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Preface

This latest volume of Tlrc En,cyc\opedicL oJ ELectron'ic: C'ircu,i,fs contains approxiniately 1000 new
electronic circuits that are arranged alphabetically into more than 100 basic circuit categories, rang-
ing from "Active Antenna Circuits" to "Weather-Related Circuits." When taken together wrth the con-
tents of the previously published six volumes, we provide instant access to more than 7000 circuits
that are meticulously indexed and cross referenced. This represents, by far, the largest
treasure trove of easy-to-find, practical electronic circuits avaiiable an5,r,vhere.

We wish to express our sincere gratitude and appreciation to the industry sources and pub-
lishers who graciously allowed us to use some of their material. Their names are shown with each
entry and further details are given at the end of the book under "Sources."

Our thanks also go out to Ms. Tara Tloxler, whose skill at the r,vord processor and dedication to
this project made it possible for us to deliver the manuscript to the publisher in a timely fashion.

Rudolf F. Graf and William Sheets
January 1998
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Photography-Related Ci rcu its

Th" .or,r""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Darkroom Exposure Timer
Simple Sl.nchronized Slave Photo Flash
Enlarger Timer Step Circuit (0 to 59 s)
Enlarger Timer
Constant-Exposure Enlarger Timer Circuit
Slide-Projector Stepper Circuit

715
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DARKROOM EXPOSURE TIMER (Cont.)

cuit is flrst energized, a positive pulse from C5 via D2 to IC4a pin 1 causes IC4a output pin 3 to go low
and IC4b output pin 4 to go high, the OtrF state. The high output of IC4b pin 4 charges C4 through
R13. When START switch S1 is pressed, output pin 3 goes high, the ON state. At the same time, the
pulse resets counter IC3 via its input, ph 11. Capacitor C4 u.i1l not be recharged until the output re-

turns to the OFF state, ensuring that if switch S1 is held dorr,rr or accidentally pressed again before

timing is complete, the output time u,ill not be affected. Timlng ceases when the link-seiected output
of IC3 goes high and resets IC4a through R14.

SIMPLE SYNCHRONIZED SLAVE PHOTO FLASH

LIGHT

Q1 TO FLASH
SYNC TER}IINALS

G

C

WILLIAM SHEETS Fig.79-2

ENLARGER TIMER STEP CIRCUIT (0 TO 59 s)

+V

r00x 100x r00K'toox r00K 1mK t00l( l00x 100x

t

ru rlt tM lll tM

50 ito to 20 lo 0
10

tF+ o

8€COXD8
9!7C14321

SECOllDS

ELECTRONICS NOW Fig.79-3

This circuit shows how to set up a NE555 timer to produce timing steps from 0 to 59 s in l-s intervals

717

47K

A light-activated silicon-controlled rectifier (Q1) is triggered by a flash of light from the master
flash unit.
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ENLARGER TIMER

s1

81 - R1r
lMlX

t6fr6FFt

R5

c1
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LAMP
otI

D
S4a

+

s4b

+12V

N.R 02-D5llffi
50v 1A

EVERYDAY PRACTICAL ELECTRONICS Fig.79-4

This fairly accurate design is also suitable for color work. Unlike rnany simple timer designs, this
unit is based around the LM3905N 8-pin D.I.L. precision timer IC, which repeats the timing period
very consistently with little drifl, although the accuracy of the timer depends on the tolerance of the
components used. In the circuit diagram, ICl is an LM3905N timer whose period is determined by an
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ENLARGER TIMER (Cont.)

external RC netw-ork selected by switches 51 and 32. Tlie formula for the time period is t:RC, where

I is in seconds, E is in ohms, and C is in farads. Switch 51 is a single-pole, 12-way rotary type which
selects among timlng resistors Rl to R11. 52 is a three-pole, four-way rotary surtch that progressively

adds Cl to C3 ttt, para\Lel with C4, thereby adjusting the timing capacitance range. In conjunction
with the 1-percent resistor network (R1 to R11), each 1pilM pair represents a 1-s period; hence, the

maximum possible perlod is 44 s. Timing is illtiated by closing switch S3. A floating output transistor
y-ritl.tzrt IC1 drives a PNP buffer, which, in turn, operates relay RLA. The circuit requires roughly a 12-

V rail, and the re1a5, coil is chosen accordingly. The IC will operate from 4.5 to 40 Vdc, and a standard

full-wave power supply can be used. The relay contacts RLA1 switch on the enlarger bu1b, and a sep-

arate pOCUS switch (S5) can be included across the relay contacts (or perhaps drive the relay coil

manually), if desired.

CONSTANT.EXPOSURE ENLARGER TIMER CIRCUIT

+V

200K

1.3M lM 6(xrK 470K S(xrK 240K 160K 't20K 82K

4532A2 16 11 85.642.82
sEcoNos

10 gF

ELECTRONICS NOW Fig.79-5

This circuit shows how to set up a NE555 timer to produce time steps proportional to f/stops.
Shown are values for switch-selected times of 2,2.8,4,5.6, etc., through 45 s for constant exposure
with various enlarger lens settlngs.

