHASER

R
r

T D

&
AAA

W
E

=G ] T

“'I'_ N | Lt
] L\ ') 4
BZ

SVdc
C7
T

1991 PE HOBBYIST HANDBOOK

<eerereeeeeeeMetat Homn Buzzer

coeeeee. -8 pF 250 volts Capacitor

.022 pF Green Cap (223 K5K)

M 1NAOOT Diode
[ P Micro Strobe Tube/Reflector
[y PR ....Neon Lamp
[ DU ...C1740 8W Transistor
[w}:] weeenee 108 SCR
= & OO 200 ohm Resistor
R2...... ....520 ohm Resistor
R3....... ceeennenn 10 Mg Resistor
Tl ....Inverter Transformer
T2... rerererereenenenne & WV Trigger Coll

FIG. 1-25

The burglar chaser makes a great accessory for any alarm system. It creates brilliant flashes of
white light and a loud, irritating sound from a metal horn buzzer. Transformer T1 is connected fo Q1,
R1, and R2 to form a blocking oscillator. This creates a 6-Vac signal on the primary of T1. Because of
T1’s large ratio of turns from primary to secondary, the 6-Vac signal is stepped up to a level of over 200
Vae, which is then rectified by D1. The resultant de voltage is applied to storage capacitor C1 and the
neon relaxation oscillator made up of R3, C2, and L1. Each time C2 charges up to a sufficient level, it
‘ionizes L1, which causes SCR Q2 to fire. The firing SCR causes the charge on C2 to be applied to the
trigger coil. The trigger coil converts the 200 V into the 4000-V pulse that is needed to fire micro xenon
strobe tube/reflector FT. The cycle repeats itself after the strobe tube flashes.

SILENT ALARM

—

0K =

POPULAR ELECTRONICS

A sensor switch triggers a set-reset flip flop and lights an LED.

FIG. 1-26
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2

Amplifier Circuits

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

Difference Amplifier Electret Mike Preamp

Fast-Inverting Amplifier with High Input Impedance Difference Amplifier

Noninverting ac Amplifier General-Purpose JFET Preamp

Inverting Summing Amplifier FET Amplifier with-Offset Gate Bias

Neninverting ac Amplifier Push-Pull Darlington Amplifier

Fast High-Impedance Input-Inverting Amplifier Neninverted Unity-Gain Amplifier

Nonlinear Operational Amplifier with Temperature- 500 MQ Input Impedance with JFET Amp
Compensated Breakpoint Discrete Current-Booster Amplifier

MOSFET High-Impedance Biasing Method Frequency Counter Preamp

Inverting Summing Amplifier Audio to UHF Preamp

Bootstrapped Source Follower V- & [-Protected Intrinsically Safe Op Amp

30 MQ JFET Source Follower Current Feedback Amp Delivers

JFET Source Follower 100 mA @ 100 MHz

Unity-Gain Noninverting Amplifier General-Purpose Preamplifier

JFET Arap with Current Source Biasing Test Bench Amplifier

17



DIFFERENCE AMPLIFIER

_R3+R2 A4
RU+R4 AT ° R

A2

Vou Vim — Yy

FOR R1 = R3 AND R2 = R4
R2
Voyr = — (Vo—V
TS R V- Vy)

R1JR2=A3!I1R4

POPULAR ELECTRONICS FIG. 2-1

By using two inputs as shown, a differcnce
amplifier yielding the differential between Ul and
U2, times a gain factor results.

FAST-INVERTING AMPLIFIER WITH HIGH
INPUT IMPEDANCE

+V

2 Ri
Sl

n YWy

: { '
Lmioz L -

Lo}
INPUT
POPULAR ELECTRONICS FiG. 2-2

Ul is used as a voltage follower to feed in-
verler UZ, Because Ul ig in the voltage-follower
configuration, it. exhibits a high input impedance.

NONINVERTING ac AMPLIFIER

R R2
1MEG 10MEG
AN AN
+V
R3 2
910K 3 —0 Vo

LM107

Vo =
om=RLeR2
R1
Ry =R3

R3=R11IR2

=

POPULAR ELECTRONICS FlG. 2-3

A general-purpose noninverting ac amplifier
for audio of other low-frequency applications is
shown. Design equations are in the figure. Al-
most any general-purpose op amp can be used
for Ul.

INVERTING SUMMING AMPLIFIER

-
-«
L |
—4

R5= A1]JR21IR3II R4

POPULAR ELECTRONICS FiG. 2-4

The output of Ul is the sum of V|, V,,, and V,,
multiplied by & /R,, R,/R,, and respectively. R1,
R2, R3 are seclected as reguired for individual
gains. R4 affects gain of all these inputs.

18



"NONINVERTING ac AMPLIFIER

FAST HIGH-IMPEDANCE INPUT-

INVERTING AMPLIFIER
R1 R2
1MES 1OMEG ')I' v e e
AN A, 1 -
v 5pF 10K
2 ? A‘,AA
R3 - 8 R1 L +V
910K alwn —o0 Vo WK ], A
A—y— L Tm07 A e
4 alu2 b
o1 it Vor=R1+ A2, L p gl 1T
R1 - 1
1 .
Ry = R3 & 0 ©
v uTPUT
W R3=R1IR2 INPUT —22
= 150pF
POPULAR ELECTRONICS FIG. 2-5 | poPULAR ELECTRONICS FIG. 2-6
NONLINEAR OPERATIONAL

AMPLIFIER WITH TEMPERATURE
COMPENSATED-BREAKPOINT

n >
10K1r3+ [
L1t C1 OUT%UT
30pF
POPULAR ELECTRONICS FIG. 2-7

MOSFET HIGH-IMPEDANCE
BIASING METHOD

l{ Q egyr
§ 3.9 ki)
= o]
+12v
WILLIAM SHEETS FIG. 2-8

High-irpedance biasing method for an N-
channel MOSFET to form a linear-inverting am-
plifier.
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INVERTING SUMMING AMPLIFIER

R
Vy o——Ay
R2
V; o—4W—4
R3
VQG* Ay
RS §
v, V, V
- vom--na(—'+—3+—3}
Rl A2 R3

R&= R11IR21IR3IIR4

POPULAR ELECTRONICS FIG. 2-9

‘-BOOTSTRAPPED SOURCE FOLLOWER

+12v
§ 22 M
100 pF 0 out
100 M0 10 F
18V
| £
1L
1.0 uF
22 MO
WILLIAM SHEETS FIG. 2-10

This bootstrapped source follower uses an
N-channel MOSFET. It has a high input imped-
ance.

30-MQ JFET SOURCE FOLLOWER

> 12V
; 270 kR MPF 102
001 pF
Audio
input bt E
EE >
= 3.3 MQ
= 10 wF
18V
p I + + ] Audio
1‘ \F I output
[
/Y
150 kN
4.7 ki) =
FIG. 2-11

WILLIAM SHEETS

This JFET source-follower uses an MPF102
with offset biasing. It has an input impedance of
=30 MQ.

JFET SOURCE FOLLOWER

+12V

MPF 102

001 pF |
e | 10 uF
6V
10 MO ( ©
47 KO
AN
+ 22M0
ik 2.2 M0 -

+12V
WILLIAM SHEETS FIG. 2-12
The circuit uses positive gate bias to improve
the operating point for better dynamic range.
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UNITY-GAIN NONINVERTING AMPLIFIER

+10V

N CH
MOSFET

+10V

WILLIAM SHEETS FiIG. 2-13

Biasing methods for an N-channel MOSFET
to form a unity-gain noninverting amplifier or
source-follower.

JFET AMP WITH
CURRENT SOURCE BIASING

+12V

MPF102 " o
10 pF _Oulput
0.1 4F 16V

2N3906, 2N2905, etc.

2.2k

12V

‘WILLIAM SHEETS FiG. 2-14

A current source (MPF102) in the source
lead of bipolar transistor 2N3906 permits accu-
rate control of drain current.

ELECTRET MIKE PREAMP

+1.5V
4
2.k$ €1
MIC 4 o0
+
[ E C10
= 76K 22uF
i
ELECTRONICS NOW FIG. 2-15

This circuit is suitable for using an electret
microphone for many applications. A 1.5-V bat-
tery is used. C1 and R3 provide treble boost/bass
cut; they can be eliminated, if desired.

DIFFERENCE AMPLIFIER
R1
Vi o——Ay
VQC‘_ AAA-
R$ 4
‘h
) RI+ RZ2 R4 R2
L -4
= Vypr —mm— —V,——= V¥
®T Ri+R4 BT ° R1
FOR R1 = R3 AND R2 = R4
R2
Vour = — (Vo= V
our RI ( r 1)
R1/IR2=R3(1R4
POPULAR ELECTRONICS .FIG. 2-16
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GENERAL-PURPOSE JFET PREAMP

49 uF
Vv 1 k)
l | +24v
= 10 kO
01 uF MPF 102 - —o
1uF  Output
Input i
2.2 MO + =
= 2.2k0 47 puF

WILLIAM SHEETS FIG. 2-17

This JFET preamplifier has a gain of about
20 dB and a bandwidth of over 100 kHz. It is use-
ful as a low-level audic amplifier for high-imped-
ance sources.

FET AMPLIFIER WITH OFFSET GATE BIAS

% . >+ 24V

005 uF S 100K 4THL  gpyF
o—F— PRTLY

Input O:I_ MPF 102 E & OQutput

WILLIAM SHEETS FIG. 2-18

In this amplifier circuit, the gate of the
MPF102 is biased with an external voltage. This
circuit achieves tighter control of the operating
point and biasing conditions.

