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Introduction

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

Each circuit is accompanied 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 book.
The index includes all entries from Volumes I to V. This provides instant access to
about 5000 circuits, which make up the most extensive collection of carefully catego-
rized modern circuits available anywhere.

Once again, the authors wish to extend their thanks to Ms. Loretta Gonsalves,
whose 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 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.

High-Power Alarm Driver Exit Delay for Burglar Alarms

Multi-Loop Parallel Alarm 555-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 Output
No-Doze Alarm Alarm Sounder for Flex Switch

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



HIGH-POWER ALARM DRIVER
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FIG. 1-1

In this circuit, a low-powered SCR is used to
trigger a higher powered SCR. When a switch is
opening (82, S3, S4) or closing (Sb, S6, S7), ei-
ther SCR1 or SCR2 triggers. This triggers SCR3
via D1, D2, and R5. BZ1 is a high-powered alarm
of the noninterrupting type.

POPULAR ELECTRONICS

MULTI-LOOP PARALLEL ALARM
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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 Q1 and
SCRI1. BZ1 should be a suitable alarm of the noninterrupting type.




SERIES/PARALLEL LOOP ALARM
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R1E +6-12V
ks 3L

SCR2
2N5060

FIG. 1-3

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

type.
PARALLEL LOOP ALARM CLOSED-LOOP ALARM
S o #6-12v SSEETEXT 6 1oy
J& o 53+ .
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1 SEETEXT 2N5060 N
POPULAR ELECTRONICS FIG. 1-4

Four parallel swiiches are used to monitor
four positions. When a closure occurs on any
switch, SCRI1 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
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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., S1 is in its normally-closed posi-
tion), when power is first applied to the circuit, a4 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 should S1 open, the input of Ul-a is pulled low via R9, forcing the output of Ul-a high, light-
ing LED1. That high is also applied to the gate of SCR1 through D1 and R3, causing SCR1 to turn on.
With SCR1 conducting, the charge on C6 decays, the input of Ul-b at pin 5 is pulled low, forcing its
output high, slowing charging C8 through R8 to a voltage slightly less than the positive supply rail.

Transistor Q1 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 Rb; 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 S1 can be
any type of NC security switch. Switch S2 can be either a pushbutton or toggle switch. Because S3 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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STROBE ALERT SYSTEM
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1992 PE HOBBYIST HANDBOOK FIG. 1-8

The circuit is activated by an LED/photoresistor isolator (Ul), 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 intcrnal LED is
off, Ul’s internal LDR has a very high resistance—on the order of 10 MQ. The voltage applied to NE1
is considerably below ils ignition voltage of approximately 90 Vdc.

The optoisolator’s internal LED is activated by a dc sighal supplying 20 mA. The external sen-
sor(s) that supply the signal are connected to the strobe part of the circuit at J1 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 NEE1-—about
three times per second. The discharge through NE1 is applicd to the gatc of SCRI.

SCR1, a sensitive-gate unit, snaps on immediately when NE1 conducts, 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 parallel 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 thal, the circuil is conneeted 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 fusc-protected, it can still be dangerous if handled care-
lessly.

WARBLE ALARM
* > + 12V
10 k) 10k 2 32.0)
(1 10 ) SpeakerD 1N4007

1 1

+ 100 47 kO 100 kQ

== 220 uF 1125569, . » 3|1/2556
8| iC1a ICtb |2
+ 1 |7
C1 1T
10 ;LFIO.M wF|
) —
IC1 NE556 dual time
WILLIAM SHEETS FIG. 1-9

This circuit uses a 556 to first gencrate a low frequency square wave, that is modulated to pro-
duce two alternate tones of about 400 and 500 Hz. Circuit generates warble alarm of European emer-
gency vehicles. The frequencies of the oscillators are determined by the vaiues of R1, C1 and R2, C2.




AUDIO ALARM
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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 4B+ 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 dc.
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 st
—0 O * o~
s2
famar o I
= C1 C2
47 T 4
! . This circuit sends out a loud tone if the
! 2 = input switch (S2) is not retriggered at pre-
11.16 BZ1 o | setintervals. If you fall asleep and miss re-
il A Ly - = triggering the circuit, it will sound until you
A press S2.
R3 Qi
100K 8121315  2N3904
POPULAR ELECTRONICS FIG. 1-11




HEAT- OR LIGHT-ACTIVATED ALARM

+12V

1kQ 1N4002

2N3906

Q2
TIP
3055

1k

SENSOR CIRCUITS

+12V +12V +12V +12Vv
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Base Base
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Darkness Light Cold Heat
WILLIAM SHEETS FIG. 1-12

The tone generated by a 555 oscillator can be turned on (activated) by heat or light. That causes
Q1 to conduct transistor W2 (TIP 30585).Q2 (TIP 3055) acts as an audio amplifier and speaker driver.




PIEZOELECTRIC ALARM
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The alarm uses a fixed-frequency piezoelectric buzzer in conjunction with the cadmium-sulfide
(CDS) 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 1 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 Q1 is used as a
switch. It is forward-biased “on” by R4, however, the CDS ccll 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-
sistance conducts positive voltage to the base of pnp transistor Q1, keeping il 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 kQ. That causes @1 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

—> 4912V
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a
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R1
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555-BASED ALARM
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The alarm circuit has a single 555 oscillator/timer (U1) performing double duty; serving both in the
alarm-trigger circuil and the entry-delay circuit. In this application, the trigger input of Ul at pin 2 is
held high via R1. A normally-closed sensor switch, S1, supplies a positive voltage to the junction of R2
and C1, 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
@1 is heavily biased on by R3, keeping its collector at near ground level. With @1 on, SCR1’s gate is
clamped to ground, holding it off. When the delay circuit times out, pin 3 of Ul 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 FOR INTRUSION DETECTION

112V
IN4007 *Indicator
10 k2 lamp
100 k02 | . When the light beam that falls in the CDS
button photocell is interrupted, transistor (EN3904)
2N3904 c108 conducts thereby triggering SCR1 (C106) and
Light beam ) o activaling alarm bcll. S1 resets the SCR. The
= Tk alarm bell should be a self-interrupting electro-
4700 mechanical type.
CDS
" Lamp should draw at least 100 mA
to sensure SCR1 remaining on
during alarm cycle
WILLIAM SHEETS FIG. 1-16
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LIGHT-ACTIVATED ALARM WITH LATCH
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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 S1 is depressed, SCR1 un-
latches. Be sure that a self-interrupting alarm (electromechanical buzzer or bell) is used.

PRECISION LIGHT-ACTIVATED ALARM

> + 12V

270 )

R7
20 k()
Trip point

IC1
TLO81
WA741, etc.

R8
CcDS

WILLIAM SHEETS

To load
or conrol
device

FIG. 1-18

The light-sensitive CDS 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 R8, triggering SCR1. This lights LED]1 and
turns on opto isolator IC2, which switches the load.

12



DARK-ACTIVATED ALARM WITH PULSED TONE OUTPUT

0.1uF 470 pF
k l
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amplifier
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R2
1.2 M{} Pin 14 CD4001
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WILLIAM SHEETS FIG. 1-19

NQR 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 (¢ 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
Gl
0.1 pF TLO 81
S -
Photo Output
diode -
100k0 100 kO 22MD

+12V

WILLIAM SHEETS FIG. 1-20

This circuit can be used for light beams 1o 20 kHz. The gain of the operational amplifier is set for
a 40-dB gain.
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PRECISION LIGHT ALARM WITH HYSTERESIS

> To amplifier
and speaker

R3a
Hysteresis
100 kQ adjust
10 M2

WILLIAM SHEETS l FIG. 1-21

The TLO081 is used as a comparator in a Wheatstone bridge circuit. When the CDS cell resistance
decrcases due Lo exposure to light, the output from IC2 cause the low-frequency oscillator (2) and (b)
Lo generate a 10-Hz square wave, gating the 1000 Hz oscillator (¢) and (d) on and off. This 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

1c1 470 pF

¥
1T
— 2N3304

Q
2 6 T4 220Q

1.2 M)
1G1

abcd — CD 4001 R +12V

. 4
100 kn }
cel I 10 uF 1N4007 :I o

speaker
Q2 1N4007
= 82 l
WILLIAM SHEETS L 2N3055 FIG. 1-22

This circuit can produce up to 1 W of audio powcer 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 (¢) and (d), caus-
ing it to generate a pulsed 1-kHz tone at a 10-Hz rate. Q1 and Q2 amplify this signal. Q2 (2N3055)
drives the speaker.
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SELF-LATCHING LIGHT ALARM WITH TONE OUTPUT

100 k(2

1 k()

‘\—/751

Reset

WILLIAM SHEETS

>» 112V
0.001 pF
S
1T
p—» Tone output
a,b,cd
74C00
680 k{) or
CD4000
J:“—) GND

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. S1 resets

the circuit.

ALARM SOUNDER FOR FLEX SWITCH

Plastic outer sheath
Rubber separators

[ —

Conductive foil strips

A

POPULAR ELECTRONICS

+5T0 +15V
A I
‘v‘v‘v —0 O
R1 52 R2 ¢
1K 8 Flex switch 47k ::
7 4
< R4 c1 _L‘ R} &
$iook | U 3
9 BBS 10 ¢ j 200K 4»’
3 =
1 SPKAt *J_ 3
8Q 22

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

T g; .. . ..Metal Horn Buzzer
C1.. 5 p,F 250 volts Capacitor
I 3 cz.. 22 uF Green Cap (223 K5K)
'E $ e = b3 T2 D1.. . ..IN4007 Diode
g R3 5 [ Micro Strobe Tubs/Reflector
Q1 a1 L1 e ..Neaon Lamp
£ T | FT 31.‘ C1740 SW Transésg:
2.. ... 108
ki il () L Rl 200 ohm Resistor
" Svdo A4 Q2 R2. ....B20 ohm Resistor
BZ aR R3..... o] 0 Mg Resistor
c2 Tl ....Inverter Transformer
T T2 <. 4 KV Trigger Coll
1991 PE HOBBYIST HANDBOOK 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 to 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
Vac, which is then rectified by D1. The resultant dc voltage is applied to storage capacitor Cl 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

POPULAR ELECTRONICS FiG. 1-26

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

Fast-Inverting Amplifier with High Input Impedance

Noninverting ac Amplifier
Inverting Summing Amplifier
Noninverting ac Amplifier

Fast High-Impedance.Input-Inverting Amplifier

Nonlinear Operational Amplifier with Temperature-

Compensated Breakpoint
MOSFET High-Impedance Biasing Method
Inverting Summing Amplifier
Bootstrapped Source Follower
30 MQ JFET Source Follower
JFET Source Follower
Unity-Gain Noninverting Amplifier
JFET Arap with Current Source Biasing

Electret Mike Preamp
Difference Amplifier
General-Purpose JFET Preamp
FET Amplifier with Offset Gate Bias
Push-Pull Darlington Amplifier
Noninverted Unity-Gain Amplifier
500 MQ Input Impedance with JFET Amp
Discrete Current-Booster Amplifier
Frequency Counter Preamp
Audio to UHF Preamp
V- & I-Protected Intrinsically Safe Op Amp
Current Feedback Amp Delivers

100 mA @ 100 MHz
General-Purpose Preamplifier
Test Bench Amplifier

17



DIFFERENCE AMPLIFIER

V, 6
vV, o
>
‘P
] R3+R2 R4 R2
= +
= Vs e 2y, Sy
™ Ri+R4 AT 2 RT
FOR R1 = R3 AND R2 = R4
R2
Vgur = 22 (V= V
our R‘ ( 2 1)
R1IIA2=R3 R4
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
Al
k]
R2
SpF 10K
+V YA
2 U T E R
- 6| 10K | , N4 ;
u Wy
S, f Tl sl >
LMi02 L - *1 LM101A
[}
o OuTPUT
INPUT —
c2
150pf
POPULAR ELECTRONICS FIG. 2-2

Ul is used as a voltage follower to feed in-
verter U2, Because Ul is in the voltage-follower
configuration, it exhibits a high input impedance.

NONINVERTING ac AMPLIFIER

RY R2
1MEG 10MEG
A M
+V
2
R3
910K —0 Vo

AAA 2 3 "

CTJ_
‘T
V,

N

LM107

+

Vo =
am=RLeR2,
R1
Ry =R3

R3=R111R2

1}

POPULAR ELECTRONICS FIG. 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

vy V,

— — +

Vs

R3

Vour = -R4

R1 R2
R5= R1]jR21IR311R4

POPULAR ELECTRONICS FIG. 2-4

The output of Ul is the sum of V|, V,,, and V,
multiplied by E/R,, B,/R,, and respectively. R1,
R2, R3 are sclected as required for individual
gains. R4 affects gain of all these inputs.
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‘NONINVERTING ac AMPLIFIER

FAST HIGH-IMPEDANCE INPUT-

INVERTING AMPLIFIER
R1 R2
1MEG 10MEG
R3 2
I
[ I g
1
Y R3=R11IR2
=
POPULAR ELECTRONICS FIG. 2-5 | POPULAR ELECTRONICS FIG. 2-6
NONLINEAR OPERATIONAL MOSFET HIGH-IMPEDANCE

AMPLIFIER WITH TEMPERATURE
COMPENSATED-BREAKPOINT

s RS 02 A6

$187.5 2008 . 50k
™ 2N2005 ,

a1 R3 (%) Rd

2N2808  7q0x 193'( 100K

-15V
INPUT

\aAd

+15V |
Q. 1N467 04
R1 2ZN2605

10K

L'm

POPULAR ELECTRONICS

=)
OUTPUT

FIG. 2-7

BIASING METHOD

O eour

—®

3.9Kk()

+12V

WILLIAM SHEETS FIG. 2-8

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

RY
V) o—Wr

R2 l 4
Vzo———m—J +V e 30

R3 7
Va o—ay 21 6

5| Ut —o Vour
rs $ LM107
<

Vi Vs}
oy = ~RA|— + =2 + —
o [m R2 R3

R&= R11IR21IR311 R4

POPULAR ELECTRONICS FIG. 2-9

‘-BOOTSTRAPPED SOURCE FOLLOWER

+12V
A
§ 22 MO
o_l E—" +
100 pF (—O Out
100 MO 10 uF
¢ 16V
‘ f
1.0 uF
i 22 MQ
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 kKt MPF 102
0.01 pf
Audio
input i
j >
- 33 MO
= 10 pF
18V
) ot l Audio
AN I output
1uF
3BV
150 k()
47kQ =
WILLIAM SHEETS FIG. 2-11

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

JFET SOURCE FOLLOWER

+12V

MPF 102

| 0.01 uF |
o | 10 uF
+16 v
10 MO 6 O
AN
+ 2.2 M
T 22MQ =
+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 FIG. 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 n (-—O
10 wF Output
01 kF 16V
Input =
47 MO 2N3906, 2N2905, atc.
= +
10 uF
18Y ?
2.2k0
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
2k$  ©1
MIC “ .001
)DNn
1 R3 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
+V ‘; R2
R1
Vio—w-
b———0 Vour
V, O—AMA- LM107
R3 |
<
b 9
L
< _RI+R2 R4 R2 v
®TRi+R4 RT ° R1
FOR R1 = R3 AND R2 = R4
A2
Vour = — (Vo= V
our Hl ( r $)
R1/IR2=R3 (IR4
POPULAR ELECTRONICS FIG. 2-16
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GENERAL-PURPOSE JFET PREAMP

49 pF
25V
)
J‘ 71
= 10 kQ
0.1 uF MPF 102
Input
22MQ
= 2.2k0
WILLIAM SHEETS

+24V

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 audio amplifier for high-imped-
ance sources.

FET AMPLIFIER WITH OFFSET GATE BIAS

% Py 3>+ 24V
0.05 uF > 100 k2 4TKY  4p cF
o—1 ] AT
nput MPF 102 HOutput
10pF

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
< R 5: R4
$ 220k P 5800
1
5 a1
2N3004
IN&-*:G
b RS
t 3
E R2
< 100K L.OUT
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

%ﬂi

WILLIAM SHEETS

V+

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-MQ2 INPUT IMPEDANCE WITH JFET AMP

1.0 uF
330 k(2 25V
+18V
0-0(1 wF +18V
O C
Input 102
2
i § 100 KO 2N3904
= L+
[
22 F
2N3904 Output
150 k()
WILLIAM SHEETS FIG. 2-21

A current source using a 2N3904 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
01
R7 <
Vi jx 3 MPS6560
02 3 R4
¢ 0 130K
MPS6560
—0 Vo1
Q2
MPSB562 i

POPULAR ELECTRONICS FIG. 2-22

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

+5V
cs a2 % o1

100pf

n 100K 1N914 m
AAA TP
INPUT Al ¢ (i D2 @
MEG$ N4
= -5V
+5V
1
a1
2N4418

:F R8

- 510 1. H12

‘ $s100

Q3
2N3004
Q2
2N4A18
RO ¢
3.3K 4
Qs
< A7 2N2369
< 20002
R13
300

RADIO-ELECTRONICS FIG. 2-23

Based on the LM733 or NE&592, the preamp shown has a bandwidth of 100 MHz. The FET inputs
provide about 1-MQ input impedance. Q4, @5, and 1C2 provide signal conditioning.

AUDIO TO UHF PREAMP

100uF RFC
1ov 380xH

|0 A~~~ < +6VOC REGULATED
24mA

The Signetics NE5204 or NE5205 can be

ol Fja o) used in this AF to 350-MHz (—30 dB) preamp. If
Y Rt s o 600 MHz @ 3 dB is needed, use the NE5205. The
so/rsa L 30,750 noisc figure is 4.8 dB at 75 Q, 6 dB at 50 Q. Gain
>1 L-l;l—[ is approximately +20 dB over the passband.
73 AMATEUR RADIO TODAY FiIG. 2-24
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V- & I-PROTECTED INTRINSICALLY SAFE OP AMP

R1
560 )

Load

WILLIAM SHEETS 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 acress
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 inverting, noninverting, or differential gain stages.

CURRENT FEEDBACK AMP DELIVERS 100 mA @ 100 MH2

Using a NS LM6181, this IC is useful in cable
drivers. The supply voltage is +5 Vto x15 V.

NATIONAL SEMICONDUCTOR FIG. 2-26
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GENERAL-PURPOSE PREAMPLIFIER

GENERAL PURPOSE PREAMPLIFIER

4.

EL
IN 47

R5 <
K

+——0Q

[ox]
) 8C108C @:) 10

~07 o—=+3V
st
ON/OFF

ouT

:E R6
. 281 SR 1 39092
a0k P,
2 $m
1w P2k
POPULAR ELECTRONICS FIG. 2-27

Suitable for general audio usc, the preamp

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

D1
N34

C8
270pF

TEST BENCH AMPLIFIER

SPK1
16Q2

(e}

53
SPKR

J2

SPKR
out

J3
AuDIO
ouT

©

"SEE TEXT

POPULAR ELECTRONICS

34
EXTERNAL v—O—‘Mr—M 1“%‘“ B1
12V DC - 9v
SUPPLY _22!2 -»—K—Ji————hl
- 51 ON =
POWER
Ct A1 ouT
10 % 10K
—{— "
< RS G2 5
P 470K 8 10
RIS | I 02
10K ¢ 5 +
2| U1
- c6 c7
Lm3ssl T 7 05 470
thca R
T"’ 100

FIG. 2-28

This amplifier might be useful in servicing or bench testing as a signal tracer or as a building

block in various systens.
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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-Chanmel A/D Converter for PC Clones
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ADC POLLER

10
4.9152-MH2
oscillator 74HC4040

" unn L $<7—GH
oLy |43 2 ~d |~

Q
Voltage [2.5V 19 1
refersnce || AEF souk = e L0
eSS0 G ;
DROYL18 MC 14507 RS-232
o i
: AGND SONAF
mooe L .5y
[ LI
} o 1anc107
55501
St 129 11 |_"
|
soui -3 21 mwess P2 qancsss
nnnv-—o—T— —
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 output a single-conversion word only when it is polled.

The CS5501 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 FF2. 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 74HC4040
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
(SSC) mode. In this case, the converter will load one output word into a 16-bit serial-to-paralle] reg-
ister (two 7T4HCbH595 8-bit registers) when polled to do so (see figure).
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8-CHANNEL A/D CONVERTER FOR PC CLONES (Cont.)
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An A/D converter by National Semiconductor (ADC0838), converts 0- 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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4

Antenna Circuits

The sources of the following circuits are contained in the Sources section, which begins on page
675. The figurc 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 Anitenna
VLF 60-kHz Antenna/Preamp

Simple Balun

Wideband Antenna Preamplifier

HF Broadband Antenna Preamp

Automatic TR Switch

Low-Power Antenna Tuncr

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

Q2 C5

"8EE TEXT

1 INCH GAP [N SHIELD

3 FEET

GCONDUHT HTTINGS

TO RECEIVER

POPULAR ELECTRONICS FIG. 4-1

This antenna might help to reduce power-lirie 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. S1 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

* see text

not on PCB 9 IWQ . ]

(phantom supply) | === _ _ ___ __ 2% _

ELECTOR ELECTRONICS USA FIG. 4-2

A 30- to 50-cm whip antenna provides reception from 10 kHz to over 220 MHz. T1, a dual-gate
MOSFET, provides low noise, high-inpuf. 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
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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

inside the-plastics film container.

3 pin

An example of a 4:1
bifilar (a), and (b) a
1:1 trifilar balun.
50/75
ohms Plastics
film box
!
1300
ohms
C
50/75 50/75
ohms ohms
B
PRACTICAL WIRELESS FIG. 4-4

An old ferrite rod from a junked broadcast receiver can be used to construct an antenna balun,
as shown.,
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WIDEBAND ANTENNA PREAMPLIFIER

L1 l BU@
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2 7
11 i——+te

@
10n 10n
MA 3.4 SMA
S 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/
J1 Ct c2 c3 L4 LS
INPUT 002 .0(21 002  3uH 3uH

T0
RECEIVER
INTERFACE
BOX =
TO EXT.
POWER O~ —~-%-—-~-
(SEE TEXT) 29
A
Rt
8.2Q
INO Ay —0 0uT
R2 § b R3
soad 39100
B
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 ATTNZ2), 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

3 L

-q;u—_[—m“—l——( ANT
ni _I‘-" C‘I Two Mater

Antenng
Connection

RIG M—

Two Meter
Transceiver
Connecton 2

DI, D2
7

CNVTR  Receive Convener Connection

D Indicates Wikinson Hybnd section - See texi for discussion

€1, C2 - 39pF micacaps

D1, D2 - 1ND14, 1N4148 S| Diodes

L1 - 2turns # 18 linned wire, 1/4 inch 1D, 0.2 inch long

M1, 112 and [13 consist of 75 €1 coax sections, 1/4 wave & 1he center of the
transceiver ransminor band typically 147 Mhz

T and [13 ane combinad in one coninuous length of cable - 1/2 wavelength total.
Sae text lor edditionad discussion

A

73 AMATEUR RADIO TODAY

s
—F:— AIG
Two Mater
s Transcaiver
Connection
L
ANT
. ] a
Anlgnna
Connection I I
n:z
DI, b2
/
CNVTR
Scanner Conneclion

C1, G2 - 39pF mica caps

D1, 02 - 1N914, 1N4148 5 Diodes

L1 « 2turns # 18 tinned wire, 174 1inch 10, 0 2 inch jong

M1, I12 and 13 conaistaf 75 0 coax sections, 1/4 wave at the center of the
ranscelver transmitter band typically 147 Mhz.

11 and 13 are combined in on@ continucus length of cable - 172 wavelength total.
See text far additional discussion

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 %-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 S This antenna tuner is suitable for use with

H [2: v 1"7 °m J ; U ;— 9 1‘ low-power (less than 5 W) transmitters or SW re-

19| hs| 1T (7| (310 ceivers. S2 selects inductance and S2 connects

L the 365-pF capacitor to either the transmitter or

s2 the side of the inductor. The tiny tuner is coni-

prised of a tapped inductor (1.1) and a variable

——0 o——) capacitor (C1), which is connected to the induc-

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

3 switch arrangement permits the capacitor to be

i i connected to either the input or the output of
ANTENNA the circuit.

1893 ELECTRONICS HOBBYISTS HANDBOOK FiG. 4-8

LOOP ANTENNA PREAMPLIFIER

Q2
Ql

NPN
MPF102 2N3504, ETC c5 OUT TO
c2 0.01 RCVR

l*cu- SEE TEXT

G SD CB8E
MPFIQ2 NPN
PIN OUTS -~ 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. L1 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
675. 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 Amplificr Audio Power Amplifier

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

vog o1 [AINAT [ &3 & 3 C1.C2,C12,C13 ...... 4.7F Elec-
JR @ N iy trolytic Capacitor
L J DR ER 1Y N %9 R €3,C4,C5,C6,
et 3 i I —w C7,C14,615 .. 100 yF Electrolytic
3 GND ) BT A3 Capacitor
s |a s L3 ¥ C16,C17,C18,C8,
e " 7 +% 1ER5 SPKR C9,C10,C19,C20, ]
e S le [ C21 ...... 0.47 yF Mylar Capacitor
;{/15.1 .l I c11 ... 3300 pF, 25V Electro-
S ’ ¥ }'.‘fo Dt s Igﬁggp;:;%er
. It “ o0 L1 Red LED
GROUND = R1, B11 .. 47 chm, 1 watt Resistor
2.1;" .y R2, R12 .. 33K, 1/4 watt Resistor
®VIRFUT_ A ole R3,R5,R13,R14 ...... 12 ohm, 1/4
c10 ;
Rz | 11 43 watt Resistor
AIE by gadpLl+ N 1o ° 0y R4,R19.. 120K, 1/4 watt Resistor
By 1 —w RB,R15.. 2K. 1/4 watt Resistor
GHD cif e A13 R7,R16.. 1K, 1/4 watt Resistor
2 % o R8 ......—.680 ohm, 1/4 watt
cis 7+ S Ly Resistor
xcie 'l 5 *l}\ g C17 ) ﬂs&m "R9,A10,R17,R18 ... 3ohm,1/4
| . " watt Resistor
PR 1 v P1,P2 .... 50K Dual Potentiometer
0 oS o1 RiE IC1,1IC2 NEC70001AB Amplifier
X
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.

Power for both IC1 and IC2 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

LS

o1
= 100pF

) Sy ———— -

- e e o iy

bevulll BRI WK
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2% 2 ag
Sae
L. uFer LS
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NPT, Pove
+ Wy
irﬁ '°
QUTPUT
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
17 wF
Input i
.
10K 4 5+ 220 uF This circuit uses an LM386 IC and will work
tc from 6- to 12-V battery sources. Output is about
0.5 Winto 8 Q.
ELECTRONICS NOW FIG. 5-3
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DUAL AUDIO AMPLIFIER

MONITOR

1000 9.3 ]
SCURCE «at—3- TAPE

AL

S6a
%c}/ Ny
/ 1
/ 8
/
// o .Z‘F
/ = =
. /
0.5W /
—W——o——,
quomouzs
B—
OTHER , T T
CHANNEL Y ey ang 22y
VIEWED FROM l 1
BELOW
b
Wy rmncw’ll ﬁ I
) SIDE
1&1 ﬁ
] 1] .
8CE
B8F— BD13§ T—

SILICON CHIP

42



2x¥IP142

&d10
w

FIG. 5-4

43



A 70-W COMPOSITE AMPLIFIER

DC SERVO sy R2
AMP D +16V 499

S—AAA

DUAL-INVERTING
COMPQSITE-AMP A

+26V

A
hAAd

e o o e o o o o e ka0 @ b M A . —— - - o o -

BRIDGE
INVERTER
AMPG

ELECTRONICS NOW

44




DUAL-INVERTING

I( COMPQOSITE-AMP B
C29
47pF

AAA

Ro4 +15V

+28V

R26 R32

t1MEG

————————— - W M = —— — ———— o

AAA.

LM1875 vy
cas | !
3 2uF

R31
Q

vy

+ ¢35 [c36
100pF | 1

OuTPUT

Four LM1875 devices, suitably heatsinked, and a +25-V supply, 70 W of output are available
from this circuit. IC6 is a phase inverter.

FIG. 5-5
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A 33-W BRIDGE COMPOSITE AMPLIFIER

T Tttt 1
! " |

t C1 !
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1
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INPUT O—

ELECTRONICS NOW FIG. 5-6

Two LM1875 1Cs provide 33 W of audio. IC4 is used as a phase inverter. IC6 and IC2 must be
heatsinked.
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MOSFET POWER AMPLIFIER

IFR520
IFR 9520

ol L o la
120 (1) el Y

[T~ N

- metH ()

Lsd 2+ \:J—' >’
=] 100 01 IRF520(®

20V

303 CIRCUITS FIG. 5-7

Two complementary MOSFETSs are used to
deliver 20 W into 8 Q. A TL071 op amp is used as
an input amplifier. The MOSFETs should be
heatsinked with a heatsink of better than 5°C/W
capability. THD is less than 0.15% from 100 Hz to
10 kHz.

10-W NONINVERTING COMPOSITE
AMPLIFIER

ouTPuT

C8
7 1uF

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

+ 18V

+18v

INPYT DUTPUT

A4
1MEG @

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.