PUSH-PULL DARLINGTON AMPLIFIER

Y
LRI < R4
$ 20k ¥ 5500
1
) a1
2NI904
INQ-—*+—4
1: RS
> 3K
> HZ b
!: 100K 2 auT

POPULAR ELECTRONICS FIG. 2-19

This circuit has a high-Z input and push-pull
output via the output taken across R4 and R6.

NONINVERTED UNITY-GAIN AMPLIFIER

V4

R1

WILLIAM SHEETS FiG. 2-20

An op amp can be used as a unity gain am-
plifier by connecting its output to its inverting
input as shown. R1 should be low enough so the
bias current of the op amp does not cause an ap-
preciable offset.
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500-M<2 INPUT IMPEDANCE WITH JFET AMP

1.0 pF
330 k2 25V
+18V
15 MQ T
0-0r1 nF | - +18v
ot MPF l-:
|an|t 102
2
i ; 100k 2N3904
2.2k Output
2N3304 Qutput
%150 k(2 10 k()
WILLIAM SHEETS FIG. 2-21

A current source using a ZN3904 transistor plus bootstrapping, achieves an input impedance of
500 MQ. A second 2N3904 transistor can be added at X to lower the output impedance.

DISCRETE CURRENT-BOOSTER AMPLIFIER

+ 24V
o]
oK R7 £
Vi . MPS6560
c2 i
g K
g I ® b 130
> MPS6580
¢ R12 0 Vo
> 10K
Q2
MPS8562
POPULAR ELECTRONICS FIG. 2-22

Suitable as a line driver, this cireuit is useable in many similar audic applications.
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FREQUENCY COUNTER PREAMP

5V
o5 I +
100pF R2 D1
a ’ Jook %msu ! ouUTPUT >
INPUT Al < o D2
IMEG T Ng14
= -5V
+5V
. . 1 2. ;
7] 3
03 g+ b4
2M4418 aTuF $
:F RS
F510 3 are
s ?713 T 500
Q3 Ao
23908 T YW
Q2
2N4415 D3
: g & 1M914
3k s
05
_‘b RT 2“2359
3 2000
G2 R13
47pF 300

RADIO-ELECTRONICS

-5VI

FIG. 2-23

Based on the LM733 or NE592, the preamp shown has a bandwidth of 100 MHz. The FET inputs
provide about 1-MQ input impedance. @4, Q5, and 1C2 provide signal conditioning.

AUDIO TO UHF PREAMP

1Q0uF RFC
ID\‘:* Jz:?-?:—t' ~ t6vDC REGULATED
’_}’ EAl ™ 24mh
The Signetics NE5204 or NEB205 can be
- 1. N used in this AF to 350-MHz (—30 dB) preamp. If
o] wESszos 1 : a

e N F—b—> s our 6OQ MHZ @ 3 dB is needed, use the NES205. Tl}e
20/150 30s730 noise figure is 4.8 dB at 75 Q, 6 dB at 50 Q. Gain

g

lrsiﬁ

73 AMATEUR RADIO TODAY

ﬂL___) +20d8

FiIG. 2-24

is approximately +20 dB over the passband.
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V- & -PROTECTED INTRINSICALLY SAFE OP AMP

R1
560 2

Load

WILLIAM SMEETS FIG. 2-25

The circuit is designed to drive an external load. A fault condition in the external load circuit
could feed excessive current or voltage back into the line drive circuit. If excessive voltage appears
from the load, the two zener diodes will clamp that voltage to a safe level, which in this case is 10 V.

The current in the zener diodes, op amp, and the remainder of the circuitry is limited to a safe
level by resistors R1, R2, and R3. D1 protects the op-amp output stage from 10 V appearing across
the clamp diodes under a fault condition,

The advantage of this circuit is that, although it's designed as unity gain buffer, the same tech-
niques can 'be applied to mverting, noninverting, or differential gain stages.

CURRENT FEEDBACK AMP DELIVERS 100 mA @ 100 MHz

Using a NS LM6181, this IC is useful in cable
drivers, The supply voltage is +5 Vito 215V,

NATIONAL SEMICONDUCTOR FIG. 2-26
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GENERAL-PURPCSE PREAMPLIFIER

GENERAL PURPOSE PREAMPLIFIER
o7 O—+3V
51

ON/OFF

RS«

&
K ¥
<Rl Y, ouT

L
< 100K 0—«-—-—1: p
a2 1
BL10aC a:)
10
L
o
BL109C
A4
470K

AMA
Yy

o1

IN 47 Suitable for general audio use, the preamp

circuit uses a feedback pair. Current gain is set by
the ratio of (B, + E,)/E,.

£re
tal r 3900
$akFak !
©  §w
I A F L

POPULAR ELECTRONICS FiG. 2-27

TEST BENCH AMPLIFIER

J4
EXTERNAL
12V DC
D1 SUPPLY

SPK1
1642

“SEE TEXT hi

POPULAR ELECTRONICS FIG. 2-28

This amplifier might be useful in servicing or bench testing as a signal tracer or as a building
block in various systeins,
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3

Analog-to-Digital Converter Circuits

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

ADC Poller
8-Charnnel A/D Converter for PC Clones

27



ADC POLLER

4.9152-MHz 1
ostillater .
woh: L—q1 w473
CLKIN P B
Voltaga |2.5V) 1 1
reference | AEF SCLK ” rK ] X o u_I
csssel 3
AN mRor, 18— Mo 1807 1 RS-0
i MODE 5V
_ AGND SOATA A‘I
MODE |- 45

} 1o 7ancior

55501

19 11 u
SCLK g 12 5 12
SOATA T4HC595 T4HCH%5
ELECTRONIC DESIGN FiG. 3-1

Because the CS5501 16-bit-delta-sigma analog-to-digital converter lacks a “start convert” com-
mand, it converts continuously, outputting conversion words to its output register every 1024 cycles
of its master clock. However, by incorporating a standard dual J-K flip-flop into the circuit, the ADC
can be configured to cutput a single-conversion word only when it is-polled.

The C85501 converter can be operated in its asynchronous communication mode (UART) to
transmit one 16-bit conversion word when it is polled over an RS-232 serial line (see figure). A null
character (all zeros) is transmitted to the circuit and sets the flip-flop FE'2. The CS5501 can then out-
put a single-conversion word, which is transmitted over the RS-232 line as two bytes with start and
stop bits.

The baud rate can be chosen by selecting the appropriate clock divider rate on the 74114040
counter/divider as the serial port clock (SLCK) for the ADC. This type of polled-mode operation is
also useful when the ADC’s output register is configured to operate in the synchronous-serial clock
(S5C) mode. In this case, the converter will load one output word into a 16-bit serial-to-parallel reg-
ister (two T4HCH95 8-bit registers) when polled to do so (see figure).
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8-CHANNEL A/D CONVERTER FOR PC CLONES

The foliowing program causes the A-D converler 1o parferm eighl sequential
conversions and display the result. It's written in Turbo BASIC/Pawer BASIC
source code, it @ will run under the GW-BASIC interprater if you replace the delay
stataments with FOFUNEXT loops, and add fine numbers as shown in the second
ligling. These programs eve available on the 73 BBS under the filenames ADC Tiw-
bo.BAS and ADCGW.BAS.

u‘ITtALIZE ‘remarks follow the apastrophe

GWBASIC Version

10°* Tha following program causas the A-D converiar to perlamn eight
20 sequential conversions and display the result.

30 SCREENQ
40 COLOR 14,0
S0CLS

€0 CLEAR

et mode B8O dolumns
‘ynlkm o blve

‘clear the screen
‘clear al variables

“1exi mode 80 columng

color 14, 0 ‘yaliow on blue
cls ‘clear the screen
clear ‘clear all variables
oggle%=2 “initialize variablés
oddsignsd
MINORLOOP:
while nol instat gong until & key is pressed
out B8, 1 “reguiator ine high
delay 1 wait 1 secend befora next sample
out B8S.G “light up the regulator
delay 054 ‘wail 54 milligeconds to Hlabilze
for ch%=d 1o 7 ‘scan 8§ channels
out 68,8 CShighpin§
out 868.0 TS low
out 8868.2 ‘stan Bl is always high Dl line
ot 890.0 ‘clock high pin 1 of DB 25 pricker
for slow¥m(r 1o 1:next slow ‘siredches clock pulse
out 890,1 ‘clock low
oul B84,2 B single ended measurements salected
out 830,0 ‘clock hi
for slow%=0 10 1:next slow% ‘stretches clock puise
out 80,1 ‘clock low .
out B88,.0dd5i! ‘part of the channgl sslection string
swnpoddsnm%lngge% oggies between high and low
‘clack high
fnr slwﬂk=ﬂ 10 t:next slowi% ‘stretches clock pulse
out 890, ‘clock low
sut 654 salecth% ‘part of the channel selection string
out 890.0 ‘chock b
for show=010 1:next slow ‘stratches clock pulse
out $90,1 ‘elotk low
out BBE. select0% ‘part of the cnannel seleclion string
out 890.0 ‘clock
tor slowTa( 10 1:ne) Slow% ‘strgiches ciock pulse
ot 890.1 ‘clock low
READBITS:
hrbﬁ:?mo:mp -1 M5B is first out
'chock high
furslum—u to 1:next slow% siretches clock pulse

out BBO,1 ‘chock low
ad%einp{BEY) ‘pot 889 pin 10 T-low1 35-high
# 2d%-<120 then byte%=byta% +{24bit%}
nend it %% .
i ch%=0 then selecti%eat) : selaci0®%-{ - chOvolis=byte%/51
# ch%=1 then selact]%e=0: select0%=2 : chivolisabyle®/S1
ch%a2 then seleci?%=0 : seleci(%=2 : ch2volis=byle%/S1
if ch%=3 then select!%~=2 : selaci(%=0: chavolts=byte™%/51
# ch¥%=4 then salect!%=2 :setac10%=0 : chdvolts=byla¥%/'51
# ch%s=5 then select!%=2 : selectl%=2 : chSvols=byta%/51
if chd%=6 Ihen pelect %2 : seler10%a2 - chBvohs=Dyte%/51
f ch¥%=7 then select1?%=0 : selecii%=0 : ch?volis=byle¥%/'51