47



LM380 PERSONAL STEREO AMPLIFIER

» 9-15V

3

CHANNEL1 2}2’#F
POWER AMP o——{€
INPUT

R15 <

50K ¢

SPKR1
80

ca
CHANNEL 2 2.2uF

POWER AMP  o———{—

INPUT

R16 <

A4

50K 3
R14

1987 R-E EXPERIMENTERS HANDBOOK

> 9-15V

SPKR2
80

FIG. 5-10

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

10
CROSSOVER
CUTPUT +35v c2
—r I 22
) Wy —o
T :L 4 * L+ g —o—t
‘ 4700 ‘E_l
w | .
1
| SPEAKER
R6 ]
A1 $ 3 e i
4 DAMPING i
10K P10k CONTROLs S | | RS
R4 ‘1 1 210
6.04K | W
A AAd T
]
4 A9« 5o m.
8200 700
1w + A8 '
+35V a—AAA, 47K ﬁ Ki
*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

16-WATT BRIDGE AMPLIFIER
w

7 SPKA? c8
(.;2 7 a0 3 2

R6 14.4v

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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AUDIO POWER AMPLIFIER

, . »+12V
a1 ¥
c3
2N3904 & P
R2 RS
_—" K 20K

AF A A vyv C2
Wy 5 RY | Lmzar ! 470
o_)l * MV 2 \ 7 6 +K
3 U1 o
+12v + 1 s
1%:;2 < SPKR1
R4 = 19}
10K a2
2N3906
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 voltage drop of about 0.6 V. Potentiometer
R5 varies the amplifier’s voltage gain from 1 to about 20. As much as 0.5 W can be obtained from the
circuit if a heatsink is added to the transistors.

FAST HIGH-VOLTAGE LINEAR POWER AMP

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 amplifier 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-Q to 1-kQ
headphone, is flat within 0.4 dB from 10 Hz to 2¢ 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

36V
®
s 802428
2N2222A
cl
[— )
10y
40V
Ca
[ ]
10
40V
asv
A - .R—z O = u2w 87459
v R1 * = sea taxt
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 complementary power output stage. Frequency response is flat up to 100 kHz.
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CONSTANT-VOLUME AMPLIFIER

Py Y O +12V
10 kO % I
82 kQ) |< 2N3904
MPF102 +
o— 2N3565
10 pF
22 k0 16V
+—{ > output
= %2.2 kQ
§ BkD =

33 k0

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

..9V

9 V at maximum signal conditions.

oke.

303 CIRCUITS FIG. 6-4

With 3-V to 9-V supplies, this amplifier can
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. 65

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

—_—- T

P

y Ot

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 1.5 V 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(2
1pF
+
Audio H Hi-z
in
1 uF >5kQ
0.1k ¢ phone

1MQ +

10uF —

Log taper 22k0 16V -

volume
~  control =
WILLIAM SHEETS = 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

CHANNEL 1
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INPUT 29K
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PREAMP R4 1000F  RiQ be fed to this preamp.
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0Lk 4K |,
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A2 o PREAMP
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1987 R-E EXPERIMENTERS HANDBOOK FIG. 6-8
MAGNETIC PICKUP PHONO AMPLIFIER AUDIO BOOSTER
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POPULAR ELECTRONICS

€5
00015
R
R12 47K our
1K
AM—> - 15V
FIG. 6-9 | POPULAR ELECTRONICS FIG. 6-10

This circuit has a maximum gain of about 22

This preamp is RAA compensated for use | dB (voltage gain), and it can be used for miscel-
with magnetic phone cartridges. lancous audio circuits.
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AUDIO VOLUME LIMITER
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" . e . NES532 >~ T4—e—
INPUT im Clﬁ 22 A1 Z 5 1000
TIOK 1pur g K 2k

1992 R-E EXPERIMENTERS HANDBOOK

FiG. 6-11
ICl-ais connected as an inverting amplifier whose gain is controlled by the LDR portion of an op-
tocoupler.
AUDIO DISTRIBUTION AMPLIFIER
+Vee
-R2 :; 5
c1 2 \k1 MEG & ] b0 OUTPUT A
1 Ul-a
3 /4 TLOBA
INPUT o—¢ 4]_'//4 TLD84
R $ = 9
R ¢ hS
100k $ 100K 5 10| Ut >E——o outpurs
1/4 TLOB4
AN >+ Ve
R4
c2 L+ RS ¢ 100K 13

1001 100K $

POPULAR ELECTRONICS

A4

/4 TLOBA

L—O ouTPUTC

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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AGC SYSTEM FOR AUDIO SIGNALS

v
—* > sV
D1
Q1 < Rg
1 e,
(100 uF)
+ R3
100 pF —~ 1 kO =

@; AVAVAY,
WILLIAM SHEETS FIG. 7-2

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 rectifier are performed by a single op
amp. This makes the system simple and cheap.

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

ALC (AUTOMATIC LEVEL CONTROL)

1uFy (2.15) R, > (1,16)

10K !

. |

20K
(3.14)

.Przm:

= Ag

33K 33K
v W

I10)J,F

(5,12) it
30pF

TuF, Rg 20K
| LA ‘AVA o

T
Ll
(6.1) Ay
30K
1.BV—T +

(7. 1‘0)

1989 RF COMMUNICATIONS HANDBOOK FiG. 7-3

+
CREGY

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 output level of +1 dB for an input range
of +14 to —43 dB at 1 kHz. Additional external
components will allow the outputdevel to be ad-
justed.
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8

Automotive Circuits

The sources of the following circuits 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

Vehicular Tachometer Circuit

Smart Turn Signal

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

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

Booster Amplifier for Car Sterco Use

Auto Turn-Signal Reminder

Hcadlight 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 Monitor

Headlight Alarm
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BRAKE AND TURN-SIGNAL LIGHT CIRCUIT

T0 BRAKE
SIGNAL 0— - » 12V
SOURCE it A1 s sont
b 10K 4
+ 2
Cl gR2 4
! <;1um< 5
TORIGHT. = 6
SIGNAL <R 18 Ao 1/4 4001
02
SOURCE :me
) :E RS
1 < 100K
-A'- BLINKER =
< > +12V
T0 LEFT. g 14Ty a0m "
TURN . 10
SIGNAL &6 9 o
SOURCE 10K
17,
\
-k C3 < R? 13
T1 FrK |y a0n =
1/4 4001 LEFT a4
BLINKER 2N3085
= =
POPULAR ELECTRONICS FIG. 8-2

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

VEHICULAR TACHOMETER CIRCUIT

Ic1
+12V 150
78L . .
\gnition 08 I T l
-switch +
10.1 uF L 10-1 pF g 39 k() I 10 uF
6.8k0 >
8 4
6
7| Nesss
820 O 0.0068 pF IC2
( 1N4148
2 10-100 wF
B“’a.ki" 1N751 1J_ _]_5
oints
p 0.01 uF I L = I 0.0 uF 0-1 MA
T 0.4 uF =
WILLIAM SHEETS N FIG. 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

66

SMART TURN SIGNAL

B"g\wa TO FLASHER o
: R1 “lF X TERMINAL

L TERMINAL @
D1 10K =

1Ng14 -

4
161 2 @

T TO FLASHER

AAA

Lk

565
D2
1 g1
R7
1K
TOP BOTTOM
|——SOURGE c
Q| 62 ——pRAIN vlo )at
——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 tharging continues,
the sound will grow louder.

A

S 1 L

© — i

C1 RESET

........... AFTER 10- 15 SECOND DELAY,
Bz1 BECOMES AUDIBLE.

N

1
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

BEEPER

PULSE LOUDNESS 4
-131521‘3? »| DETECTOR CONTROL 2

+12VDC LIGHTS P . &
Lo ¥ J

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.

Cc

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.

_——————— e ———————————d

MANUAL HEADLIGHT/SPOTLIGHT CONTROL FOR AUTOS

+12Vv
5, From

7 light

switch

o 12V

> Battery

» o

Spot
or
head
lights

A1
270 ki)

8

St
Start
push
button

K1A, 8 DFST relay
20-A contacts
12-V coil

1

20uF T Jj

WILLIAM SHEETS FIG. 8-5

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

QAR5 tlca > RE
8§18 $ix 100 s la 3%
7 1 7
U1 = Tr uz2 :-J
555 < 555 3
TR? <R8
6 g 50K r2_ 6L 10K
3 3
b +
22 o (3
I 10
4
—p—— =
X 02 D3
p R3 1N914 NS4
> 270K a1
R9  SK3083
10082
,J_ LIGHT  LIGHT
g 1
82K 220 =
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 hegins to
move through R3 and R4 to C1.

Whern Ul’s output 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 U1’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 I1 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 will be negligible.
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POWER CONTROLLER (FOR AUTOMOTIVE ACCESSORIES)

+12VDC(REG) +12VDC
4 (FROM CAR BATTERY) Flu

10A
-ty Lo A0
cg 14) 13 12/ 11[ 10[ o] 8 02 v

3
[}
- : 1 |
1C1 A \
—1 cou013 +12vocinzey: ﬁ :
]
A7 T[Z[3[4[5][6 [7 P E
R1 & T = 2 ::Q ]
) : ) AAA, Gmf Q]L ------- J‘
Aa Al 1
M omg \?Smrsn LOAD ©—¢
R6 1 2K o (10Ag o5 b
> A 4
10K S = ; 153
nd poe——— y +12V
= i
l
3
SR
1{© O 1 7812 3 ]
5 (N GNDUUT :
2 a i
1 I
]
- [
ELECTRONICS NOW _FIG. 8-8

Because the power controller is powered from the vehicle’s accessory switch, the load can re-
ceive power only 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 FOR dc-OPERATED DEVICES

> e
i " 0
':("‘"".'_'_'_'_')__ LM317 o
j R2 o—'

< a
et ADJ $ 200 PL2
R3 R4
LM317 47002 2.4K
ADJ
ouTPUT o) $ RI 3v 6V
INPUT $1.5K S1
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

TO AUTO BATTERY
3
T
DY Rl ¢ R4
L » o Foao | 1aiec3 S B
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Xo— 3o ¢ 4 4] 10| 14 A/
5 R9 R2 & 1 12 i: R6é 3 RS
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B
POPULAR ELECTRONICS FIG. 8-10



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 starter 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 to normal.

BOOSTER AMPLIFIER FOR CAR STEREO USE

Ch o ; cii
38
+12vDC 100 ; 1
+ 1 5 68
& St
R7 c2 C4
27K 6.8 68
1 AAA AA - 6 3
vy R21 1" Ut ————K—dT T b
47K N TDA-2004
c7 + 6
R8 100 100
1.5Q 10 8
2 4
AUDIO RO Cl o e C3
INPUT 1.50 100 100 4
AAA AbA AAA 51 sm
R10 e R2 RS Rl &pa
150 0n$ K 100 1% $1a
co $ 76 c10
Y 1R b iy A
N - - = CAR FRAME i
GROUND
1980 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 minimum resistance of 27,000 Q.

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

Vee
(KEYED POWER) “0;}5*‘

T0 R1 1A
“LOAD*WIRE 5 o
ON vy 1

FLASHER i

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.

HEADLIGHT FLASHER
+12V =—— N\ D~
F‘ b R + C2
104 3 1000
k-3
< R2
$ 82K
1
8 17 le LAMP
Ut
565
i [2 [e}}
IRF531ND

10K

Cl o
a7 :

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 IRFS3IND hexFET, which, in turn,
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

TO LEFT T0 RIGHT
TURN TURN o
INDICAT
mg{u}cmun%'_!t DIC
OCAR 1N4GDY Puzaum
GROUND
SPKR)
[ 80
4 8 <
3 7 4’ ﬂl
MAY 4 100K
R4 < R2
1 >
s 220525 &5 5 K
ANN— ——¢
A3 2
50K , ’—*
c2 Ct
L2T T T
<
POPULAR ELECTRONICS FIG. 8-14

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 light.
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

T0 TO POSITIVE
IGNITION = TERMINAL ON
SWITCH A HEADLIGHT
POPULAR ELECTRONICS FIG. 8-16

This circuit will sound alarm BZ1 if the igni-
tion is turned off with the headlights on.

BRAKE AND TURN INDICATOR

TOLEFT-TURN  TORIGHT-TURN
SIGNAL SIGNAL

CURRENT CURRENT

TOBRAKE SIGNAL
CURRENT

D1 02
% ECG174 ECG174

d

Pn

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

12V ) 4
\Y] AMA
<[ 7 R2 -
6 y 1MEG - 10MEG gm

vl L
3 CONNECI
o
U1-a A3
S‘H 5] 1, MC145388 | . 47K ACROSS
o 2 6 LIGHT
4 SWITCH
01 Q2
AN 3 8 2N3904 MJE3055
POPULAR ELECTRONICS FIG. 8-18

A normally open pushbutton switch (S1) delivers a positive input pulse to pin 4 of U1, 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 MQ 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 to 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

\ +12V
L 2 e/ A yu tohead
10 puF +~L Ki |\gm
18V I R1 contacts switch
= 330 k2
4] 8 F 1N4007
3
'. 6 N rY &
K1
i 1N4007 % E 12-V coil
7 2 L. R>10040)

*~— 5 =

c1 1 S5
0.01 nF
220 pF = I ———— \N———
o8 10 k2
= 0.01 uF K1 SPST
— 20 A contacts
1 kd
112V 1N4007
from ignition
switch
"WILLIAM SHEETS FIG. 8-19

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 Cl can be changed to vary this delay time.
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-AALTERNATOR REGULATOR

D
1rs IN40O3IR GDLED 1
rRa ¢ R6 ¢ c3 4
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I W ‘ ! R
133K c1 1K$ @
@ 100 pF Q2 °
R2 { { TIP31 Field
Riog, 47K Qf Q3
500 @ oy 2N2222 2N3055
Circled numbers @
refer to @
R3¢ R7 R8s $ | edge connector
10K® 2200 4700 € Ground
_ =

RADIO-ELECTRONICS

FIG. 8-20

This alternator regulator uses a 3-transistor dc 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 pulled
toward ground. The circuit monitors the state of the battery through a resistive divider and causes
the voltage to change at the field terminal.

AUTO GENERATOR REGULATOR

Ladl

+V
t 3N c2 Bl 0
3K b * 50V
T34 Re 3 | TsopF N Fos==- 1
i
22 [ o1 o]
VW R6 :E 1 IN4003 O—r“ :
R10 56K 4 D2
e Ci + RO T )
$3000] | 100pF *es ) 2 g
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i th |
R2 Q2 e
4.7K Q1 TIP31 Relay
2N2222 -
R3® R7 [=1:) 2N3055 u D3 y
10K if 220 ) 470 Oit IN4003
=

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-out relay. R10 adjusts the system voltage setting.
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LIGHTS-ON REMINDER

T0

LIGHTS 6
|
D1
1N4001
IGNITION
2 K1
1N4001 12V

FiG. 8-22

A relay 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 own power each time it be-
comes active, so it chatters and acts like a buzzer.
This is a real minimalistic headlight reminder, It
doesn’t even require an annunciator because the
relay acts as buzzer.

POPULAR ELECTRONICS

AUTO FUSE MONITOR

LED1
1 kO

AAA,
A\ AAd

LED2

N\
Fuse under test
(12-V circuit only)

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.

HEADLIGHT ALARM
To
To Inst. igniton
panel lamp switch

fuse

fuse

R1
10K

@)
2N2222

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
connected to the instrument-panel light fuse;
when the headlights or parking lights are on, the
instrument 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 result 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 Battcry Charger
Intelligent Battery-Charging Circuit
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LEAD-ACID TRICKLE CHARGER

——
i
D4 1M4002
1N4002
Bl
! u (0] D7 05
7806 1N4002  1NA0O2
5 Pt P—e
D8 D6
([ w2 |o | 'NAD02 | 1N4DD2
D1 7605 Pt P
1N4D0Z .
-1G
033 e,
| D2 08 L
o | wee | w— 12
Ll vy AAAd
R1 R2 -
760Q 2800
[IXAN .74
+ c1
LBODO TL430C R3
65WVDC 252K
h W
2A i_ +JJ
T0
INVERTER
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 battcries.

RF-TYPE BATTERY CHARGER

This type of charger couples RF from 1.2 to an external pickup coil. The pickup coil connects to
arectifier 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.

oot 84001 RX O
s2 (x4) OPTIONAL R8 &
PLY (SEE TEXT) 22K $
) RS
< R7 10K
3 4700
enz@D Lf;’T
U \\“ 1
1992 R-E EXPERIMENTERS HANDBOOK FlG. 9-2

79



BATTERY CHARGER

TO 12V CARBATTERY

PLY
117VAC AAA AAA T* ‘?
\AAd AAAJ
R1 R2
2290 102
F DI A W ™ b
R4
A 1NS400 ‘ 47K 1N5400 |
P I A'AAV
D5
1N4742
06 Y
1N4001
TRICKLE
T | D ‘ AUTO
25 VAL | 1N5400 o—1
24
D3 HIGH
1N4Q0!
02 RB ::
222 2N2222 2T
R $
680! 4
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 @1 high, turning it on. That
activates K1. With K1 active, the only thing between the battery and the power supply is R2 and D4
(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 ® ¢ o Y Y Y\ ~3 — o Vou
3.50 -11.00 +]  Va T swieh ¥ _L+ 20V
Cin
10.0 yF I I Cout
= LM1577K-12/883 Feedback = 1-204F
Comp U1
Ce _[_"_ Simple Switcher
470 nF
Rc J_ 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

&
U\\\‘ Charging
LED
5600 —@Naese
-Cd “RC +VIN
s} ll AAA I
| It BV AA
*Value of current
SCR limiting resistor
ON/OFF EC(G5400 depends on the
‘\o battery voliage
T 1 2.2K
Low
:, battery
+V OUT 0— 500K $ [ \kED
2N2222 N\
Ground & -~

RADIO-ELECTRONICS FIG. 9-5

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

Alow-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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10

Battery Test and Monitor Circuits

The sources of the following circuits 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.

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 Monitor
Relay Fuse for Battery Charges
Bargraph LED Baitery Tester
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BATTERY TESTER

10 BATTERY P pS
UNDER TEST I R6 R3g R4 RS

—_— D O AAN—
¥ T .

173,

b‘&) y e o NI °"f——':

o— OFF |—‘M—>——K
81 ‘E K] L2 h 4
]

OFF 0 A

P13 P2 PIg P4d P53

w -3 —3 3 4 ——

A

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 extremely high gain. LED
L2 lights when a small positive potential appears on the base of @3. Transistors Q1 and Q2 form a direct-
coupled dc-amplifier circuit. The output of this stage drives the red LED L1. Rotary switch S1 is used to
select different ranges (which have been previously set by adjusting trimumer resistors P1 through P5).

The positive (+) lead goes through the selected contacts of S1 to the biasing resistors R3, R4,
and R5. 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 P1 through P5.

L1 Red LED

L2 Green LED

P1 through P5 5-kQ trimmer resistor

R1 100 kQ

R2, R3 33 kQ

R4, R5 470 Q

R6 12Q1W

S1 2 P6 position NS rotary switch
S2 NO pushbutton switch

Depending on the position of S1, a particular trimmer resistor (wiper lead) is selected. That lead
goes through the contact on S1 to resistor R1 and into the base of npn transistor Q1. If the battery
is good enough, (+) voltage goes to the base of @1, 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 L1. 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 at 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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SUPPLY VOLTAGE MONITOR

+V
2Rl 4L R3
$1Msg $ 100K
>
<R6
100K
LIN 4 s
* fgo 7 When supply voltage exceeds a preset lcvel,
T Rag T the 555 oscillates, and flashes LEDI. The flash
L 2.7% . - :
12}55 Meo]  e| 5% RS rate is controlled by varying C3.
< 1K
2 1
+
T T eor |
TIL209
4
POPULAR ELECTRONICS FIG. 10-3
BATTERY WATCHDOG
112V
battery
T S
I}’ s 14 14 é
Optional IC1 ic2
l 1 ki) 4001 4013
® rJ 7 7
| - IC1 -
(S 174 4001
R1 2 :
L 680 1 L 6 Rs Q1 Plug
7 5 8 4 | 3000
D Q
1ce
3 1724013 _ |2 Hot wi
X ?:V f R QF—ne — Extension cord
4’7
R2 Ddf
s 12000 Receptacla
73 AMATEUR RADIO TODAY FIG. 10-4

This eircuit uses a pair of Zener diodes to monitor battery voltage of a 12-V battery. If below 11
V, D1 ceascs 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.
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BATTERY TEST CIRCUIT

“+input*
01
1N4735
(6.2)
Ry R
910 2%
D3
Yo
Q
Ry Ry P
24t 20
“Low level® "High level"
L o
ELECTRONIC DESIGN FIG. 10-5

Using this circuit, three levels of voltage can be displayed—normal (11 to 15 V), high (515 V),
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

sy
R2 & &Aa -
100k $  $ IMEG
<SR!
$ K
Lo
T When battery voltage goes low, pin 4 of Ul
: 7 LA goes high as Q1 fails to conduct. This activates
& o e o 100 oscillator Ul and generates audio tone. R5 sets
< . . . .
VNIOKM| 10Ke | 888 T level at which the circuit activates.
L2 1
L C3
T™n SPKAY
luaransz v
POPULAR ELECTRONICS FIG. 10-6
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BATTERY SAVER CIRCUIT

T —)---1

o;
[

N oo o & N | =

waa:::;:;::

U1
4 +9VDC
S ouT
! TO.LOAD
+ Ll
A D1 -T_
100 N9l L
R1
10MEG =
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 circuil uses a CD4011 IC to act as a 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

01y

T

= VTO6V 750K

| |
r 1;73 x 4ok

\\ cs Vee

12 LT1178 + CLK <
LTC1096

+ / - Doy~ >

00201 FOR 2A FULL SCALE
D24 FOR 0 24 FULL SCALE

~||=>orll

TOupP

GND Veer AN~
20M
L
12171178 —qm
—~ < 5
LT1004-12 " 44 ::47Dk |

LINEAR TECHNOLOGY FIG. 10-8

1C 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
+
p
>
<P
3 L1 Red LED
L2 Green LED
P1 2.5-k(} trimmer resistor
Q1-Q4 2N3904 transistor
R1 R1 100-k(} resistor
AAA R2, R3 33-kil resistor
P1g<—V¥r R4, R5 470-02 resistor
b Misc. PC board, wire
R23
— <
O
1991 PE HOBBYIST HANDBOOK FIG. 10-9

The monitor is a simple voltage comparator in which a car battery 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 LEDI is
on when 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

Charged capacitor C3 and momentlary push-
button switch S2 are used to mormentarily energize

-1 7_ | %Dﬁ l relay RE2. The battery under charge energizes the

relay to hold it closed. S2 will energize the relay
even if the battery is too far discharged initially to
energize it.

1N4001

—00©)

914108-11b

ELEKTOR ELECTRONICS FIG. 10-10
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BARGRAPH LED BATTERY TESTER

>
U/ 18 e
LEDNO 1—] |I—LED NO 2 B E 8..160mA
2 17 MODE V+
v |-LeoNO 3 \\ s1
3 16 6 10 01
vi— —LEDNO 4 Refpy
7 1
DIVIDER (LOW END)—] % o nos Retoyt - b2
5| 14 12 D3
SIGNAL INPUT —| I—LeDNO6s R IC1 - r
13 D4
DIVIDER (HIGH END)-2] 2 epno 7 LM3914 . os {
1
7 i2 4
REFERENCE OUTPUT—| =
11LEDNOB Retgg), 5T os_|
REFERENCE ADJUST-2| —LEDNOS R2 . T o
16 <
MODE SELECT— "Lep NG 10 P Batt.1,
17 < 08 4vs'
= DS '
SIG %“———4»
1 Kmo
[/
D.U.T. ¥
u.T Ao V-
4 2
-t
ELEKTOR ELECTRONICS USA FIG. 10-11

The LM3914A bargraph LED"1s 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, sct
by RI/R2/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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11

Buffer 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,

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 Butfer
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BUFFER/AMPLIFIERS

| o 49~ 12V
= (2
1
INPUT | OuTPUT
R1 C3
12K 47K -027
——v— W )
C1 al & R3
0022 40245 - RS $ 2400
= 12K
AAA
A
4
R4 [of’] =
100K 01
e OUTPUT
_I: ¢3 > RS %
j ;.01 i: 47K . || SEC.
1 at -
100pF 40673
NTE222
NPUT o—| ECG222
A<
100k 1500 %
J ' ~SEE TEXT

POPULAR ELECTRONICS FiG. 11-1

These two buffer/amplifiers that have been successfully used with VFOs: one (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

+9-12V

ouT
(o)
3 Ut-a
/s 4049

5 >o—<
1/0 4049

‘
[ 1/s 4049

By parallel connecting all six gates of Lhis
4049 hex inverting buffer, you can obtain a much

. 9 ,10 | higher output current than would otherwise be
Ve 4049 available.

L 12 i
/84048

POPULAR ELECTRONICS FIG. 11-2

VFO BUFFER AMPLIFIER

— + 3 T2V
INPUT OUTPUT
c3
27
Ct R3
0022 2400
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

AAA - l( 4
R4 $ c4a =
100k $ 0
N oUTPUT
C3 > R
01 $ 47‘1 SEC.
ct a1
100pF 40873
N
INPUT o—¢- Egggg
R1 <
100K :E 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 (Z, = 50 Q).

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

NATIONAL SEMICONDUCTOR FIG. 11-5

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

SIMPLE VIDEO BUFFER

+ 5V -y
<

AN

Video
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

+5Vto12Vv

330 Q

2N3906
2.2 k() 3

-5Vto—-12V

+10 wF

WILLIAM SHEETS FiIG. 11-7

This circuit has proved to be an effective
video buffer and will easily drive a 75-Q load to
1.5-V p-p output. BW is better than 20 MHz and
there is less than 0.05-V dc offset, which is the
difference in 1, of Q1 and Q2. The supply lines
should be well bypassed, + 5V or more.
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12

Carrier-Current Circuits

Thc 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.

Carrier-Current, Baby-Alert Transmitter
Carrier-Current Bahy-Alert Receiver
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CARRIER-CURRENT BABY-ALERT RECEIVER

- B ‘VAV‘V
117 | HOT ps A +| o1t R2b
vac | Neut. | TNAOO4 T a7 | Rs ¢ 4
- Dé 100K‘> Bz1 (=
1N4750A -
A21 27V
10K R22 & Q3
47K S 2N3900
C12 (__< 04
T.om o1 A28 ¢ ziggu ;lm 2N3904
P = 01 W m)
1(* %) R27 %
:Eﬁa 47K
4 b < .
K] c16
c13 Tl.smH 0 > R24 a7y g R
T.om TK3203 Pioa | 22 T $ 10K
- -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 Q4, which is essentially used
as a switch; and a few additional components. It sounds an alarm BZ1 on receipt of a 125-kHz signal
from an alarm transmitter via the 120-V power lines.
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13
Clock Circuit

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figure number in the box of the cireuit correlates to the entry in the Sources section.

Binary Clock
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BINARY CLOCK
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1992 PE HOBBYIST HANDBOOK

This circuit is an unusual clock in that the LEDs are bi-color red/green displays thatf indicate the

time in binary coded decimal form.
LEDs 21 through 24 read out seconds

LEDs 5, 18, 19, and 20 read out 105 seconds

LEDs 14 through 17 read out in minutes
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LEDs 4, 11, 12, and 13 read out in 105 minutes
LEDs 7 through 10 read out thehours

LEDs 1, 2, 3, and 6 read out tens of hours

The 60-Hz line is used as a timebase.

FIG. 13-1
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14

Code Practice Circuits

The source 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.

Code Practice Oscillator Uses Optoisolator
Electronic CW “Bug” Keyer

QRP Sidetone Generator/Codc Practice Oscillator
Morse Practice Oscillator

Code Practice Oscillator

Variable Frequency Code Practice Oscillator
Single-Transistor Code Practice Oscillator
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CODE PRACTICE OSCILLATOR USES OPTOISOLATOR

OPAQUE
ENCLOSURE OBJECT
LED PHOTOTRANSISTOR OR
\j PHOTODIODE
PEN
S~ .
A
+5V
k
R4 @ R1
2008 < S
Ut ¢
VTL10G1 8
7
%{ R2 1:‘|
100K &
u2
PR
ESS = TO REDUCE VOLUME, 585 |2
INSERT A 10°52 ADJUSTABLE
BEND A SMALL RESISTOR HERE.
PIECE OF TIN OR 3
THIN SHEET METAL
INTO THIS TYPE ; ” o1 |+
OF FORM. gg SPKRI o
9]

an \<
5 N VL1061

OPTOISOLATOR

POPULAR ELECTRONICS FIG. 14-1

A slotted-pair isolator (A) is effectively an enclosed-pair isolator with a slit that will allow an ob-
stacle to interrupt the light path. That could be useful for building a code key (B).
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ELECTRONIC CW “BUG” KEYER

RS RIO Leca ]_:m
oM 1OM T . Tov
Ra .
oM =2=C2
T 39k
R?
oM
Rz
DIT 100k
PADDLED
R6
oM 7:83\
AS
3 ma {'OM
10M  10M 02
4
IN9I 6

A . ol
DAH 100K " lNzlld
PHONE
¢! al PLUG
J:“ﬂ" 283904 .
1c1

RI2 N
a7

CkT 80 1
GiD 4093 Al \
ZCs  ouTeur
0.01 N

AT?

" PLATE

73 AMATEUR RADIO TODAY FIG. 14-2

This keyer uses skin conductivity to simulate the old-fashioned mechanical CW bug keyer. When
the “dit” paddle is touched the bias on the inverter, IC1-a is shunted to ground, and it produces a logic
high, causing oscillator sections C&D to generate a low-frequency square wave keying Q1 for a series
of “dits.” When the “dah” paddle is touched, section b produces a logic high, driving keyer Q1 on.