Pl Lsing
S ¥ chOvols, chivolts, ch2volis
wand

 chavolts,chSvols chEvolis,ch7volls

70 TOGGLE%=2

80 QUDSIGNY%=0

90 IF INKEY$< >" THEN END

100 OUT 888,

110 QUT 888.0

120 FOR W¥%x0 TO S50E:NEXT W%

130G FOR CHY%=0 T0 7

140 DUT 8388

150 QUT 888.0

160 OUT 8882

170 OUT 890.0

180 FOR SLOW%=0 TQ 1:NEXT SLOW%
160 OUT 890,

200 OUT 888,2

210 OUT 890,0

220 FOR SLOW%=0 TO 1:NEXT SLOW%
230 OUT 894.1

240 OUT 888, 0DDSIGN%

250 SWAP ODDSIGN%. TOGGLE%:

260 OUY 850,0

270 FOR SLOW%=0 TOD 1:NEXT SLOW%
280 OUT 8901

200 OUT 888 SELECT1%

300 OUT 890.0

310 FOR SLOW%=0 TD 1:NEXT SLOW%
320 OUT BED,1

330 OUT BEB,SELECTO%

340 OUT BS0.0

350 FOR SLOW%=0 TO 1:MEXT SLOW%
350 OUT B50,1

370 AEM

380 FOH BIT%=7 TO 0 STEP -1

390 OUT B30,0

400 FOR SLOW%-0 TO ©:NEXT SLOW%
410 OUT 8901

420 AD%=INP(885)

430 IF AD%<120 THEN BYTE%=BYTE%+(2"BIT %)

440 NEXT BIT%

4501F CH%=0 THEN SELECT1%=0:SELECTU%=0: CHOVOLTS=BYTE%/51
480 IF CH%=1 THEN SELECT1%a0: SELECTD%=2: CHIVOLTS=BYTE%/51
470 IF CH%=2 THEN SELECT1%s=0: SELECT(%=2: CH2VOLT3=BYTEWS)
480 IF CH%=3 THEM SELECT1%as2:SELECTO%=0: CHIVOLTS=BYTE%/S51
490 IF GH%=4 THEN SELECT1%=2: SELECTO%s=0: CH4VOLTS=BYTE%/S1
500 IF CH%a5 THEN SELECT1%=2. SELECT0%=2: CHEVOLTS=8YTE%/S1
S10IF CH%s=f THEN SELECT1%xZ: SELECTD%<=2 : CHBVOLTS=8YTE%/S1
S20IF CH%=7 THEN SELECT1%=0:SELECT0%=0: CHIVOLTS=BYTE%/51

530 BYTE%=D
540 naxt ch'%

550 PRINT USING™#%.“:CHOVOLTS, CHIVOLTS, CH2VOLTS.CHACOLTS,
CHAVOLTS,CH5VOLTS CHEVOLTS CHYVOLTS

‘initialize variablas

keep guing until a key is pressed
‘reguiator line high
Tight up the regulator
‘wait 54 msevonds 16 s1abifize
‘scan B channels
‘CS high pin 5
'CS low
‘start bit i atways high DI ling
‘clock high pin 1 of DS 25 printar
‘stretches clock pulse
‘clock ow
'8 singe endad measurements selected
‘ctock high
‘stfetches ciock pulse
‘clock fow
*pant of the channel selection string
‘topgies batwean high and low
‘chock high
‘stratches clock pulse
‘clock low
‘part dl the channel selection siring
‘cloci high
‘stretchey clock pulse
‘clock low
‘part of the channel salection string
‘clock high
'stretchas dock pulse
‘clock low
'read puiput bits
MSE is first out
‘clock high
if ace'straichas clock pulse
‘clock low
‘port BBS pin 10 7-low 135-high

73 AMATEUR RADIO TODAY
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8-CHANNEL A/D CONVERTER FOR PC CLONES (Cont.)

5
REGULATOR
SURFACE
MOUNT

ANALOG INPUTS

r— ADCORME
5 . vee
b 3
Y by I 4 1OuF
s T
a —
5 bt LED
. 777“_11 oo f—— @/
1 n
— FRINTER PORT
a gl oo . CONNECTOR
’- 9 voLt 47 10K 75
I § r—"_.—
com vagr |— + .
AGRD - o J'
r- @
COMMOR . .
GRDUND ) . *
°
S .
1ok o
— B
o a
o
.
—
-
. |

An A/D converter.-by National Semiconductor (ADC0838), converts (- to 5-V analog inputs to a
digital data format. A 9-V battery is used. The converter connects to the pointer port connector via
a 25-pin connector.
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Antenna Circuits

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

Dual-Band Loop Antenna For 80 & 160 m
VLF-VHF Wideband Low-Noise Active Antenna
VLF 60-kHz Antenna/Preamp

Simple Balun

Wideband Antenna Preamplilier

H¥ Broadband Antenna Preamp

Automatic TR Switch

Low-Power Antenna Tuner

Loop Antenna Preamplilier
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DUAL-BAND LOOP ANTENNA FOR 80 & 160 m

;-‘*-‘? ----- “ 2Ngsﬂ

FE8

—

R3
1K
" §2
00
+-
Te
1 +9V
3
*SEE TEXT
A
CONDUIT
1 INGH GAP IN BHIELD
POWER
ONCEF
GOMDUET FTTINGS
TO RECEIVER
B
POPULAR ELECTROMICS

FIG. 4-1

This anterina might help to reduce power-line noise. A plastic “hula hoop” or conduit 3 feet in di-
ameter, covered with aluminum foil as a shield is used for L1 and L2. L1 is two turns and L2 is one
turn, threaded through the loop. 51 selects 160- or 80-m operation. @1 and Q2 form a preamplifier
for the loop antenna. Do not transmit with this antenna—it is for receiving only.
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VLF/VHF WIDEBAND LOW-NOISE ACTIVE ANTENNA

4 soe taxt

noten PCB
(phantom supply) | .= __ __ T2 J

ELECTOR ELECTRONICS USA FIG. 4-2
A 30- to BO-cm whip antenna provides reception from 10 kHz to over 220 MHz. T1, a dual-gate

MOSFET, provides low noise, high-input impedance, and high gain. The circuit is powered via the
coaxial cable used to connect the antenna to a receiver.

VLF 60-kHz ANTENNA/PREAMP

. FLAT SIDE
m FRONT

g 9y
g s [ [o —?
TAPE —x l_
- ‘sr%ggc; -:‘fr" 37 MEG ot
FERRITE =0
AQODS i 4
TOSETHER ! H
1 1
TaPE : : YNIOKEM
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73 AMATEUR RADIO TODAY FIG. 4-3

Suitable for 60-kHz standard frequency reception, here is a schematic for a FET preamp and an-
tenna.
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SIMPLE BALUN

The wires must be bound tightly together,
but windings may be slightly spaced if
necessary. The diagram shows a bifilar

balun with two coils.
Ferrite rod
The wire connections for the 4:1 balun.
| |\ | { After connecting up and testing, the
‘ | . coils and ferrite rod may be located
|J 1\ ! \\ | inside the-plastics film container.

i

50258

3 pin

An example of a 4:1
bifilar (a), and (b) a A c
1:1 trifilar balun.
50/75
ohms Plastics
film box
B
Cc
50/75 50/75
ohms chms
B
PRAGTICAL WIRELESS FIG. 4-4

An old ferrite rod from a juriked broadcast receiver can be used Lo construct an antenna balun,

as shown,
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WIDEBAND ANTENNA PREAMPLIFIER

Lt l BU @
€1
20 |
BuU2 22n BU3

nH cer c2
: i—-e
820p

909514 - 12

BUS
c3 I\ ca
2 7
i S q{e
;3& 3,4 YA
5.6
B

ELEKTOR ELECTRONICS FIG. 4-5

This wideband antenna preamplifier has a gain of around 20 dB from 40 to 860 MHz, covering
the entire VHF, FM, commercial, and UHF bands. A phantom power supply provides dc to the pre-
amp via the coaxial cable feeding the unit.
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HF BROADBAND ANTENNA PREAMP

1600 kHz 32 MHz
HIGH-PASS FILTER LOW-PASS FILTER
N ~
Ve S/ —\
J1 Ct cz2 c3 L4 LS
INPUT 002 .U(I‘F 002 3pH 3uH

11

RECEIVER @
INTERFACE
BOX o

TO EXT.
POWER O~~~ ¢——--
(SEE TEXT) o

A

Rt
INO AWy © OuT

R2 4 R3
91003 9100

vy
Adh
vy

w ¢

POPULAR ELECTRONICS FIG. 4-6

The HF/SW receiver preamplifier is comprised of a broadband toroidal transformer (L1-a and
L1-b), LC network (comprised of a 1600-kHz, high-pass filter and a 32-MHz, low-pass filter), L2 and
L3 (26 turns of #26 enameled wire wound on an Amidon Associates T-50-2, red, toroidal core), a pair
of resistive attenuators {(ATTN1 and ATTNZ), and a MAR-x device.