QRP SIDETONE GENERATOR/CODE PRACTICE OSCILLATOR

l_\ 0k i _ _
L a7 s L
2] ,l_SV
TOT ‘LI
KEY th:
RO
RE 4700
106
TO KeY < s |7 o s -
Q1-Q4 -2N3I904
Qs 2N3306 } Isﬁ'll g,’?l
SPK |
] 2 3 O
G273 €33
a4 Y] l 04
S
73 AMATEUR RADIO TODAY FIG. 14-3

For use with low-power transmitters with a positive keying voltage. Q1/Q2/Q3 form a switching
amplifier, When the key is pressed, the collector of Q3 goes to ground, turning on Q5 and activating
IC1, an audio oscillator. Q4 drives the speaker. For use as a code practice oscillator, insert P1 and J1
and a key in J2.
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MORSE PRACTICE OSCILLATOR

o™ o > +OV
$RI ) St
$47x [« 4  KEYSWITCH
7 c2
100
< R2 U1 3
2 100K 555 +
2 1
lcs
T .47
Neoi SPKR1
- 40-80{)
T 022
4
POPULAR ELECTRONICS FIG. 14-4

A bBb5 timer configurcd as an astable
multivibrator is used in this circuil to generate
an audio note. Cl can be changed to vary the
audio note as desired.

CODE PRACTICE OSCILLATOR

cw
key

1k

NES555
2.2k

To

3
100 O
earphones

500 O »Z =500 ()

volume f}ﬂ

control
FIG. 14-5

20 k()

Freqg.
control

e

=
=
=

\\"‘—D—)I—m @

C.1 pF I

WILLIAM SHEETS

The tone and volumc of the sound produced
when the telegraph key is depresscd can be var-
ied in this code practice oscillator.

VARIABLE FREQUENCY CODE PRACTICE

CSCILLATOR
SPKR1
82 4-INCH
SPEAKER
+3-1V +3-12v
R2 8 \7 [s 5 |
10K
: ]|
c4 MCaa11e < R4
Ok 3 100K
KEY [ 2 la 4
,,t c1lr tle2
RS 47 1
50K des
FREQ. R = R3 T 1
ADJ. 1K 47K
- L— vy AvAvAv V‘V‘ﬁ
POPULAR ELECTRONICS FIG. 14-6

The variable frequency audio oscillator can
be used as a low-level alarm sounder or a code-
practice oscillator.

SINGLE-TRANSISTOR CODE PRACTICE

OSCILLATOR
é'ﬂ ’—

a1 g
M358 e
R3 ?
10082

R2 .

JuK $al

A £ 2MEG

[ SPKR{

a1
9 VOLTS

+
-

S1
T KEYSWITCH

POPULAR ELECTRONICS

FIG. 14-7

A 2N366 is configurcd as an audio feedback
oscillator using an audio transformer is shown.

Adjust R1 for proper operation and desired audio
note.

103



15

Color Organ Circuit

The source of the following circuit is 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.

3-Channel Color Organ
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3-CHANNEL COLOR ORGAN

| oA o
-1 F
- —— —
OUTLET 1 OUTLET 2 QUTLET 3
120VAC
T A A A
AUD]O P‘] . G SCR1 ) G} SGR2 G SCRS
INPUT [ c I $ro c C
< 3 <
M0 | $ 0¥ leo| e 3™
”IN N
1991 PE HOBBYIST HANDBOOK FIG. 15-1

The ac line power is brought back into the circuit through F1, a protective 5-A fuse. One side of
the ac line is connected to one side of each ac outlet. The other side of the ac line is connected to
each SCR or silicon-controlled rectifier. Each SCR is, in turn, connected to the other side of each ac
outlet.

An audio signal is brought into the circuit from a stereo speaker by transformer T1. This trans-
former has 500-Q impedance on the primary and 8-Q impedance on its secondary. Connect T1 so
that the 8-Q side is connected to the speaker and the 500-Q side is connected to potentiometer P1.

Potentiometer P1 is used as a level or sensitivity control. The signal from its wiper lead is applied
to each RC filter stage. Because each SCR has a different RC (resistor/capacitor) filter on its gate
lead, each will respond to different frequencies. The greater the capacitance in the filter, the lower
the frequency that the SCR will respond to.
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16

Computer Circuits

M

The sources of the following circuits 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.

Printer Sentry

PC Password Protection
Buffer I2C Data and Clock Lines
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PRINTER SENTRY (Cont.)

ACKNOWLEDGE"
BUSY

PAPER EMPTY
SELECT — | |->STROBE‘

d')c')c'Sc‘Sooooooooé

13
14

goooooogookcp

|—> AUTOFEED

ERROR
> NTALIZE
GROUND > SELECT

“LOW-GOING PULSE

TABLE 1—PIN CORRESPONDENCE

Centronics-
DB-25 Style
Connector Connector
1 1
10 10
11 11
12 12
13 13 .
14 14
15 32
16 31
17 36
18 19

Handy for monitoring printers, this circuit displays all the signals on a parallel link. It monitors
the status of the lines, enabling remote monitoring of the operation of.a printer, and it also gives an
indication of troubles (paper empty, busy, etc.).
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PC PASSWORD PROTECTION
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ELECTRONICS NOW FIG. 16-2

With this circuit, a PC will be protected, requiring a password to boot. After three times, the
computer will have to have a cold reboot and the password tried again. Software for this system is
available—consult the reference for further details.
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BUFFER I°C DATA AND CLOCK LINES

utpil
Inpi o—c»—>—p—oomm It © p
Dy
1 }
p
A By i Ay Ryg20k
Camman Ak 1 2k Commen
o—e—e —é * +—0
Attnpn's = 2M3304 Al pnp's = 2¥3006 AN diodes = 1N5742
ELECTRONIC DESIGN FIG. 16-3

The I2C serial bus is a popular two-wire bus [or small-area networks. I?C Clock and Data lines
have open collector (or drain) outputs for each device on the network. Only a single pull-up resistor
is needed. With this architecture, each device can “talk” on the network, rather than just “listen.” In
some circumstances, it might be desirable Lo bulffer these lines to expand the network, which can
sometimes be a tricky task. The obvious approach (Fig. 1) wont work because it latches in either the
higher or lower statc. A circuit for a noninventory nonlatching buffer is also shown.

The circuit is symmetrical about its center so that the input and output can be swapped. Q1 and
Q8 are the output open collector drivers. Q2, @3, Q6, and Q7 provide the nonlatching functions. The
capacitors prevent switching glitches by ensuring the inhibit transistors turn off hefore the output
transistors do.

Operation can be best explained by example: if the input is high, @4 turns off, and the voltage
across R8 goes to zero. This turns off Q1 and Q8. The output then goes high, which is the circuit’s
normal resting place. If the input is pulled low, Q4 is turned on.

Diode D1 remains reverse-biased, preventing Q3 from turning off Q4. With @4 on, current is sup-
plied to both Q2 and Q1 to turn them on, but Q2 turns on first to keep Q1 off. This prevents the in-
put from latching. Q4 also turns on Q8. D4 is now forward-biased, so Q6 turns on, and thus turns off
Qb. With Qb off, Q7 will not turn on. The output remains low. Even with both the input and the out-
put cxlernally driven low, the circuit will not latch. The circuit, using the values shown in Fig. 2,
reached a clock rate of 80 kHz with & VOH of 5.0 Vand a VOL of 0.5 V.
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17

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.

6-Digit Coded ac Power Switch
VCR TV On/Off Control

Simple Power Down Circuit

Simple ac Voltage Control
Dual-Control Switch Uses ac Signals
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SIMPLE POWER DOWN CIRCUIT
+12¥

~Power Down
cantrol input

U4 = CD4001

ELECTRONIC DESIGN FIG. 17-3

This circuit adds a power-down function to analog I/O ports (for example, the AD7769 and
AD7774). Moreover, the diodes ordinarily needed to protect the devices against power-supply mis-
sequencing can be climinated (see the figure).

In the circuit, MOSFETs Q1 and Q2 switch the +5- and +12-V supplies, respectively, in a se-
quence controlled by two cross-coupled CD4001 CMOS NOR gates (U1C and U1D). The sequence in
which power is applied is important: The controlled circuits may be damaged anytime V., exceeds
Vo + 0.3 V. Conscquently, the NOR gates must be powered from a 12-V supply throughout the
powcr-down sequence.

Bringing the power down control high (+5 V) applies power to the controlled circuit by turning
on all MOSFETSs. Spccifically, raising the power down brings the output of U1C low, causing capaci-
tor C1 to discharge VOL exponentially with time constant 2,C,. As the voltage on C1 falls, two events
occur. First, it puts a negative gate-source voltage on P-channel Q1, turning it on. A

Second, it causcs output gate U1D to go high. With the output of U1D high, capacitor C2 charges
exponcntially to VOH—about 12-V—applying a positive gale-source voltage to turn on Q2. In the
power down mode, the Power Down control is brought low and the RC circuits and their delays work
in reverse. Consequently, capacitor C2 discharges to the logic input of U1C before C1 can charge.
Hence, Q2 turns off before Q1.

SIMPLE ac VOLTAGE CONTROL

LAMP
0IMMER
@ Lamp dimmers can be used for more than
lso just controlling lights. Just provide one with an
ac line cord and a socket, and discover just how
p useful they can be.
L1
POPULAR ELECTRONICS FIG. 17-4
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DUAL-CONTROL SWITCH USES ac SIGNALS

Q2
IRF511

AC

+6-10V
2kHz 1K "
IN

R3
10002

Al
vy

Q1

+6- 10V 2N3004 |

2kH2
AC 1K
IN

POPULAR ELECTRONICS FIG. 17-5

The Dual-Control Switch uses two 6-10-Vac sources to trigger the circuit on and off; one source
for each function.
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18

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.

One-Chip Crystal-Controlled Converter Simple 2-m-6-m Transverter
High-Performance Shortwave Converter Sine- to Square-Wave Converter
3-A dc-dc Converter Needs No Heatsink 439.25-MHz ATV Downconverter
Simple WWV Converter for Auto Radios Sine-Wave-to-Square-Wave Converter
Digital-to-Analog Converter ATV Downconverter -
Temperature-to-Frequency Converter 28-Vdc to 5-Vdc Converter
VLF Converter Current-to-Voltage Converter
800- to 1000-MHz Scanner Converter Temperature-Compensated One-Quadrant
Crystal-Controlled Frequency Logarithmic Converter

Converter Using MOSFET dc/dc Converter Circuit with 3.3-V
Temperature-to-Digital Converter and 5-V Outputs
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ONE-CHIP CRYSTAL-CONTROLLED CONVERTER

LIS - 1 4 J2
' — t gt ? RF OUT
1 U1 8 L
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— 2 7 +12
---- T 6 c3 | o4 vbe
I 47pF | 240pF
| | o[ w2 i
1 (_J ( c5 7BLOS [
XTAL1 05 0.1
«SEE TEXT i ' It 6 y
A
A'A'A' . > +12
6“‘ $ R3 voe
ﬂKm $5600 | oo
¢ 001
2K3808 I
e3 1‘3;
001 I TO PIN 6
s R ON U1
¢ 6.8K
= g 62 6
150K w ., “T
1 O—¢ 3
1 I
0 RS ¢
D1+ 470 ¢
+SEE TEXT R S
B
POPULAR ELECTRONICS FIG. 18-1

This circuit can work over a wide range of frequencies. XTAL 1 is a fundamental-frequency crys-
tal. T1 and C1 are tuned to the input frequency. An application of this circuit is a simple shortwave
converter for AM radios, etc. A tuneable oscillator can also be used, as shown.
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HIGH-PERFORMANCE SHORTWAVE CONVERTER

J2 S1
’ A—> 4 12V
22003pf -~ | € (Sé(ETATLE;(T)é. f2
cs 32pF T K
220pF —
T 5 18 8
10.7MHz
________ 3 1
N 1 ut 01
Fv“-v T 14 NESO2 2N4691
oK —+o L FREQUENCY CONVERTER ¢
1 2 Lo '
L
: 12l
| S, o
3 - G4
T ™
*INSTALL FOR 6.0 — 6.5MHz OPERATION = ;
1990 PE HOBBYIST HANDBOOK FIG. 18-2

The NE602 chip, U1, contains oscillator and mixer stages. The mixer combines the oscillator sig-
nal with the input RF signal to produce signals whose frequencies are the sum and difference of the
input frequencies. For example, an 8.5-MHz oscillator and a 10-MHz incoming signal will give output
signals at 18.5 MHz (10 + 8.5) and 1.6 MHz (10 - 8.5). Recall that 1.5 MHz is 1500 kHz and an ordi-
nary AM radio will tune to it.

The choice of crystal depends on what shortwave band you want to hear. The 9.5- to 10-MHz
band is less crowded and includes the time-signal station WWV. For that band, you’ll need a crystal
of 8.5 to 8.9 MHz. There is no standard microprocessor crystal in that range, but you can use an am-
ateur radio crystal, have a crystal custom-made, or use a CB crystal.

Transformer T1 rejects signals that are outside the band you are interested in. Transformer T1
should pass signals from 9 to 11 MHz and attenuate all others.

The transformer, T1, used in the circuit is a 10.7-MHz IF transformer salvaged from an F'M radio.
They are fairly easy to obtain new from parts stores and mail-order houses. Most 10.7-MHz IF trans-
formers will tune across the 9.5- to 10-MHz band without modification; all you need to do is turn its
tuning slug. To receive the 6.0- to 6.5-MHz shortwave band, you'll have to add a 150-pF capacitor. *

Capacitors

Cl 150-pF, ceramic disc (see text)

Cc2 32-pF, ceramic disc

C3,Ch  220-pF, ceramic disc

C4 0.04 or 0.05-uF, ceramic disc

Additional Parts and Materials

U1l NE602N frequency-converter integrated circuit
D1 6.2-V, 0.4 or 1-W Zener diode

R1 10,000-8 panel-mount potentiometer

R2 1000-Q, 4-W, 5% resistor

J1,J2  RCA phono jack

Si DPDT, toggle switch, panel mount

T1 10.7-MHz IF transformer (green color coded)

XTAL 1 8.5-MHz crystal or CB channel-5 receiving crystal (see text)
XTAL 2 5.0-MHz microprocessor crystal for 6-MHz band

118



3-A dc-dc CONVERTER NEEDS NO HEATSINK

ﬂ—_—&—t Ve drive  Topgate drive
' Top gate feedback]
WF [
= | 00F |, Top
)
L balt-tridge  gopgg
RI< — —{Enable Sanse -
240 Faull Battom gate
drive
Input Bottom gate
1 feedback
1000pF | Ground
= L

L1 = Coiltronics CTX50-3MP
Rs = Vishay/Ultronix RCSO1, SM1
Isotek Corp. SA-PLAN SMA

ELECTRONICS DESIGN

1841 01
I 0.1uF | 1RF234
Boost Boost

5100

reference
Output-transistor
collocto{

programmabie ﬂEF]
Rwio

FIG. 18-3

This regulator delivers 90% efficiency at 12-V input, 5-V output. It uses an LT1158 and LT1431
by Lincar Technology, Inc. High efficiency is obtained by synchronously switching two power MOS-
FETs in a step-down switching regulator. The LT1431 voltage reference combines with the LT1158
half-bridge driver to form a constant off-time current mode loop.