Shown here is the composition of a basic 1-dB pi-network resistor antenuator. This is the
method of supplying dc power to a preamplifier using only the RF coax cable,
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AUTOMATIC TR SWITCH

LR L1

’{FTW\T_( ANT
i I“ C‘I Two Mater

Antanna
Conngction

AIG >

Two Meiar
Transceivar
Canneclion N2
o1, D2

i3

CNY¥TR  Receiva Canvertar Connaction

D Indicates Wikinson Hybrd section - See texi lor discussion

€1, C2 - 39pF mica caps

D1, D2 - 1N914, 1N4148 5| Diodes

LY - 2turns # 18 linned wire, 144 inch iD, 0.2 inch long

11, 112 and [13 consist of 75 £ coax gections, 1/4 wave @ the center of the
transceiver ransmitter band typicaliy 147 Mhz.

T and [13 ane combingd in one coninuauy length of cable - 1/2 wavelength total,
Sas text lor additionad discussion.

A

73 AMATEUR RADIO TODAY

LI
—Eﬁj—* RIG
Twa Matqr
T Transceiver
Connection
L1
ANT
> <1
Antonna
Connection I I
nz
DI, D2
~
CNVTR
Scannar Conneclion

€1, G2 - 39pF mica caps

D1, D2 - 1N914, 1N4148 5i Diodes

LY - 2tums # 18 tinned wire, 1/4 inch 1D, 0.2 inch Jang

M1, T2 and [13 consistaf 75 L1 coax sections, 1/4 wave at 1he cemer ol the
ranscolver transmittar band typically 147 Mhz.

1 and 113 are combined in one continuous length of cable - 1/2 wavelsngth total.
Sae toxt for additional discussian,

FiG. 4-7

A pair of diodes and a quarter-wave transmission line are used as an automatic TR switch. D1
and D2 conduct during transmit periods, short-circuiting the scanner input. In this mode, the 4-wave
line appears as an open circuit. In receive, the circuit acts as a Wilkinson power divider.
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LOW-POWER ANTENNA TUNER

BUH #—w':- This antenna tuner is suitable for use with

H [2“1 v :7 °?“; g ; v ; v ) low-power (less than 5 W) transmitters or SW re-

19| (5| (11} 17| (3|0 ceivers. 52 selects inductance and S2 connects

l the 365-pF capacitor to either the transmitter or

52 the side of the inductor. The tiny tuner is com-

prised of a tapped inductor (L.1) and a variable

[ — o— b capacitor (C1), which is connecte.d to the induc-

I 60 tor through a center-off SPDT switch (S1). That

0 switch arrangement permits the capacitor to be

p " connected to either the input or the output of
ANTENNA the circuit.

1993 ELECTRONICS HOBBYISTS HANDBOOK FIG. 4-8

LOOP ANTENNA PREAMPLIFIER

Q2
Gl NPN
MPF102 2N3904, ETC. o) QUT TO

Q.01 "RCVR

G SD cHE
MPFIQ2 NPN
PIN QUTS - BOTTOM VIEW

73 AMATEUR RADIO TODAY FIG. 4-9

This preamplifier has a built-in regeneration control boost gain selectivity. C1 is a single or multi-
gang AM broadcast-band tuning capacitor. L.l is a ferrite loop antenna, tapped at about 15 to 25% of
total turns. This circuit should prove useful for low-frequency {up to 3 MHz) reception, where a loop
would be advantageous to reduce man-made noise pickup.
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5

Audio Power Amplifier Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
6876, The figure number in the box of each circuit correlates to the entry in the Sources section.

20-W + 20-W Stereo Amplifier 10-W Inverting Composite Amplifier
40-W Amplifier LM380 Personal Stereo Amplifier
Half-Watt Single-Channel Audio Amplifier Subwoofer Amplifier

Dual Audio Amplifier 18-W Bridge Audio Amplifier

A 70-W Composite Amplifier Subwoofer Crossover Amplifier

A 33-W Bridge Composite Amplifier Audio Power Amplifier

MOSFET Power Amplifier Fasi High-Voltage Linear Power Amp
10-W Noninverting Composite Amplifier Single-Chip 40-W Amplifier
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20-W + 20-W STEREQ AMPLIFIER

Voo Dif AT | o C1,€2,C12.C13 ..... 4.7 pF Elec-
LR @ iRy tralytic Capacitor
M2 : : 1+ A 10 ?rs Adik £3,04.C5,C6,
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s |4 w b C16,C17,C18,C8,
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/!%_1 { T Cc11 ... 3300 pF, 25V Elactro-
“ P v Iytic Capacitor
1\ LAY 44 | ) S 3 Amp Rectifier
- * ol o M LT Red LED
GROUND = R1, R11 .. 47 chm, 1 watt Resistor

R2, Rt2 .. 33K, 1/4 watt Resistar
R3,R5,R13,R14 ...... 12 obm, 1/4

E
¥
|
@ >
3
=
—
33
=
2x

R12 e LLIEY watt Resistor
LT J b= S G Ay R4,R19.. T20K, 1/4 watt Resistor
o 1 = 1 W R6,AT5 .. 2K. 1/4 watt Resistor
GHD c};l-*‘“ Ri3 R7,R16.. 1K, 1/4 watt Resistor
. 2,3 wr 21 T 680 ohm, 1/4 watt
s 7 _ty $r Resistor
Arete e ol N 5P RO,A10,R17,K16 ... 3ohm, 1/4
_ o watt Resistor
4 +.,=’ v s £1,P2 ... 50K Dual Potentiometer
T Y o RIE IC1,IC2 NEC70001AB Amplifier
k.
1991 PE HOBBYIST HANDBOOK FIG. 5-1

The 20-W + 20-W stereo amp consists of two complete, separate 20-W RMS bridge-type ampli-
fiers. The input signal source is brought into the amplifier through the voltage divider network, which
is made up of R1, R2, and P1. Resistor R1 provides a load impedance between the signal source and
ground. Resistor R2 couples that signal to potentiometer P1.

The signal is coupled by capacitor Cl to the noninverting {+) input (pin 1) of internal amplifier
(A) of IC1, where the signal is greatly amplified. Capacitor C2 couples the {+) input of the other (B)
internal amplifier of IC1 to ground. That causes the input signal, which is referenced to ground, to be
coupled to both amplifiers because both the inputs and outputs of IC1 {A) and IC1 (B) are connected
in a bridge configuration. Notice that the output of IC1 (A) from pin 10 is connected to one side of
the speaker and the output of IC1 (B) from pin 8 is connected to the other side of the speaker. That
is why the speakers used cannot have one side connected to ground. Resistors R6 and R7 set the gain
of the amplifier. Resistors R9 and R10 and capacitors C9 and C10 provide frequency stability and pre-
vent oscillation. Capacitors C6 and C7 provide “bootstrapping,” which prevents distortion at low fre-
quencies. LED L1 lights up by way of a series resistor connected from the anode to +12 Vdc when

‘power is applied.

Fower for both IC1 and ICZ2 is brought in through D1 (to protect amplifiers from reverse polar-
ity). Capacitor C11 provides additional power supply line filtering. This booster is capable of pro-
ducing 20 W RMS output out of each channel.
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40-W AMPLIFIER
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ELECTRONICS NOW FIG. 5-2

This circuit uses two LM1875 devices and a dc servo loop. This circuit provides 40-W output. IC3
and IC5 must be heatsinked.

HALF-WATT SINGLE-CHANNEL AUDIO AMPLIFIER .

c1
4.7 uF
o410 uF
Input
Ay
10K4 220 uF This circuit uses an LM386 IC and will work
3 from 6- to 12-V battery sources. Output is about
0.5 Winto 8 .

ELECTRONICS NOW FiG. 5-3
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DUAL AUDIO AMPLIFIER
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FIG. 5-4
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A 70-W COMPOSITE AMPLIFIER

DC SERVO v R2 DUAL-INVERTING
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DUAL-INVERTING
m_'cz(_s COMPOSITE-AMP B
47pF

+25V

R24 +15V

R32

A26
TMEG

——— A i o — — — — = e

vy

vy

ouTPUT

Four LM1875 devices, suitably heatsinked, and a +25-V supply, 70 W of output are available
from this circuit. IC86 is a phase inverter.

FIG. 5-5
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A 33-W BRIDGE COMPOSITE AMPLIFIER
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ELECTRONICS NOW FIG. 5-6

Two LM1875 ICs provide 33 W of audio. IC4 is used as a phase inverter. IC6 and IC2 must be
heatginked.
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MOSFET POWER AMPLIFIER

IFRE20
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303 CIRCUITS FIG. 5-7

Two complementary MOSFETs are used to
deliver 20 W into 8 . A TLO71 op amp is used as
an input amplifier. The MOSFETs should be
heatsinked with a heatsink of better than 5°CG/W
capability. THI) is less than 0.15% from 100 Hz to
10 kHz.

10-W NONINVERTING COMPOSITE
AMPLIFIER

X5 ce
10uF T 10f

= uTPLT
Ic2
iy A

FiG. 5-8

ELECTRONICS NOW

By using an LM1875, suitably heatsinked, a
10-W amplifier that uses two IC devices can be
built. IC2 must be heatsinked.

10-W INVERTING COMPOSITE AMPLIFIER

+18Y

+16%

INPUT ouTPUT

&

A4
1MEG 3

ELECTRONICS NOW FIG. 5-9

Using an LM1875, a 10-W amplifier can be
build using just two IC devices. The gain = R /R,
Note that IC12 must be heatsinked.
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LM380 PERSONAL STEREO AMPLIFIER

» 9-15V
c3
2.24F
CHANNEL 1
POWER AMP  O———rf——
INPUT
SPKR1
5 -
k¥ 8
= 9-15V
c4
2.2uF
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POWER AMP O] ——— -
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RIG &, 80
50K >
B
1987 R-E EXPERIMENTERS HANDBOOK FiG. 5-10

With the simple circuit, you can use your personal stereo to drive standard 8-Q speakers.
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SUBWOOFER AMPLIFIER

0
CROSSOVER
CUTPUT +35v c2
YD 22
01 K ‘v‘v‘v ~O-
:j; 1.0 * 1£r R7 '--*>-'f"!'
aoy 470Q t_‘
W
1 1
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R4 4 21Q
6.04K Tow
- rew *
s
— Rg. cs. QF’:j‘
8200 4700 *
1w + Rg ]
+35V - ‘v‘v‘v 47K _rg K‘l
*SEE TEXT =
POPULAR ELECTRONICS FIG. 5-11

Designed to feed a low-frequency subwoofer speaker system, the amplifier is capable of up to
100 W into an 8-Q load. The OPA541BM op amp requires heatsinking and is manufactured by Burr-
Brown Corporation. A damping control and a relay to eliminate turn-on and turn-off thump in the

speaker is included.

18-W BRIDGE AUDIO AMPLIFIER

18-WATT BRIDGE AMPLIFIER

A
$PKA?
7 ’E i j“?z“

POPULAR ELECTRONICS FIG. 5-12

Two LM383 IC devices are used in a bridge circuit that is useful for auto sound applications.
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0%

SUBWOOFER CROSSOVER AMPLIFIER

T(Lomz sy S R
HEADP ) $ 102K
., HIGH PASS QUTPUT
E (NOT USED}
LOW PASS OUTPUT
TO

b POWER AMPLIFIER

RADIO-ELECTRONICS FIG. 5-13

The electronic-crossover circuit contains a surnming amplifier that combines the left and right channels from a stereo’s head-
phone jack. Originally used in a subwoofer system, the above circuit might be useful in similar audio applications.




AUDIO POWER AMPLIFIER

' 12V
a1 +
i C3
2N3964 470
R2 R5
¥ K 20K
AF .vAvAv ‘v v ]
Ny 2L R v 1 470
. 1K K
O—) * AV 2 \ 7 6 +
3 U1 J
+12V + Il ——
12:';( = SPKR1
R4 - 19
10K a2
ZN3906
POPULAR ELECTRONICS FIG. 5-14

The circuit, built around an LM741 op amp configured as an inverting amplifier, is used to drive
complementary transistors (@1 and Q2). The op amp’s feedback loop includes the base-emitter
junctions of both transistors—an arrangement that helps to reduce crossover distortion that would
normally occur as-a result of the emitter-to-base junction veltage drop of about 0.6 V. Potentiometer
R5 varies the amplifier's voltage gain from 1 to about 20, As much as (.5 W can be obtained from the
circuit if a heatsink is added to the transistors.

FAST HIGH-VOLTAGE LINEAR POWER AMP

1000 100k

ELECTRONIC DESIGN FIG. 5-15

An Apex PB50 Booster Amplifier, plus an IC op amp, can be used in a high-voltage op amp that
converts a small analog signal to a 180-V p-p signal,

Apex Microtechnology manufactures a number of power op amps. The above circuit uses a PB50
booster ampiifier to deliver a 180-V p-p signal into a 90-Q load, from a +100-V supply.
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6

Audio Signal Amplifier Circuits

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

52

Headphone Amplifier

Audio Line Driver

Constant-Volume Amplifier

Mini Amplifier Using LM1895N
Audio Amplifier with Tuneable Filter
Audio Compressor

JFET Headphone Amplifier

Dual Preamp

Magnetic Pickup Phono Amplifier
Audio Booster

Audio Volume Limiter

Audio Distribution Amplifier



HEADPHONE AMPLIFIER
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303 CIRCUITS FIG. 6-1

Built around Precision Monolithics Inc. OP-50 op amps, this amplifier will drive 100-€2 to 1-k
headphone, is flat within 0.4 dB from 10 Hz to 20 kHz, and has a THD of less than 0.01% over most
of the audio range. Amplification factor is about 6X.
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AUDIO LINE DRIVER

R2 0= u2w 87459
¥ = see text

303 CIRCUITS FIG. 6-2

This line driver can drive low-impedance lines with up to 70} V p-p max. IC1 is a low-noise op amp
suitable for +15-V operation. T1 and T2 are regulators for the power supply for IC1. T3 and T4 form
a coraplementary power output stage. Frequency response is flat up to 100 kHz.
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CONSTANT-VOLUME AMPLIFIER

& - O +H12V
10 kM % J
82 k(1 fa_2Nso04
10 uF
MPF102 +
o— 2N3565
10 uF
16V
+—f 2 Output

%2.2 ke
33 k2

WILLIAM SHEETS

The amplifier has an output level that shifts about 6 dB for a 40-dB input variation.

FIG. 6-3

MINI AMPLIFIER USING LM1895N

W3-8V
5@
nzf.
b 4?”09 ce
n
o Taw

10k

With 3-V to 9-V supplies, this amplifier can

9V at maximum signal conditions.

-~

303 CIRCUITS FIG. 6-4

provide from 100-mW to 1-W output into a 4 Q
and bandwidth is approximately 20 kHz @ 3 dB.
This circuit is useful for low-power and battery
applications. Drain is 80 mA @ 3 V or 270 mA @
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AUDIO AMPLIFIER WITH TUNEABLE FILTER
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POPULAR ELECTRONICS FIG. 6-5

This audio amplifier can tune from 500 to 1500 Hz and will drive a speaker or headphones. Use-
ful for CW reception or other receiver applications, only two IC devices are needed.
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AUDIO COMPRESSOR

=
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303 CIRCUITS FIG. 6-6

This compressor will compress a 25-mV p-p to 20-V p-p audio output to input levels remaining
between 1.5V p-p to 3.5 V p-p, and has a frequency response of 7 Hz to 67 kHz. It is suitable for au-
dio and communications applications.

JFET HEADPHONE AMPLIFIER
+12V
4.7 k}
A
———
Aud!u o_.__| Hi-z
in
01 »F ohone.
- + P
1MQ 22 kN 10|J.F =
Log taper 16V
— volume
WILLIAM SHEETS control = FIG. 6-7

This circuit can drive high-impedance headphones from a low impedance low-level source. Gain
is about 5X to 10X depending on headphone impedance. A volume control is included.
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DUAL PREAMP
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1987 R-E EXPERIMENTERS HANDBOOK FiG. 6-8

If you wish to amplify low-level signals, such
as the output of a turntable, the signal must first
be fed to this preamp.

MAGNETIC PICKUP PHONO AMPLIFIER
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POPULAR ELECTRONICS FIG. 6-9

This preamp is RAA compensated for use
with magnetic phone cartridges.

AUDIO BOOSTER
5t
O— 4 9V
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VED1| 2700 .
5
c1
{051
INo—)—1
Ri1
47K out

POPULAR ELECTRONICS FIG. 6-10

This circuit has a maximum gain of about 22
dB (voltage gain), and it can be used for miscel-
lancous audio circuits.
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AUDIO VOLUME LIMITER

1£1-h

v> NE§532 R3
6 100K
AN
‘V""‘V
R4 re
J30K 100pF Ca
e
5 7 J2
I | ) 22uf QUTPUT
Ji + + v: NE§532 * I
INPUT < R? M 6
3 I 1001}
TR souF o 10K 2k 1
1992 R-E EXPERIMENTERS HANDBOOK FiG. 6-11

IC1-ais connected as an inverting amplifier whose gain is controlled by the LDR portion of an op-
tocoupler.

AUDIO DISTRIBUTION AMPLIFIER
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POPULAR ELECTRONICS FIG. 6-12

Three low-Z audio outputs are available from this circuit, using a quad TL084 FET amplifier. The
input is high impedance. V... can be 6 to 12 V for typical applications.
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7

Automatic Level Control Circuits

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

Digital Automatic Level Control (ALC)

AGC System for Audio Signals
ALC (Automatic Level Control)
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DIGITAL AUTOMATIC LEVEL CONTROL (ALC)
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73 AMATEUR RADIC TODAY FiG. 7-1

This approach to automatic level control (ALC) makes use of digitally switched audio attenuators in the signal path. The out-
put level of the system is sensed, compared to a reference, and audio pads are ingerted via analog switches. This method is nearly
instantaneous and €liminates the compromises necessary in conventional RC network ALC systers using fast attack, slow-decay
approaches.




AGC SYSTEM FOR AUDIO SIGNALS
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This circuit is an AGC system for audio-fre-
quency signals. AGC systems usually consist of
three parts: an amplifier, rectifier, and controlled
impedance. In this circuit the functions of an am-
plifier and a rectilier are performed by a single op
amp. This makes the systern simple and cheap.

The rectifier is made with the output push-
pull cascade of the op amp and R, R,, and Cp
The transistor @1 and D1 are used as a voltage-
controlled resistance (Z). The input signal is (£
+ R }/Z times, diminished by the voltage divider
and 1 + E,/R| times, amplified by the op amp. C2
eliminates influence of de bias voltage. R3 pro-
tects Q1 and D1 from excessive current.

ALC (AUTOMATIC LEVEL CONTROL)
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1989 RF COMMUNICATIONS HANDBOOK FIG. 7-3

The rectifier input is tied to the input. This
makes gain inversely proportional to input level
so that a 20-dB drop in input level will produce
a 20-dB increase in gain. The output will remain
fixed at a constant level. The circuit will main-
tain an cutput level of =1 dB for an input range
of +14 to —43 dB at 1 kHz. Additionsl external
components will allow the output-level to be ad-
Jjusted.
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Automotive Circuits

The sources of the following circuils arc contained in the Sources section, which begins on page
675. The figure number in the box of each circuit correlates to the entry in the Sources section.