SIMPLE WWV CONVERTER FOR AUTO RADIOS

+9VDC A1 C5
K 047
[ - -
o 1 .
T1* ' - T2 1
e " T |4 meeee-
o— i : — T
o A N | ol
e oT» 74
WNV | E 1 T NE602 ( : out
N : (. I )
Pl ! |
.Y ___.J ll 2 (W 2 °
Cv L xman C2 6 C3 c4
047 16MHz  50pF 27pF 68pF
“SEE TEXT I i€ —

POPULAR ELECTRONICS FIG. 18-4

This simple frequency converter mixes the 15-MHz WWV/WVH signal with a 16-MHz signal from
the LO to convert it down to 1 MHz so that it can be heard on AM-band receiver.
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DIGITAL-TO-ANALOG CONVERTER
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1992 R-E EXPERIMENTERS HANDBOOK FIG. 18-5

Figure A is an R/2R resistor ladder. Each switch that is closed increases the amount of current at
I .. A simple channel A/D converter is shown in Fig. B. The voltage reference (D2) is common to all
channels, but.the value of the dropping resistor (R9) varies as the number of DACs installed in the
system. IC15 is a DACO808 A/D converter chip. ICI6A is an op amp to interface the output current

from the D/A convert to an analog voltage output.
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TEMPERATURE-TO-FREQUENCY CONVERTER

+6V4
3
) 00021 4
LOW-PASS 100K 0.0t
FILTER AL + h
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1 L, | swircHep
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5 481N gvat
cd
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RADIO-ELECTRONICS FIG. 18-6
In this circuit an LM34 or LM35 produces a frequency proportional to temperature. Reference

current (138 wA) is set via R3. The output can be used to drive a display, frequency counter, or other
indicating device for temperature readout.

VLF CONVERTER

4 MHz

I

W 1o...150kH:
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W0n
u cil czf 1omM cs ciof | culx
100mH -- 4010...4150 kMz
::wpl 3909| 390p 100 100n| TTeee
O]

85484

L.
[
B

303 CIRCUITS FIG. 18-7

This converter convertsl0 kHz to 150 kHz to 4.01 to 4.15 MHz for use with a shortwave receiver

for VLF reception. A 4-MHz L.O. frequency is used. X1 can be a microprocessor XTAL or another
suitable type. The antenna should be as long as possible.
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800- TO 1000-MHz SCANNER CONVERTER
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This converter enables reception of 800 to 1000 MHz on any scanner covering the 400 to 500-
MHz range. The converter can be set up to cover either 800 to 900 MHz or by readjustment 900 fo
1000 MHz. Sensitivily is very high because of the GASFET front end. For best results, the scanner
should be of a programmable variety. A completc kit is available from North Country Radio, .O. Box
53, Wykagy! Station, NY 10804.
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CRYSTAL-CONTROLLED FREQUENCY CONVERTER USING MOSFET

_|_—-4Mr—w~lﬂ'
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) | )
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= C4 e R3 ¢
0.1 0.1 1000 €
*SEE TEXT ) +12
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POPULAR ELECTRONICS

FIG. 18-9

The second gate (G2) of a MOSFET can be used to incorporate a crystal oscillator into the same
stage as a frequency mixer. Although old hat with tubes, this scheme is seldom seen in dual-gate
MOSFET circuitry. L3, C3, and X1 form the crystal oscillator, and T2 is an IF output transformer. T1
and C1 are tuned to the converter input frequency. This circuit should be useable up to 26 MHz or

80, or higher with third-overtone crystals

TEMPERATURE-TO-DIGITAL CONVERTER

+5V
N 3.8k
ouT IN
M35 —e SERIAL
REF | ADC08031 —— psrp outpuT
128V
GND .
5 § 100k |—< cLocK
FB
LM385
.
A A
= ENABLE
10k -
e s GND
NATIONAL SEMICONDUCTOR

FIG. 18-10

The devices shown from National Semiconductor are used in digital temperature circuit sensor
LMS35 and reference LM385 fced A-D converter ADC08031.
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SIMPLE 2-m—6-m TRANSVERTER
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73 AMATEUR RADIO TODAY FIG. 18-11

Using the bilateral properties of a balanced mixer this transvertcr will produce 6-m output with
2-m inputs. Y1 is a 90-MHz crystal. Note that the input on 2 m is 143 to 144 MHz for 53 to 54-MHz
output. This avoids possibility of extraneous 2-m reception during receive periods. If your radio will
not transmit below 144 MHz, then use a 93- or 94-MHz crystal frequency.

SINE- TO SQUARE-WAVE CONVERTER

»»»»»»»»»»»»»»»»» > + 516V
4 8
§ 47 k)
2 Square This 555-based Schinitt trigger circuit
NEsss 3O el is useful for creating clock pulses from
oSe analog signals since it readily converts
Sine 47 6.8 k() . .
sine ‘waves into square waves.
\:'Il_lapvue' O——) AW 8 q
1 5
G should have
reactance 47 kO l
=5k @ T, = :[001“':
WILLIAM SHEETS FIG. 18-12
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439.25-MHz ATV DOWNCONVERTER
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73 AMATEUR RADIO TODAY FIG. 18-13

Most ATV (Amateur Television) transmitters -transmit a DSB signal and commercial television
stations use a VSB (Vestigial Sideband) signal. This fact is made use of in this converter to use the
lower sideband. This results in less interference from repeaters that occupy the 440- to 445-MHz por-
tion of the band. However, this approach might suffer from VHF image responses from channel 29, if
that channel is active in your area.

SINE-WAVE-TO-SQUARE-WAVE CONVERTER

?

o 2
b

This circuit turns a sine wave into a square

-

» +3-9V wave. It is comprised of a single 2-input NAND
Ul-a Schmitt trigger that’s configured as an inverter
l AN with a trigger level adjustment at, its input. As the
! 3 ouT input voltage rises above the gate’s trigger point,
5211(‘" 2™ & Lr the output snaps to its alternate siate, producing
L 1l A 3 a square-wave output.
POPULAR ELECTRONICS FIG. 18-14
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28-Vdc TO 5-Vdc CONVERTER

Unregulated Feedback
MIL-STD-740D ' 4
input +VIN +5V @ 1A
1 LM1575-5.0 L1 330uH Regulated
2 Output Output
Cin 3 5
1 F
oou Cour
330uF
NATIONAL SEMICONDUCTOR FIG. 18-16

The National Semiconductor LM1575-5.0 allows a very simple switching regulator, with >80% ef-
ficiency, operating as a 5-V source @ 1A from a +28-V bus.

CURRENT-TO-VOLTAGE CONVERTER

AAA
vy

+V a1

Iy O= N7 P
R2~ 3 Ut —0 VOUT

Wy + VDUI = 'mm

J LM107 ~ 4|-roR MINIMUM ERROR DUE TO
X BIAS CURRENT R2 = R1

POPULAR ELECTRONICS FIG. 18-17

TEMPERATURE-COMPENSATED ONE-QUADRANT LOGARITHMIC CONVERTER

C h— A—0 V4 15V
o)} a2 9 R3*
2N2020 2N2920 1 5MEG

an 1%

RS
INPUT O~y ¢ AA
-—l-—-b c2 R2
IN v ¥ 2K
L . ) ’
157K R4
15 3 15MEG
8 o W
YW —-.L'
10nA < [y < TMA = c4 =
SENSITIVITY IS = $1) 150pF
1V PER DECADE o 3 Q81 —
o ouruT L “DETERMINES CURRENT FOR 2ERD GROSSING
300pF ON OUTPUT 10uA AS SHOWN

POPULAR ELECTRONICS FIG. 18-18

A logarithmic converter used to produce an output voltage that is proportional to the logarithm
of an input current is shown. R is the input impedance of the input source.
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dc/dec CONVERTER CIRCUIT WITH 3.3-V AND 5-V OUTPUTS

Q0Muf
20 o}
1N5822
* SHORT
- p:, » 5V, 0 05A TO 0.4A
o
& ; S1ax
SHORT 't
+ b Vin Vsw : o + 4 3.3V, 0.1At0 1A
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3-53 —~ 50V 1uF
SXE ! I >
L
SHORT 221k
_ SHORT

S P.G. SINGLE POINT GROUND, (STAR GROUND)

DARK LINES INDICATE HIGH CURRENT PATHS (SEE TEXT)

L1 = HURRICANE LABS HL8685

= COILTRQONICS CTX01-11959
ALL ELECTROLYTIC CAPACITORS, UN{TED CHEMICON SXE SERIES
LINEAR TECHNOLOGY CORPORATION 1993 FIG. 18-19

Input voltages can range from 8 V to 30 V. The load range on the 5 Vis 0.05 A to 5 A while the 3.3-V
load range is 0.1 A to 1 A. The circuit is self-protected under no-load conditions. Over all load and line
conditions, including cross regulation, the 3.3-V output varies from 3.25 V to 3.27 V. The 5-V output
varies from 4.81 V to 5.19 V under the same conditions.

In a typical application to 0.5 A on the 3.3 V and 0.25 A on the 5 V, efficiency is typically 76%.
With an input voltage of 30 V and a full-load condition, the efficiency drops to 66%. In normal oper-
ating regions, efficiency is always better than 70%. The 5-V ripple is less than 756 mV and the 3.3-V
ripple less than 50 mV over all line and load conditions.
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19

Counter 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.

2-MHz Frequency Counter
10-MHz Frequency Counter
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2-MHz FREQUENCY COUNTER
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1993 ELECTRONICS HOBBYIST HANDBOOK

130



2-MHz FREQUENCY COUNTER (Cont.)

$
16-STAGE

XTAL .| DIVIDE- DIVIDE- 4 BINARY DIVIDER
OSCILLATOR BY-10 BY-10 RANGE

START

TRIGGER GATE
OSCILLATOR LATGH : E B B B
STOP
y

INPUT

ANALOG
? AMPLIFIER

_| COUNTER

1993 ELECTRONICS HOBBYIST HANDBOOK

This is a schematic and block diagram of a 2-MHz frequency counter. It uses and LSI counter/dis-
play driver, LCD readout, and a few logic chips for timebase and timing pulse circuitry. Q2 and Q3
form a signal (input) amplifier.

The circuit contains a crystal oscillator built around U3-c and XTAL1, which provides the pri-
mary timing-reference signal. That signal is then divided twice to provide two additional timing ref-
erences, giving the circuitry three selectable timing references. The ICM7224IPL is an integrated
circuit that consists of the counter and display driver to drive the LCD-004 display.
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10-MHz FREQUENCY COUNTER
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10-MHz FREQUENCY COUNTER (Cont.)

The circuit consists of an ICM7208 seven-decade counter (U1l), an ICM7207A oscillator con-
troller (U2), and a CA3130 biFET op amp (U3). Integrated circuit Ul counts input signals, decodes
them to 7-segment format, and outputs signals that are used to drive a 7-digit display. Integrated cir-
cuit U2 provides the timing for Ul, while U3 conditions the input signal to provide a suitable wave-
form for input to Ul. The 5.24288-MHz crystal frequency is divided by U2 to produce a 1280-Hz
multiplexing signal at pin 12 of U2. That signal is input to Ul at pin 16 and is used to scan the display
digits in sequence. The cathodes of each digit are taken to ground several times each second, acti-
vating any segments of the digits whose anodes are high as the result of decoding by Ul. The crystal
frequency is further divided to produce a short “store” pulse at pin 2 of U2, followed (after about 0.4
ms) by a short “reset” pulse at pin 14 of U2. The frequency of the pulses is determined by the state
of U2 pin 11.

When pin 11 of U2 is taken to ground through S1, the pulses occur every 2 seconds and cause U2
pin to go high for one second, which prevents additional input signals from entering Ul. That causes
the count latched in Ul’s internal counters to be transferred to the display.

Intcgrated circuit U2 pin 13 then goes low for one second, allowing a new count to be entered
into the seven decade counters of Ul. That cycle is repeated, continuously updating the display
every two seconds.

When U2 pin 11 is taken to the positive supply rail (+5 V), the “store” and “reset” pulses occur
at 0.2-s intervals, resulting in a 0.1-s count-period. Ten input pulses must be counted in order for a
“1” to appear on the first digit, D1, so that the frequency being measured is obviously 10 times larger
than the frequency that is shown on the display. In that mode, the decimal points are driven by M and
visually indicate that the 0.1-s count period is being used.

The display must have af least seven 7-segment commaon-cathode multiplexed LED digits. Any
common-cathode seven-segment display can be used; no particular display is specified.
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20
Crystal Oscillator and Test 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.

Low-Frequency Crystal Oscillator
Crystal Oscillator

Easy Crystal Impedance Checker
Hex Buffer Crystal Oscillator
Multi-Output Timebase

Crystal Activity Tester

10- to 1-Hz Timebase

Crystal Tester

Wide-Range Crystal Oscillator
Pierce Oscillator
Crystal-Controlled Hartley Oscillator

134



NTE312

RF DESIGN

LOW-FREQUENCY CRYSTAL OSCILLATOR

t15V

AV
OOutput

NPN transistors: (4) BC548

FIG. 20-1

QR1, Q2, and the associated circuitry form a modified astable multivibrator in which the loop gain
is automatically adjusted to the threshold of oscillation by means of field effect transistor Q3. Q4 lin-
early amplifies the-signal present at the collector of Q2 and isolates the oscillator section of the cir-
cuit from the output. This stage features wideband operation and delivers a clean 2.5-V amplitudc
sinc wave into a resistive load greater than or equal Lo 20 kQ. The stage comprising Q5 has a voltage
gain of 1 and its sole purpose is to isolate the nonlinear effects of rectifier D1 from the output.

Ag

CRYSTAL OSCILLATOR -

XTAL

— 0

N,
220 k{)

22pF :|A\

WILLIAM SHEETS

Parallel
resonant
fundamental
cut

51050 uF
tnmmer

||}4}1'\

FIG. 20-2

The CMOS amplifier is biased into the linear
region by resistor Ry. The pi-type crystal network
(Cl and C2, and XTAL) provides the 180° phase
shift at the resonant frequency which causes the
circuit to oscillate.

135



EASY CRYSTAL IMPEDANCE CHECKER

]

Rg reference

resislp

RReF

Make
identical

Crystal

/ under lest

Swep! RF source

Rp¢F signal

ELECTRONIC DESIGN FIG. 20-3

On occasion, microprocessors/microcomputers and microproccssor crystals just aren’t compati-
ble with each other. Many microprocessor data sheets specify maximum values for a crystal’s equiv-
alent series resistance (R,) that aren’t met by some crystals advertised for microprocessor/
microcomputer use. As a result, a crystal with an £ value greater than the maximum specified for
the chip might cause problems, such as abalky or even inoperative clock oscillator.

To tackle this problem, a suspccted crystal can be given a quick check for Ry with a simple test
setup that consists of a sweep generator, oscilloscope, and three resistors (see the figure). When the
frequency source is brought to the crystal’s frequency, output 2 will maximize. If it exceeds the am-
plitude of output 1, the crystal's B, value will be less than the R reference resistor’s value. If it
doesn't exceed output 1’s amplitude, the crystal’s K¢ value is too large.

HEX BUFFER CRYSTAL OSCILLATOR .