CD Ignition System for Autos

Brake and Turn-Signal Light Circuit

Vehicutar Tachometer Circuit

Smart Turn Signal

Manual Headlight/Spotlight Control for Autos
Thermostat Switch for Automotive Electric Fans
Flashing Brake Light

Power Controller (for Aulomotive Accessories)
Automative Power Adapter for de-Operated Devices
Time-Delay Auto-Kill Switch

Booster Amplifier for Car Stereo Use

Auto Turn-Signal Rerninder

Headlight Flasher

Automotive Audible-Turn Indicator
Engine Block Heater Minder
Headlights-On Reminder

Brake and Turn Indicator
Lamp-Switching Circuit

Automatic Turn-Off Control for Automobiles
Alternator Regulator

Auto Generator Regulator
Lights-On Reminder

Auto Fuse Monttor

Headlight Alarm
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CD IGNITION SYSTEM FOR AUTOS
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POPULAR ELECTRONICS FIG. 8-1

At the heart of the C[}4-MX is an astable multivibrator, built around Q1 and Q2, that feeds step-up transformer T1. The out-
put of T1 is rectified by D3 to D6 and used to charge capacitor C4. When the points close, a small voitage is fed to the gate of 3CR1,
causing it to fire, dumping the charge of C4 to the vehicle’s ignition coil. The circuit also contains optional subeircuits to accom-
modate different types of auto ignitions.

X, +and X, — are alternative trigger configurations for nonpoint breaker ignition systems. R6 is not used for these systems
and must be removed. Optocoupler U1 ¢an be used (pin 4) in conjunction with X 15— 0r X + depending on polarity of sensor. Note
that 60 to 70 kV is available from this system, so observe suitable safety precautions.




BRAKE AND TURN-SIGNAL-LIGHT CIRCUIT

TO BRAKE
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POPULAR ELECTRONICS
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FIG. 8-2

This circuit enables single-filament, tail lights to serve as combination brake lights and turn signals.

VEHICULAR TACHOMETER CIRCUIT
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WILLIAM SHEETS N FiIG. 8-3

In this automotive application, the 555 is a pulse counter. IC1 regulator provides proper operat-
ing voltage for IC2. This circuit is for vehicles with conventional breaker points,
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ELECTRONICS NOW
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SMART TURN SIGNAL

BRAKE-ON
RAKE O FLASHER ¢

TO FLASHER
L TERMINAL ®=: Rt | FT X TERMINAL
Tk = &+
4
wer |3 @
565 |2
1
D2
1 1||m]
mi
ToP BOTTOM 1«
|-—SOURGE c
Q| &2 |——pRaN plo o
—GATE 8

STS schematic. The Q2 gate voltage increases with the charge on C3. After
15 seconds of charging, the buzzer will warble. As the charging continues,
the sound will grow fouder.

61 RESET

........... AFTER 10-15 SECOND DELAY,
BZ1 BECOMES AUDIBLE.

N

1]
i
TURN SIGNAL TURN SIGNAL
ON OFF

Circuit waveforms. Point A shows the signal from the flasher. The voltage
at point D will increase as long as the pin-3 output of IC1 (point C) remains
high. The C1-R2 time constant (point B) determines how long the output
will be high.

FiG. 8-4



SMART TURN SIGNAL (Cont.)

SMART
TURN SIGNAL

x BEEPER
+12vDG

i PULSE LOUDNESS
o ‘S"’T‘;')P : DETECTOR CONTROL 2

+INOC LIGHTS N ; D
t——o"oo-——--—-i-—_ ------------------------------- -

Flasher terminal L connects to the load and X connects to the 12-volt supply.
When the driver engages the turn signal, the L terminal voltage varies with
the blinking lights. The STS senses the changing voltage and, after 15 sec-
onds, it applies power to a buzzer through a current-limiting device to
control loudness.

C

This circuit.reminds a driver that his turn signal has been left on for more than 15 seconds.
When stopped for a light, the brake-on signal holds the warning off.

y

MANUAL HEADLIGHT/SPOTLIGHT CONTROL FOR AUTOS
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WILLIAM SHEETS FIG. 8-5

Pressing the START pushbutton turns on either the headlights or spotlights for a predetermined
time. After 1 minuie (R1 and C1 determine this), the lights will shut off as the NE555 completes its
cycle.

67



89

THERMOSTAT SWITCH FOR AUTOMOTIVE ELECTRIC FANS
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SILICON CHIP FIG. 8-6

The circuit is based on a commercial temperature sensor (T'S6178) and an MC3334P ignition chip, When the radiator tem-
perature increases, the sensor pulls the base of Q2 low via Q1, which is wired as a diode. Q2's collector thus goes high and trig-
gers IC1, which switches its pin 7 output high and turns on the fan motor via Q3.




FLASHING BRAKE LIGHT
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1890 PE HOBBYIST HANDBOOK FIG. 8-7

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

When Ul’s cutput goes 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. Oscillation continues until the
gate-threshold voltage of SCR1 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 out-
put switches to a low state, which makes Q1 conduct, turning on It until the brakes are released. Re-
moving power from the circuits 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.

Bear in mind that the collector/emitter voltage drop across @1, along with the loss across the se-
ries-fed diodes, reduces the maximum available light output. If the electrical system is functioning
properly (at 13 to 14 V for most vehicles), those losses wilt be negligible.
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POWER CONTROLLER (FOR AUTOMOTIVE ACCESSORIES)
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ELECTRONICS NOW FIG, 8-8

Because the power controller is powered from the vehicle’s accessory switch, the load can re-
ceive power orily when the ignition key is on. Using half of a dual flip-flop (CD4013), a load of up to
10 A is controlled by a momentary pushbutton. This circuit was-originally intended for automotive
power control, but could have other applications as well.

AUTOMOTIVE POWER ADAPTER FCR dc-OPERATED DEVICES

v |0
| LM317 g =
L
o ADJ $ 2400 PL2
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A SR U 22
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ouTPUT 0 $ A v ] ev
INPUT $15K st

1993 ELECTRONICS HOBBYIST HANDBOOK FIG, 8-9

In the schematic diagram for the car-power adapter, note how the value of R, (which is R1 and
S1 in the center position) is changed by putting R3 or R4 in parallel with R1.
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TIME-DELAY AUTO-KILL SWITCH
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TIME-DELAY AUTO-KILL SWITCH (Cont.)

The automobile delayed kill switch is simple in concept. When you get out of your car, a secretly
located pushbutton switch is pressed. Nothing apparently happens, but at the end of a predeter-
mined time, a relay is pulled in and locked. When the relay is pulled in, contacts open, and the hot
lead from the ignition to the coil and the hot wire from the key switch to the starfer solenoid is
opened or disconnected, If the engine is running, it stops immediately and the starter will not oper-
ate. When you get into the car, another pushbutton switch is pressed and the relay drops out and
everything goes back toc normal.

BOOSTER AMPLIFIER FOR CAR STEREOQ USE
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1890 PE HOBBYIST HANDBOOK FIG. 8-11

Only one channel of this circuit is shown. The other is practically a carbon copy.

The input to the circuit, taken from your car radio’s speaker output, is divided along two paths;
in one path, a high-power divider network {consisting of R8 through R10) provides 4.5-£ resistance
to make the circuit’s input impedance compatible with the output impedance of the car radio. In the
other path, the signal is fed to the input of Ul through resistor LR7, trimmer potentiometer R21, and
capacitor C2. Together, R7 and R21 offer a minimuin resistance of 27,000 €.

Integrated circuit Ul (a TDA-2004 audio power amplifier) amplifies the signal, which is then out-
put at pins 8 and 10 and fed to the loudspeaker. Note: This amp is designed for use only with car radios
whose speaker outputs are referenced to ground: do not use it with radios that have balanced outputs.
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AUTO TURN-SIGNAL REMINDER
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POPULAR ELECTRONICS FIG. 8-12

This circuit counts turn signal flashes. At the end of about 70 flashes, a chime sounds to remind
the driver to turn off the turn signal. By using various taps on U2, the period can be changed if de-
sired. BZ1 is a buzzer or chime module.
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POPULAR ELECTRONICS FIG. 8-13

The headlight flasher is nothing more than a 555 oscillator/timer that’s configured as an astable
multivibrator {oscillator). Its input is used to drive the gate of an IRFB3IND hexFET, which, in turmn,
acts like an on/off switch, turning the lamp on and off at the oscillating frequency (1 Hz).
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AUTOMOTIVE AUDIBLE-TURN INDICATOR
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This little circuit should be useful to the

hearing impaired. It produces a tone each time a
dashboard turn indicator lights. The tone drops
in frequency for as long asthe indicator is lit.

ENGINE BLOCK HEATER MINDER

POPULAR ELECTRONICS FIG. 8-15

If you live in the frozen north, knowing your
engine-block heater is working is a comfort. This
device will let you know if yours is okay. Plug in
PL1 to your power outlet. NE1 should lght.
Then, plug in.the block heater. Depressing S1
should cause the indicator to get brighter., If not,
your block heater might be open and inoperative.

HEADLIGHTS-ON REMINDER

BRAKE AND TURN INDICATOR
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POPULAR ELECTRONICS FIG. 8-16

This circuit will sound alarm BZ1 if the igni-
tion is turned off with the headlights on.
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POPULAR ELECTRONICS FIG. 8-17

This might be a quick solution to getting the
two-wire truck harness to support both turn and
braking indications.
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LAMP-SWITCHING CIRCUIT
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A normally open pushbutton switch (S1) delivers a positive input pulse to pin 4 of 171, triggering
the IC into action. The output of Ul at pin 6 supplies base-drive current to a Darlington pair com-
prised of Q1 and Q2, activating K1, A 10-uF capacitor and any resistor value of from 1 to 10 M can
be used as the timing components.

To use the circuit on an auto’s headlights, connect the relay’s normally open contacts across the
car's headlight switch and press S1 to extend the on time. In connecting the circuit o control an ac-
operated lamp, turn off the ac power and connect the relay contacts in parallel with the lamp’s power
switch contacts.

AUTOMATIC TURN-OFF CONTROL FOR AUTOMOBILES
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When the ignition switch is on, relay K1 is energized continuously, and the headlights can be
turned on. Turning off the ignition turns on timer IC1,which keeps IC1 energized for a time deter-
mined by R1 and C1. With the values shown approximately a 1 minute delay will result. The values
of R1 or C1 can be changed to vary this delay time.
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AALTERNATOR REGULATOR
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RADIO-ELECTRONICS FIG. 8-20

This alternator regulator uses a 3-transistor de amplifier, and is designed for a “pulled up” field
system, where one side of the alternate field returns to the +12-Vsupply, and the other end is pulted
toward ground. The circuit monitors the state of the battery through a resistive divider and causes
the voltage to change at the field ferminal.

AUTO GENERATOR REGULATOR
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RADIO-ELECTRONICS FIG. 8-21

This regulator is for the purpose of controlling a dc generator. The field configuration is that one
side of the field is grounded. D4 prevents the battery from discharging through the generator and
takes the place of the mechanical cut-cut relay. R10 adjusts the system voltage setting.
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LIGHTS-ON REMINDER
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FiG. 8-22

Arelay and two diodes are all that is necded—
the relay performs the job of a buzzer so no annun-
ciator is required. When the lights are left on, but
the ignition is off, the normally closed relay con-
tacts are in series with the relay coil. That means
the relay interrupts its awn power each time it be-
comes active, so it chatters and acts like a buzzer.
This is a real minimalistic headlight reminder, It
doesnt even require an annunciater because the
relay acts as buzzer,

POPULAR ELECTRONICS

AUTO FUSE MONITOR
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WILLIAM SHEETS FIG. 8-23

This circuit can quickly check a fuse in an
automobile circuit. Connect across suspected
fuse—either LED glows, fuse is blown. The cir-
cuit must be live for this test to work.
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1989 R-E EXPERIMENTERS HANDBOOK FIG. 8-24

The base of Q1 is connected to the car’s igni-
tion circuit; the easiest point to make that connec-
tion is at the ignition switch fuse in the car's fuse
panel. Also, one side of the piezoelectric buzzer is
comnected to the instrument-panel light fuse;
when the headlights or parking lights are on, the
instrurnent panel is lit, too. When the headlights
are off, no current reaches the buzzer. Therefore,
nothing happens. What happens when the head-
lights arc on depends on the state of the ignition
switch. When the ignition switch is on, transistors
Q1 and Q2 are biased on, effectively 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 bi-
ased on. The resull is that the voltage across the
piezoelectric buzzer and the LED is sufficient to
cause the buzzer to sound loudly and the LED to
light.




9
Battery Charger Circuits

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

Lead-Acid Trickle Charger
RF¥-Type Battery Charger

Battery Charger

Solar-Powered Battery Charger
Intelligent, Battery-Charging Circuit
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LEAD-ACID TRICKLE CHARGER
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POPULAR ELECTRONICS FiG. 9-1

The charger can be used as a stand-alone charger or for emergency lighting and burglar alarm
systems using lead-acid batteries.

RF-TYPE BATTERY CHARGER ’

This type ol charger couples RF from L2 to an external pickup coil. The pickup coil connects to
a rectifier and battery to be charged. This idea is handy because no wire or contacts are required. L2
is 10T #24 wire and L3 is 10T #30 wire. Both coils are mounted on a 1" x 4" ferrite rod.
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1992 R-E EXPERIMENTERS HANDBOOK

FlG. 9-2
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BATTERY CHARGER
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POPULAR ELECTRONICS FIG. 9-3

The circuit is capable of supplying either a trickle (50 mA) or high-current (1-A) charge. You can
select either charging method or an automatic mode that will first trickle charge a battery if it is par-
ticularly low before switching to high-current charging.

If the battery’s voltage is low, Zener-diode D5 will not conduct sufficient current to produce a
voltage drop across R6 to turn Q2 on. With Q2 off, R4 pulls the base of Q1 high, turning it on. That
activates K1. With K1 active, the only thing between the battery and the power supply is R2 and )4
{which prevents current from flowing through the circuit from the battery).

Once the battery charges a bit, the current through D5 increases, causing a voltage drop across
R6 that is of sufficient magnitude to turn on Q2. Transistor @2, in turn, grounds the base of Q1, keep-
ing it off, With Q1 off, K1 remains in its normally closed state. That places R1 in series with the bat-
tery, thereby reducing the current to a trickle.
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SOLAR-POWERED BATTERY CHARGER

vin *——e —t Y Y Y e 3 -——o Vout
3.50 -11.00 o ve | | “swih &L L aov
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10.0 yF I 1 gng

= LM1577K-12/883 Feedback = <l
Comp W

Ce r Simple Switcher

470 oF
Rc _|_ Ground

2.20K =

NATIONAL SEMICONDUCTOR

FiG. 9-4
A National Semiconductor LM1577 IC is used in a step-up regulator to charge Nicad batteries
from a solar panel.

INTELLIGENT BATTERY-CHARGING CIRCUIT

N
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~ ‘LED
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$5600 —@Naea&
Ni-Cd *
.; it RCG +VIN

o Lo Ay gj-\,l
o .

*Value of current
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depends on the
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O\C))N/O FF ECG5400
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Low
battery
LED

ey

F
+V OUT 0— 500K 3
- ON2222

Ground &

RADIO-ELECTRONICS

FIG. 9-5
Intended for a Nicad application this charging circuit can be used with a wide range of batteries.

A low-battery detector is intended. The trip voltage is set via the 500-kQ pot. Select R for the bat-
tery you intend to use.
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Battery Test and Monitor Circuits

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

Battery Tester

Car Battery Tester for Cranking Amps
Supply Voltage Monitor

‘Battery Watchdog

Battery Test Circuit

Battery Voltage Monitor

Battery Saver Circuit

0-2-A Battery Current Monitor with Digital Output
Car Battery and Alternator Menitor
Relay Fuse for Battery Charges
Bargraph LED Batllery Tester

g2



BATTERY TESTER

10 BATTERY P Y
UNDER TEST I ARG R3S CTE 3 o RS
—_— e AAA |
+ ™
\o a2 4
B I ¢
o OFF rm—»—-':
& . U Ly
81 | Re% 2 4 =
4 - o
OFF 0 )
Pld Pry PIg Pid P52
{3 \ﬁ EXnc s dnc BB
1991 PE HOBBYIST HANDBOOK FIG. 10-1

The battery tester uses four transistors and two LEDs to indicate the condition of any battery you
want to test. Q3 and Q4 are connected in a Darlington configuration that has extrermely high gain. LED
L2 lights when a small positive potentiat appears en the base of @3. Transistors @1 and Q2 form a direct-
coupled de-amplifier circuit. The cutput of this stage drives the red LED L1. Rotary switch S1 is used to
select different ranges (which have been previously set by adjusting trirumer resistors P1 through P5).

The positive (+) lead goes through the selected contacts of S1 to the biasing resistors R3, R4,
and RS, The negative (-} lead of the battery under test goes to the ground or common lead of the
circuit and the (+) side to one side of F1 through P5.

L1 Red LED

L2 Green LED

F1 through P5 5-kQ trimmer resistor

R1 100 kQ

R2,R3 33 kQ

R4, R& 470 Q

R6 12Q1W

Sl 2 P6 position NS rotary switch
52 NO pushbutton switch

Depending on the position of S1, a particular trimmer resistor (wiper lead) is selected. That lead
goes through the contact on 81 to resistor R1 and into the base of npn transistor Q1. If the battery
is good enough, (+) voltage goes to the base of Q1, turning it on. This turns Q2 off, which then al-
lows Q3 to turn on. That causes Q4 to turn on and light green LED L2.

If the battery is weak, Q1 will not turn on, which will cause Q2 to be biased on by R3, which in
turn lights red LED LI, When Q1 is on, it biases the base of Q3 negative, and causes Q3 to be turned
off. That prevents L2 from turning on.

The circuit operates in the same manner for all ranges except the first two, where a 9-V battery
has been added by S1 to be in series with the input voltage to allow for testing of very low voltage
batteries. That is because af voltages below 2 Vde, LEDs will not light and the circuit would be un-
able to set a low-voltage (<2-V} battery without-the additional internal-battery voltage. A load resis-
tor has also been included, it allows the battery under test to be connected to a load to give a better
indication of its condition. That load resistor is connected across the battery when normally open
(NO) switch S2 is depressed.
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CAR BATTERY TESTER FOR CRANKING AMPS

(+)ALLIGATOR R20
o1 ™ cLip T“’s ::E I
{RED) TEST
184001 I (
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zgzx 3 TP4 ann? 51 4
10 4
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23.7Ke \ 1 500Q 47 Y el g TIMER 15K
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3 ( -, R18 IC1-b
1 SENSITIVITY 1925; 5N\ ANz
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100K = | MAX ADJ
A A8
1K
A
. ) g2 ; 0
nl + LM2931
1 . 3 + R14
. 2 G 22 2.5K )
puF CURRENT ADJ ¢
ELECTRONICS NOW FIG. 10-2

This cireuit determines the cold cranking amps of a battery by first discharging the surface charge, then checking the inter-
nal resistance. This gives a more realistic measurement than simply measuring the instantaneous drop in voltage with a load. A
constant-current source draws 2.5 A. Then, alter one minute, a voltage drop measurement is made under load.

.