AAA

20",;.'99 Output
‘F—D&-
XTAL 210k A 4046 single section acts as a crystal oscilla-
—in—3 s s & ; - i
tor, driving another section as a buffer, leaving
four sections for other use. Use a 32- or 20-pF
4-40 pF parallel resonant fundamental crystal.
I 68 pF
10 pF
ELECTRONICS NOW FIG. 20-4
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MULTI-OUTPUT TIMEBASE
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1
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Ground
u ) 15]
2
RADIO-ELECTRONICS FIG. 20-5

A 1-MHz oscillator drives a binary counter to produce pulse widths from 2 to 65,536 ms. V+ is
any CMOS suitable level (6 to 156V, ete.).
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CRYSTAL ACTIVITY TESTER

_27pF
70 FREQUENCY
1-3M COUNTER
,J, +5vDC
Ik _ a
100 1 0.0I 100 -200uA
/<00l o0l Yo s (1)
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IN90s 2N2222
o O ate. efc. B
4
73 AMATEUR RADIO TODAY FIG. 20-6

This circuit will check a crystal for activity. Two sections of a 7400 act as an oscillator and its out-

put is rectified and drives an npn transistor that switches an LED (Fig. A). In Fig. B, a meler replaces
the LED.

10- TO 1-Hz TIMEBASE

+12V oV SV

10 Hz

1
g: 0.01 8

2

U9 1 Hz *

7490
u10

MM5369

6
F

Yi

L3

Reset
i0M

L P
<33 pF - o pFJ . ==14pF

— 3

73 AMATEUR RADIO TODAY FiIG. 20-7

This system uses an MMb5369 IC to derive a 60-Hz signal from a TV burst crystal (3579 MHz). V8

-and V9 producc a 10-Hz and 1-Hz signal from this 60-Hz signal. Y1 can be any parallcl-mode 3.579-
MHz crystal.
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CRYSTAL TESTER
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73 AMATEUR RADIO TODAY FIG. 20-8

Q1 acts as a Colpitts crystal oscillator, and if the crystal under test is operational, the RF signal
is rectified by D1 and D2, turning on Q2 and lighting indicator LED2. LEDI is a power indicator.

WIDE-RANGE CRYSTAL OSCILLATOR

A circuit using one 7400 TTL 1C can use ctys-
tals of the fundamental type, from 1 to about 13
MHz. Output is rich in harmonics, making this os-
cillator useful for calibrations and test applica-
tions.

U1 =7400 or 74LS00

2lu1a i

3.579545 MHz
it

73 AMATEUR RADIO TODAY FIG. 20-9
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PIERCE OSCILLATOR

22 kQ
+6V
o—[]| 820 O
65 MHz 10 pF
| (
LAY
l & Qi
10 pF 470 pF RL=506
1 § 22 k()
= 1.5 k()
Q1 = 2N3563

WILLIAM SHEETS

FIG. 20-10

This Pierce oscillator uses a fundamental-mode 65-MHz crystal.

CRYSTAL-CONTROLLED HARTLEY OSCILLATOR

POPULAR ELECTRONICS

FIG. 20-11
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Current-Source Circuits

I — I I

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.

Current Source for Low-Resistance Measurements
Precision Positive Current Source

Bilateral Current Source

Precision Negative Current Source
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CURRENT SOURCE FOR LOW-RESISTANCE MEASUREMENTS

4 o
I L ost® R,
B1 POWER 4 8 K]
15V 3 47mH
B2t Ot 7
mM
1.5v'[ 100 ok " .
2 | TLCS55 D1 47
D 5 14148 +—HK—
WA\ POWER
c2 02
s T ! 9 VOLTS 1N4001
< +
L A2 R3 & $ 33K H—e +—e
2 000 10KP RB = 0
1 1V 18K 10 at
+ ALA
7 f MM A9 - IRFB21 |
L R7 & 1AMP INys 10k GE
> o
1/ LM393 50002 -:J N A )s
us Ri & U3
TOP VIEW 15K $ _r._mm-, 2 /2 LM393 JTi
@ Re g C4 cs 100
1xg ! k) 1WATT
AAA
S ; A4 LA A4
T o
O D FRONT VIEW

1993 ELECTRONICS HOBBYISTS HANDBOOK

FIG. 21-1

Uscful for low-resistance measurements, this 1-A current source will produce 1 A in unknown
resistance R . For best results, R, should be less than 1 to 2 Q, because only 3 V are available. Ul is
a flyback converter to generate 9 V for U2,

-

PRECISION POSITIVE CURRENT SOURCE

LM4431

NATIONAL SEMICONDUCTOR

An LM4431 precision 2.5-V reference and an
LMC6062 op amp to make a positive current
source, from 1 mA to 10 mA.

FIG. 21-2
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BILATERAL CURRENT SOURCE

ey

, R6 3
V+ <—>—:: 1K
BALANCE
R3V,,
Your = R? o
RIRS 100K lour
R3=Rd4 + RS 1
R1=R2 =
POPULAR ELECTRONICS FIG. 21-3

Using two op amps, this circuit produces current proportional to V..

PRECISION NEGATIVE CURRENT SOURCE

LM4431

A National Semiconductor LM4431 reference
and an LMC6062 op amp make up a negative cur-
rent source. Current range is 1 HA to 1 mA.

-2.5Vto -12V R2

NATIONAL SEMICONDUCTOR FIG. 21-4
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Current Limiter and Control Circuits

— E——

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.

Offset-Adjusting Current Source
Inrush Current Limiter
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OFFSET-ADJUSTING CURRENT SOURCE
Vee ? Voo 2

Rs

e

2. Modifying the configuration

of Flgure 1 can rectify the problem of the
current source being turned on by the
voltage offset. The addition of Ry aliows
an adjustment that guarantees turn-off
A for any op-amp offset specification.

1. Though this setup can act as a
cost-effective current source with an
output accurate to 1%, the voltage offset
will turn on the current source even
when Ve equals V.

FiG. 22-1

By carefully choosing components, you can create a cost effective circuit for a current source

with an output that’s accurate to 1% (Fig. A). I, (the current flowing from the collector of Q1) is
Voo~V (the voltage at the wiper of R3) divided by the value of R,,.

In some instances, it’s important to be able to turn off the current source (within the limits of
1., Tor Q1). Unfortunately, in about half of thesc cases, the offset voltage (V,¢) of the op amp will
turn the current source on even when V., = V.. That’s becausc the offset voltage (when the nonin-
verting input needs to be at a higher potentlal than the inverting input to get an output of 0 V from
the op amp) is impressed across R2. This offset, voltage forces Q1 to turn on enough to yield a col-
lector current of V. divided by R,,.
Figure B offers a fix for this predicament. The addition of R7 presents the emitter of Q2 w1th a

Thevenin equivalent voltage and resistance represented by:
V.. = Vee A -Kp)

TH
R, +R,

Royy = Ry x By
R, +R,

The difference between V,,and V., is V. (R /R + R;). If V.. (R/R; + R) Is set equal to the max-
imurm V7, spec for the op amp in question, the circuit is then guaranteed to turn off. This circuit has
an output current of V. — V,, divided by R,

The compromise of Flg B does present another error term in the circuit. The term (V,, - V},)
will have to be 2 x V,, to guarantee a current output for whole population of the op amp chosen. This
error can be made arbitrarily-small (but not zero) by increasing the voltage of D2 and V., while rais-

ing the value of D2 and V, while also raising the value of the equivalent resistance RTH
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INRUSH CURRENT LIMITER

R8
(SEE TEXT)
o AIA °
Pt ] =1
1000 LTS S
A1 | movi R9 J v
130V 1MEG !
O !
C1 ]2 2 :
1.2uf 2.2MEG MPSAS4 !
AC R4 ! R
K 'y Nl
INPUT b3 o W | ourput
1“:!“” o AAA. . /-\ . 22“ 4
) g \ A4 4 1% ]
D% Y !
1N6782 1N5742 )
ot RY1
D2 238 $RI e oy MPSAM m%tsm
1 INS742 220uF i’ 22K 1004F
.4 . " \ ! . 3
NEUTRAL

ELECTRONICS NOW

NTC thermistor for limiting inrush current.

circuit is ready for immediate rcstart.

Q1 is an npn'Darlington and Q2 is a pnp Darlington. MOV1 is a metal-oxide varistor and R8 is an

This circuit limits ac line current to a load. When a prcdetermined interval has passed, RY1
shorts out thermistor or resistance RB. R4 can be 150 kQ if R9 is not used. If power is removed, the
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Delay Circuit

— A I - A

The source of the following circuit is contained in the Sources section, which begins on page 675.
The figure number in the box of the circuit correlates to the entry in the Sources section.

Power-On Delay Circuit
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POWER-ON DELAY CIRCUIT

o
¥ 0——'69
' DELAY TIMES
,,,,,E +—® Switches S, Time (s)
Re1 = V23127-A0006-A101 IN4148 L 1 3 4
f 0| 0 0 ] 0.0
1N4148 4 09 C"Lzm pe 0 0 0 1 5.1
0| 0 1 0 10.2
1N4148 A3 0| 0 1 1 15.4
a2 2 0 1 0 0 20.5
o} oy . o 1|01 256
o100 0 1 1 0 30.7
@ {t-dBswo | [ o | 1 | 1| 1| 358
5 5 1 0 0 0 41,0
i 0 0 1 46.1
cz R3[TJRe 1 0 1 4] 51.2
gl |2 1] 0 | 1 1 56.3
vl - 1] 1| 0] o| 614
o2V 3 101 ] 0] 1 6.6
4x 1N4007 o ] 1 1 1 0 71.7
\_ & : -L 1 1 1 1 76.8
ELEKTOR ELECTRONICS FIG. 23-1

Using an IC to count ac mains pulses, the circuit produces 16 various delay times, where ac
power is applied to a load after a preset interval.
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Detector, Demodulator, and
Discriminator 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.

Bug Detector

FM Demodulator

555 Missing Pulse Detector
Simple Full-Wave Envelope Detector
Open-Loop Peak Netector
Closed-Loop Peak Detector
Fast Pulse Detector
Air-Flow Detector

Negative Peak Detector
Low-Drift Peak Detector
455-kHz FM Demodulator
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BUG DETECTOR

ca I----1F
01 B1 R
I +9V 20
1000
R22 c - My
20 o c7
Wv—e R9 01
R6 1MEG
5600 W
P RS RI0 &
1 <
R ¢ 20| | o N peasoap | TOOK3
K > AAAA
3 3|uta
+ 1
R21 -
R5 ;E R17 ghe 1 4700
1.5K 3 0K LK R11 &
M a7k $ =
' ce b R18
< Ri13 S
Fax | vmcaap | Y F 4K
13N
14
12| Ut-b >—=
/ 1/4 MC3403P
9
$R12 R14 - 8
$ 47K 10K MR ]
AAA,
0z - R23 A15
PN2222 1K 100K
=

1992 PE HOBBYIST HANDBOOK FIG. 24-1

The circuit, built around a single integrated circuit (U1, an MC3403P quad op amp), three trah-
sistors (Q@1-Q3), and a few support components, receives its input from the antenna (ANT1). The
signal is fed through a high-pass filter, formed by C1, C2, and R1, which eliminates bothersome 60-
Hz pickup from any nearby power lines or line cords located in and around buildings and homes.

From the high-pass filter, the signal is applied to transistor @1 (which provides a 10-dB gain for
frequencies in the 1- to 2000-MHz range) for amplification. Resistors R2, R3, and R4 form the biasing
network for @1. The amplified signal is then ac coupled, via capacitor C4 and resistor R7’s (the sensi-
tivity control) wiper, to the inverting input (pin 2) of Ul-a. Op amp Ul-a is configured as a very high
gain amplifier. With no signal input from ANT1, the output of Ul-a at pin 1 is near ground potential.

When a signal from the antenna is applied to the base of @1, it turns on, producing a negative-go-
ing voltage at the cathode of D1. That voltage is applied to pin 1 of Ul-a, which amplifies and inverts
the signal, producing a positive-going output at pin 1. Op amps Ul-b and Ul-c along with C8, R10
through R18, and Q2 are arranged to form a voltage-controlled oscillator (VCO) that operates over the
audio-frequency range. As the output of Ul-a increases, the frequency of the VCO increases. The VCO
output, at pin 8 of Ul-c, is fed to the input of Ul-d, which is configured as a noninverting, unity-gain
(buffer) amplifier. The output of Ul-d is used to drive Q3, which, in turn, drives the output speaker.
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555 MISSING PULSE DETECTOR

+10V
A
g[ 220 kS)
330 0
Relay
Clock 3 4
>>—4 2 LED
NE
r 6 555 4
7
- 1 5
2N3906 | l
4 I 0.01 uF
N o= 0.1pF
WILLIAM SHEETS FIG. 24-3
This missing pulse detector can use an LED or relay output.
SIMPLE FULL-WAVE ENVELOPE DETECTOR
V+
Negative-going
A rectified envelope
b—————o
RF transformer with center-tapped b W
l secondary 2N4124 2N4124
@ Center tap 1N914s
- (optional)
Last i-f & |
Te Positive-going
Class-A ractified envelope
bias y
. RF bypass DC
] vP RF bypass :I: bias
ELECTRONIC DESIGN FIG. 24-4

Simple, yet sensitive, this amplifying full-wave detector circuit has an almost zero rectification
threshold. It presents a highly linear RF load to the final IF stage. The gain for the collector output is
given (approximately) by » /», The emitter output gain is slightly less than unity.
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OPEN-LOOP PEAK DETECTOR

D1
1N§712

LINEAR TECHNOLOGY FIG. 24-5

In this open-loop design, the detector diode is D1, and a level shifting or compensating diode is
D2. Load resistor B, is connected to -5 V, and an identical bias resistor B, is connected to -5 V, and
identical bias resistor Ry is used to bias the compensating diode. Resistors with equal values ensure
that the diode drops are equal. Low values of E; and E (1 kQ to 10 kQ) provide fast response, but
at the expense of poor low-frequency accuracy. High values of R, and &, provide good low-frequency
accuracy, but cause the amplifier to slew rate limit, resulting in poor high-frequency accuracy. A good
compromise can be made by adding a feedback capacitor Cy,, which enhances the negative slew rate
on the (-) input.

CLOSED-LOOP PEAK DETECTOR

5 .
Ro
s712 0
Voog
Rg
Yiv 2 500 c
IompF
LINEAR TECHNOLOGY FIG. 24-6

This closed-loop peak detector circuil uses a Schottky diode inside feedback loop to obtain
good accuracy. The 20-Q resistance R, isolates the 0.01-pF load and prevents oscillation. The dc
value is read with a DVM. At a low frequency, the error is small and dominated by the decay of the
detector capacitor between cycles. As the frequency rises, the error increases because capacitor
charging time decreases. During this time, the overdrive becomes a very small portion of a sine-
wave cycle. Finally, at approximately 4 MHz, the error rises rapidly because of the slew-rate lim-
itation of the op amp.
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‘FAST PULSE DETECTOR

D1
1N5712

CL

I 1000pF

LINEAR TECHNOLOGY FIG. 24-7

A fast pulse detector can be made with this circuit. A very fast input pulse will exceed the am-
plifier slew rate and cause a long overload recovery time. Some amount of dv/dt limiting on the input
can help this overload condition, however this will delay the response.