SUPPLY VOLTAGE MONITOR

+V
3l & Aa
:,1 Meg :. 100K
>
< RE6
100K
LIN 4 8
e fgo 7 When supply voltage exceeds a preset level,
Rd & 3 the 555 oscillates, and flashes LEDI. The flash
27¢ u 1
it 4 mel 8| *° RS rale is controlled by varying C3.
4 1K
) I 2 1
-
7"1?2 = Sﬂ* LED1 \‘\
T ’ TiL209
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POPULAR ELECTRONICS FIG. 10-3
BATTERY WATCHDOG
112y
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T 51
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1\ 1ki} 4013
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A ?11\; 144 4001
R1 2
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L 1oed Receptacls
73 AMATEUR RADIO TODAY FiG. 10-4

This circuit uses a pair of Zener diodes to monitor battery voltage of a 12-V battery. If below 11
V, D1 ceases to conduct, pin 3 of IC2 goes high, setting FF IC2 turning on Q1, K1, and the battery

charger. At excess of 14-V battery voltage (full charge), D2 conducts, resetting FF IC2, and cutting
off the battery charger.

85



BATTERY TEST CIRCUIT

W5V
“+ ingut’ JVR\SA{ ?
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"Low fevel “High level" i 9
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ELECTRONIC DESIGN

FIG. 10-5

Using this circuit, three levels of voltage can be displayed—normal (11 to 16 V), high (>15V),
and low (<11 V). When the voltage is low, the LED glows steadily. In the normal range, the LED is
off. When the voltage is high, the LED blinks at a 1-Hz rate. This circuit is useful for assuring proper

electrical system operation.

BATTERY VOLTAGE MONITOR

Yy
R2 1: 1: A4
g 00K ¥ $IMEG
SR
T'BK
il S
f"\l
i 7 A 8 s
100
1 >
10 Iof] Rl & ul +
¢ VNIOKM| 10K 3 | %8 L
J— 1
Ll
T m SPKAT
54 -BOLY -y
POPULAR ELECTRONICS FIG, 10-6

When battery voltage goes low, pin 4 of Ul
goes high as QI fails to conduct. This activates
oscillator Ul and generates audio tone. R5 sets
level at which the circuit activates.
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BATTERY SAVER CIRCUIT

!
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POPULAR ELECTRONICS FIG. 10-7

This battery saver circuit can automatically turn off 4 small piece of test equipment after a de-
sired period of time, allowing you to leave your shop worry free.

This circuit uses a CD4011 IC to act as 4 simple timer. One section acts as an RC discharge timer
(pin 7). This causes its output to go low, holding the three other outputs high acting as a 9-V source.
After C1/R1 discharges approximately 10 minutes, the output drops to zero. S1 resets the circuit.

0-2-A BATTERY CURRENT MONITOR WITH DIGITAL OUTPUT

01t

Fan

01t
| ) L
I <737k 2 470k
= avTo8Y 750k 1 3
T ‘\ L & Vee [
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0 12LTI78 * oo O <
0025 FOR 24 FULL SCALE + 1 Dgy~ * |
0201 FOR 0 24 FULL SCALE GND Vg AN u
oM
b —
L0 BATTERY
e
R REEy W T
LINEAR TECHNOLOGY FIG. 10-8

IC devices by Linear Technology make up this current monitor circuit. Drain is only 70pA from a
3- to 6-V battery.
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CAR BATTERY AND ALTERNATOR MONITOR

[o o
+
b
>
<
' L1 Red LED
L2 Green LED
P1 2.5-kf]} trimmer resistor
104 2N3904 transistor
R R1 100-k(} resistor
AAA R2, R3 33-ki) resistor
P1g<—Y¥y R4, R5 470-(1 resistor
4 Misc. PC board, wire
-
; R2$ //T
O
1991 PE HOBBYIST HANDBOOK FIG. 10-9

The monitor is a simple voltage comparator in which a car batlery serves as the battery for op-
eration. The input voltage to the comparator is set by adjustment potentiometer P1, which must be
adjusted so that the green LED L2 is on when the alternator is operating properly and red LED] is
on whern the alternator is inoperative,

The circuit operates as follows: When the alternator operates properly, the battery voltage is
higher and P1 is set so that transistor Q1 causes Q2 to be off. That results in Q3 and Q4 being fully
on, thus applying current to green LED L2, If the battery voltage is lowered (alternator inoperative},
transistor Q1 is turned off. That allows transistor Q2 to turn fully on, applying current to red LED L1,
indicating trouble. Once Q2 is on, it causes Q3 and Q4 to go out of conduction.

RELAY FUSE FOR BATTERY CHARGES

63V
et t '
O g 11¥4001 Charged capacitor C3 and momentary push-
o] button switch S2 are used to momentarily energize
------- -1 /: | os relay RE2. The battery under charge energizes the
D a3 T —n ’ relay to hold it closed. S2 will energize the relay
. ot even if the battery is too far discharged initially to
* e o tont energize it.
pa Wt
@ —-®
- grai08-110
ELEKTOR ELECTRONICS FIG. 10-10
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BARGRAPH LED BATTERY TESTER
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ELEKTOR ELECTRONICS USA FIG. 10-11

The LM3914A bargraph LEIYis used here as a voltmeter for battery testing. The circuit is pow-
ered by a 4.5-V battery and compares the battery under test with an internally derived reference, set
by RI/IR2/P1. Each LED of the 10 represent 10% of full scale. For best results, the battery (D.U.T.)
should be loaded with an appropriate resisior.
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Buffer Circuits

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

Buffer/Amplifiers

High Current Buffer

VFO Buffer Amplifier

MOSFET Buffer Amplifier

3-V Rail-to-Rail Single-Supply Buffer
Simple Video Buffer

Low-Offset Simple Video Buffer

a0



BUFFER/AMPLIFIERS
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POPULAR ELECTRONICS FiG. 11-1

These two bufler/amplifiers that have been successfully used with VFOs: ane (shown in A) is
based on a pair of bipolar npn transistors, and the other (shown in B) is built around a dual-gate
MOSFET.
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HIGH CURRENT BUFFER

By parallel connecting all six gatcs of Lhis
4049 hex inverting buffer, you can obtain a much
higher output current than would otherwise be

available.
POPULAR ELECTRONICS FIG. 11-2
VFO BUFFER AMPLIFIER
— + 3- T2V
INPUT ouTPUT
3
L 27
——A—y —)
Cl o < A3
o022 40245 =~ A5 2 2400
= 12K
POPULAR ELECTRONICS FIG. 11-3

A two-transistor feedback pair provides broadband operation. The gain is approximately £ /R, .
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MOSFET BUFFER AMPLIFIER
A4 5 W] =
190k & 01
QUTPUT
C3 * R
01 3 A SEC.
ct -
100pF 40673
N
INPUT 0—J{—9 Eg:gg
R1 :t
100K < 1500 %ﬁ
T ~SEE TEXT
POPULAR ELECTRONICS FIG. 11-4

A MOSFET is used as a wideband buffer am-
plifier. T1 is wound on a toroid of approximately

¥ diameter, with material suitable for frequency |

{usually 1- to 20-MHz range). The turns ratio
should be about 4:1 depending on load imped-
ance. Typically, at 4 MHz, there are 18 turns on
the primary, 4 turns on the secondary, and the
stage gain is about 14-dB voltage (£, =50 Q).

3-V RAIL-TO-RAIL
SINGLE-SUPPLY BUFFER

i +3V
I 0.1ufF

ViN

Vour

NATHONAL SEMICONDUCTOR FIG. 11-5

The LMC6484 provides a 3-V p-p rail-to-rail
butfer with a +3-V supply commanly used for
logic systems.

SIMPLE VIDEO BUFFER

R1
1.5K

o3
2Nz222

Video M
in
Video
R2 out
1.5K

ELECTRONICS NOW FiG. 11-6

This simple emitter follower can be used as a
video buffer.

LOW-OFFSET SIMPLE VIDEO BUFFER

-+ . > +5Viol12V
10 puF
- 1002

3300
Q2

Vidgo Q1
In
2N3906
22k0$ 100
—e —5Vto 12V
4 10 pF
WILLIAM SHEETS FIG. 11-7

This circuit has proved to be an effective
video buffer and will easily drive a 75-£2 load to
1.5-V p-p output. BW is betier than 20 MHz and
there is less than 0.05-V dc offset, which is the
difference in V2, of @1 and Q2. The supply lines
shouild be well bypassed, + 5¥ or more.
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Carrier-Current Circuits

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

Carrier-Current Baby-Alert Transmitter
Carrier-Current Baby-Alert Receiver
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CARRIER-CURRENT BABY-ALERT TRANSMITTER
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BBYIST HANDBOOK

FiG. 12-1

The baby-alert transmitter is built around an LM324 quad op amp (U1), two LMC555CM CMOS oscillator/timeérs (U2 and

U3}, and a few support components. The transmitter sends a signal on receipt of a sound at MIC1. It has a frequency of around
125 kHz and can be used to trigger an alarm receiver.




CARRIER-CURRENT BABY-ALERT RECEIVER

—a AV,
o fFor 1 e e | Lo =
X 47 - q,
VAC | NEUT. IWATT 0 e 3
-] D6 821 (=
TN4T50A
A2t 27V
10K R22 & Q3
47K ¥ 2N3000

€12 (...4 a4

T 00 c14 A23 & 2*03 ;|15 2N3904
L
oon  ATKF 38041 " ﬁ?)
e ) R27 Q‘q
1E fgﬁ 47K
4 b < .
L c16 ]

c13 T 15mH .01 sra | o7l SRm
T.um TK3203 ? 100G 2.2 T T WK
. < i ;

1993 ELECTRONICS HOBBYIST HANDBOOK FiG. 12-2

The baby-alert receiver is comprised of three transistors: Q2, which is configured as a high-gain
linear amplifier; Q3, which serves as both an amplifier and detector; and @4, which is essentially used
as a switch; and a few<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>