AIR-FLOW DETECTOR NEGATIVE PEAK DETECTOR
115V
A
R1 R2
e 2 oUTPUT
lxg o g HIGH +15V
2 WITH b
U2 - AIR FLOW
LM335 ——0 R2
= IMEG -
R3 ¢ < RS AAA
880 @ ® IMEG M
R4 7
106§ u3 6
TRIP POINT & LM335 /1
ADJUST 1 20K
= LM310
*SELF HEATING IS USED TO DETECT AIR FI OW INPUT
OUTPUT
POPULAR ELECTRONICS FIG. 24-8
Two precision temperature sensors are used
to detect a small temperature difference. When
air flow occurs, self-heating of the LM335 is re-
duced, and the output of the two temperature
sensors is unequal. This is amplified by Ul. POPULAR ELECTRONICS FIG. 24-9

154



LOW-DRIFT PEAK DETECTOR

Leakage of D2 is provided by fecdback path

POPULAR ELECTRONICS

through R,

Leakage of circuit is essentially 1, (LF155,

LF156) plus capacitor leakage of Cp.

Diode D3 clamps V_ . (Al) to V-V, to im-
prove speed and to limit reverse bias of D2.
Maximum input frequency should be <<%n
e Where Cp,, is shunt capacitance of D2.

RC

FIG. 24-10

73 AMATEUR RADIO

455-kHz FM DEMODULATOR

+9V
rJ'Fil
INPUT FROM (a1 2
HAMMARLUND ¢
HQ 170-A
$R2

*C3
_j_ $5230 0OO0ILF
’]7 Oluf ___)
10 8
2 7

3

! ‘ |9_) ) t_l& ’7;
AUDIO OUT TO
Ci EXTERNAL

AMPLIFIER

100pF 8 27pF ~9V
IN PARALLEL

%C3 1S REQUIRED TO ELIMINATE POSSIBLE OSCILLATION IN THE

CONTROL CURRENT SOURCE

FIG. 24-11

Free-running frequency of VCO: /. = 1.2/4 (R,) (C))

lock range f, = +8f /1.

2nF
capture range f =+ % [ L
,

where r = (3.6 x 10%) (C2)

Useful for NBFM reception on older shortwave receivers lacking this capability, this circuit uses

a PLL IC, an NB65N, to achieve this. It was originally used with an cld Hammarlund HQ-170 receiver,
for both 6- and 10-m FM reception.
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25
Digital Circuits

— —— — S

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 Entry Lock

Digital Audio Selector

Digital Multiple-Gang Potentiometer Control
Digital Resistance Control

Digital Capacitance Control

BCD Rotary Switch
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DIGITAL ENTRY LOCK

1 (ENABI — ,
_2 |UNSELECTED KEYS ~ LOCK CONTAOL | 33 +6-12VDC e ono
(RESET) OUTPUT i H

3, CONVENIENCE | 12 T — B
4 - 1 KEYPAB fzzo o | K
—'2| seLecTEDKEYS ~ SAVEINPUT — COMMON = 1NS14 | SVOC
sl [m SEQUENCE  gavE INDICATOR |10 o1 =
s OUTPUT L& . 1 24 J 3 14 1200
S, Voo |2 T (SEE TEXT)
7 LOCK INDIGATOR | 8 o 2 2 4 12 R2
— LOCK INPUT OUTPUT r I 4 3 2 5 13 2.2K
AAA
187220 ut vy
. a1
—'Le 1 4 2 6| Ls1220 |13 N304
The LS7220 keyless lock (a pinout .L ) 5 20 2 9
of which is shown here) is a special- o
purpose IC designed to accept a
four-digit cade. P Le 8 6 A~ 119 7 ‘# g%
—1:-; 5 7 s "
J-—,\ 2 8 17 I
Tl o] |s e
—13 9 10, 15
T=lg 1| "
T 3 12] . 13
1992 PE HOBBYIST HANDBOOK FIG. 25-1

A block pinout diagram of the LS7220 keyless-lock 1C is shown. The keypad must provide each
key with a contact to a common connection. In this case, the common connection goes to the posi-
tive supply rail so that when a key is pressed, a positive voltage is passed through to the wire associ-
ated with that key. Each of the 12 keys are brought out to separate wires, and each wire is connected
to a different pin of a 24-pin socket (SO1).

To activate (unlock) the circuit, a preprogrammed four-digit access code must be entered in the
proper sequence. The four-digit access code must be entcred in the proper sequence. The four-digit
access is programmed into the circuit by connecting jumpers between terminals of a 24-pin plug-in
header.

When the correct access code is entered (in the proper sequence), positive voltages appear at
pins 3, 4, 5, and 6 of Ul. That causes Ul to output a positive voltage at pin 13, which is fed through
resistor R2 to the base of Q1, causing it to conduct. With Q1 conducting, its collector is pulled to
ground potential, energizing rclay K1. The normally open relay contacts close, switching on any ex-
ternal device.

Capacitor C2 controls the total time that the output of Ul at pin 13 is positive after the release
of the first key. With a value of 3.3 uF for C2, active time after release of the first key is about two sec-
onds, assuming a 6-V supply or four seconds with a 12-V supply. Therefore, if you push the subse-
quent keys too slowly, the relay might not close at alll To increase the time allotted for code entry,
you will have to increase the capacitance of C2.
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DIGITAL AUDIO SELECTOR

—®
L1 TEPTIeP -« D1 . {]
glvioilll ole] 2= " €3 15V
- 1N 781.05] | 3wa
© X Ie O ® A
A= Ve @ 1;::' 1c2 Ct5 et 12 c13
8= 1ve [ 560C WS
c=ove ™ D
b= ave e O -IV-OM ? mTuv 1ouzsv
CONTROL E =14Vve
INPUT D F=13Ve lsoopA 2]
Guay2
H=2vi Tmn
J= 21
©®
[2)]
I Ry R1D| s l"_ .
: ..... ona : 2208
1
@. qll"ﬂnn ®
' H
v -
H :
’ HH
: P
1,0 1 @
?_ C|Dlllion
0
1C1= 74LS 45, 74LS 145, 71:‘:
74HCT 45, 7AHCT 145 -
303 CIRCUITS FiG. 25-2

This circuit uses switched emitter followers, rather than the usual analog switch CMOS chips.
This yields better reduction of crosstalk between channels. This circuit can handle up to 4V with

less than —80-dB crosstalk.

DIGITAL MULTIPLE-GANG POTENTIOMETER CONTROL

N Analog switches
CD4016, CD4066, efc.
J s ® ® &) ®
Audlo in
555 l—l )
47k0 é 4 o
O (0]

INg14 L T ® &) ©)] ®

150 pFI J_ A_L Audio out

= Too1

Infout 4M7— QOutfin

Control analog switch

WILLIAM SHEETS

FIG. 25-3

A 555 timer can be configured to simulate a multi-gang potentiometer by controlling the mark-
space ratio. The switching rate should be at least twice the maximum expected signal frequency the

potentiometer has to handle.
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DIGITAL RESISTANCE CONTROL

%Fk
IC1a

O A

ProtaL
e}
;4.‘?
IC1c 8
—O C
§8R
IC1d %
—O D

Quad
analog
switch

WILLIAM SHEETS

A = 500 (O to 500 kQ
RrotaL = 0to 15R
A, 8,C, D = Logic input

IC — CD4016 or CD4066

FIG. 254

Digital resistance control is possible with bilateral switches. Do not forget that analog switches

have “on” resistance.

DIGITAL CAPACITANCE CONTROL

IC1 — 4066B
Quad analog switch

AO IC1a
C
(LSB) >< I€

Logic £—>< 1 {

input IC1c Digital capacitance control is possible with

CO—

b IC1d

(MSB) 8c
O—

CroTaL CrotaL = Clo 16C

C =100 pF to 1 pF, etc.

WILLIAM SHEETS FIG. 25-5

i 4c bilateral switches. Do not forget to consider “ON”
resistance of the analog switches.
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BCD ROTARY SWITCH

1C2 = 40708

I
A T80T,

X 9 13
i ’_,J Ic2a
/ — 3
5 Bl s A
0 / 1 e »-% ©,
&
‘? 2| 5 401478
o 3 éls 2 10
G 4 F b_g) G
EN 2k
10| 5 =114 12

1

ELEKTOR ELECTRONICS USA FIG. 25-6

This circuil allows a simple rotary swilch to emulate a BCD switch. The circuil draws about 200
mA. A 10-position rotary switch is used.
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26
Display 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.

4033 Display Circuitry Comimon Cathode
Cascaded 4026B Counter/Display Driver Circuit
Large 1.CD Display Buffering Driver

7-Segment LCD Driver

LED Display Leading-Zero Suppressor
7-Segment Common-Cathode LED Display Driver
7-Segment (LED) Display Driver

4543B 7-Segment LCD Driver

Gas Discharge Tube or Display Driver

4511B Common-Anode Display Driver
Fluorescent Tube Display Driver

4543B Common-Cathode LED Driver
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4033 DISPLAY CIRCUITRY COMMON CATHODE

To next decade (hundreds)

5 Tens
CY
Out a 10
b 12
c 13
49 Display
11
3 e
RBI f
16 Voo g 7
GND LT Cl RS CK
8 [14 [2 |15 1 i
Com.
= cathode
+Vee =
5 Units
CcY
out |10
b 12
c 13
d 9 Display
s e 11
RBI f
16 Veo 9 7
GND LT Cl RS CKJ
8 14 2 15 1
I Com.
— cathode
+Vee =
O
Clock in

WILLIAM SHEETS

FiG. 26-1

To drive two or more common-cathode displays two or more 4033 decode counters can be cas-

caded.
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CASCADED 4026B COUNTER/DISPLAY DRIVER CIRCUIT

To next
decade if needed

T Tens

a 10

b 12

o L18

40268 o Display

3 e 1

D/E s

16 7
Reset C1 GND CK

+Vee B 12 18 |1 l Cathode
5 Units

CY out

a 10

p |12

c 13

40268 a8 Display

3 e 11

DE ilL6

16 7

Voo g
Reset €1 GND CK
+ Voo 5 12 8 l Cathode

Clock in
@

WILLIAM SHEETS

FIG. 26-2

Two or more 4026B counters can be cascaded as shown 1o give a multiple-digit display. Two,

three or more displays can thus be connected.
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7-SEGMENT LCD DRIVER

2 Required

7486

, 74L886, etc.

exclusive OR gates or equivalant

»—-‘]

7.

o

| a
} —b
1
! —c
. —d 7 Seg.
' LCD
' e display
' —
! —8
Back
plane

Square wave

— A
BcD | °
inputs ———— ¢
— D
7448
741548
o BUABO
RBI
LT
WILLIAM SHEETS

50 Hz
5V

FIG. 26-4

This circuit shows how a 7448 IC is used to drive a 7-segment LCD display. An external 50-Hz
square wave supplies necessary phase signals to the back plane of the display.

LED DISPLAY LEADING-ZERO SUPPRESSOR

ﬂvﬁﬂ ﬂ ﬂ7

WILLIAM SHEETS

RBI
MSD —> DISP
RBO/BI
RBI »
MSD —> DISP
RBO/BI
RBI 2
MSD [—> DISP
RBO/BI
:
RBI
LSD
———> DISP
FIG. 26-5

The diagram shows how to connect 7447-
type IC devices for leading-zero suppression in
an LED display.
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7-SEGMENT COMMON-CATHODE LED DISPLAY DRIVER

Ry
— A a AAA— Ay should limit drive current to segment rated value
Data B b VWY vy
input | ° Common _ Yec ~ VoispLay
c CcD AAS cathode & ! geaMENT
— D 4511B d A\ LED
display
LT e VA Typical values Vg = 12V, Vpapray = 2.5V,
BL [ iVavavey lseq ~ 20 mA
Vee 9 A
GND LE _12-25_
J_ J_ l Ay = 002 475 (use 470 (1)
+12V = - =
WILLIAM SHEETS FIG. 26-6

A CD4511B CMOS LED display driver can be used to drive a common cathode LED display. Cur-

rent limiting resistors limit the segment current to the rated value at maximum supply voltage. A
sample calculation is shown.

7-SEGMENT (LED) DISPLAY DRIVER

Ry R _Vour = VseaMenT
A A a—\AA— 2 ! seamENT
B B b —\A\A— b Typical* Voyr = 43V Vsegment = 25V lggg =20mA
c q¢C c—VWWN— € Common 43-25
D <D d A d a:g(tj’e Ry = 002 =180
BIURBO & MVV—je  display . _
REI f Eaan— 1 An IC1 like a 7447 drives a 7-segment com-
LT g F-AA— g mon anode LED display. Current limiting resis-
l tor R should limit the segment current to the
= = 1BV rated value.at 1}13x1mum supply voltage. A sarn-
ple calculation is shown.
WILLIAM SHEETS FIG. 26-7
4543B 7-SEGMENT LCD DRIVER
LCD
—A a
scb ) —B b
input c c
—D d
e The circuit shows a frequently-used method
] Lg ! of driving an LCD display. A square-wave drive is
N hase BL - neeessary for this application.
J_ = Backplane
Sql;re
WILLIAM SHEETS FIG. 26-8
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GAS DISCHARGE TUBE OR DISPLAY DRIVER

WILLIAM SHEETS + Ve FIG. 26-9
+ Ve Gas discharge
tube To drive the display, R, should provide
a drive of about 1 mA to the gas discharge
— Ve tube. R is a current-limiting resistor.
CD4543 B Segment n
drive Vepo= 125V,
‘ GND Phase
[8 lﬂ
% = Ag =Ry,
4511B COMMON-ANODE DISPLAY DRIVER

N The usc of a switching transistor
¢ (like a 2N2222 or 2N3904) allows use of
A, the CD4511B with a common-anode
Vg display. Ry should be chosen to provide
* Common anade about 1 mA to drive Q1 and R, should
provide enough current to drive the dis-
> Segment crive R play. For this circuit, the transistor gain
—»  CDanB al (2N3904 typ\ca\ly) (H) should be at least the ratio of the
; segment drive current to the current

1

WILLIAM SHEETS

= through Ry.
FIG. 26-10

45438

GND_PHASE[ qgutpuT

FLUORESCENT TUBE DISPLAY DRIVER

FLUORESCENT

TUBE . .
A fluorescent tube or display can be driven

with a 45438 1C, as shown.

SEGMENT
DRIVE

g A

=
RADIO-ELECTRONICS FIG. 26-11
4543B COMMON-CATHODE LED DRIVER
! oo,
, display

CD4543B

Phase GND

WILLIAM SHEETS

.
.
A, 1
x | device
|
!
.

o I | This circuit shows a way of driving a com-
! mon-cathode display segment or an LED with a

CD4543B.
FIG. 26-12

167



27

Doorbell 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.

Electronic Doorbell

Twin Bell Circuit
Electronic Door Buzzer
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