I
555
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SLIDE.PROJECTOR STEPPER CIRCUIT

+ -t
R1

150(r

B1

9V

P1 Jl
2

4

I,O
JPRorEcroR

1

RY1+

ELECTBONICS NOW Fig.79-6

This circuit uses a 555 timer to drive a relay connected to a slide projector to provide automatic
aclvance. R4 sets the time between slide changes.
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80

Power-Supply Circuits-Ac to Dc

Th" ,o.,.""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

135-Vdc Supply
Vacuum Thbe Erperimenler's Supply
10-W CW Ttansceiver Po.uver Supply
Series-Regulated Linear Pou,-er Supply
Off-Line 24-V 100-W Dc Supply
Smart Ac Power Strip
Antique Radio Power Supply
IR Transmltter Power Suppll,
5-V Off-Line Regulator
Off-Line Regulator
Dual5-V Supply
Vacuum-T[be Audio-Amplifier Por'ver Supply
Simple Digital-Panel Meter Polr.et Source
5-V Power Supply
Dual 51-V Sr,ritching Pon'er Supply
High-Current Pou.,er Supply
1 5-V Receiver Power Supply/Charger
Simple Dual-Voltage Porvet Supply

721



vDc +
c1
40

D1
lilaml

135.VDC SUPPLY

PLI

POPULAR ELECTRONICS Fig.80-1

This supply can be used for vacuum-tube experiments. It uses a 120:120 Vac isolation trans-
former to isolate the ac line from the dc output. T1 can be 30- to 100-mA capacity and C1 is a 40-pF
250-V electrolytic.

VACUUM TUBE EXPERIMENTER'S SUPPLY

T1
+250V

PL,1
6 I

5U4G

PL2

2.5 VAC

POPULAR ELECTRONICS Fig.80-2

This supply furnishes +250 V at about 60 nLA., 2.5 Yac at 4.5 A, and it has a balance pot for the
filament (B-return) center tap. Tl is a power transformer with 350-0-350 Vac, center tapped, 5 Vac
at 3 A. T2 is2.5 Vac at 4.5 A.

T1

il

hl
2.5K

C1

m

GND
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1O.W CW TRANSCEIVER POWER SUPPLY

1A

120
VAC

3A +24
To TEI-I

To fBt-2
T BR=RS276-1171

(4A, 100 Prv)
c=Rs272-1022

73 AMATEUR RADIO TODAY Fig.80-3

This power supply deLivers about 24 Vdc at 1 A and was originally used for supplying power to a
10-W CW ham rig.

SERIES.REGULATED LINEAR POWER SUPPLY

+vuNREG 01

ELECTRONICS NOW Fig.80-4

The ac line is isolated from the power supply by transformer T1. Full-wave diode bridge BRl de-

livers unregulated dc with ripple on it to the filter capacitor (C1.) The filtered dc is delivered to pass

transistor Q1, shown here in series with the load. The series-pass regulator with a transistor pass el-
ement regulates the voltage to ensure that a constant output level is maintained, despite variations
in the power line voltage or circuit loading. The basic linear series regulator consists of transistor Q1,
reference resistor R1, sensing resistors R2 and R3, voltage-reference zener diode D1, and operational
amplifier IC1, organized as an error amplifier. The zener diode D1 provides a fixed reference voltage
at the positive input to amplifier IC1. The output voltage of the supp$'establishes the emitter volt-
age and provides a feedback voltage for the negative terminal of the amplifier IC1. The equation for
the regulated output voltage is %"* 

: V,.r(I + R\ I R).

+

ry#T l-
177 t-7

T
,rl{l*^.3t

T1
A2

H3
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OFF-LINE 24-V 100-W DC SUPPLY (Cont.)

Today's electronic systems often rely on distributed power to support a myriad of control func-
tions. This contrasts with historical approaches, which provided a regulated dc voltage to each of
the subsystems with an off-line converter, often an expensive off-the-shelf box with less-than-optimal
reliability. Shown here is a discrete approach that simplifies the task of distributed power design,
saving time and money during system design. The LT1105 current-mode PWM control IC makes a
simple, low-cost, yet highly reliable distributed power supply with the added advantage of a cus-

tomizable footprint. The 24-Y output is regulated to better than +1 percent over a line range of 90

to 260 Vac and an 8:1 d5,rramic load range. A maximum output current of 4.2 A is available for a to-
tal of 100 W. AII components, including the transformer, are specified in this design. The trans-
former meets international safety standards UL 1950 and IEC950. This transformer and others that
provide 36 or 48 V at 100 W are available off the shelf. The LTl105 uses unique design techniques,
eliminating the optocoupler feedback normally found in off-line supplies, yet enabling the regulator
to provide tight line and load regulation. A totem-pole output drives the gate of an external high-
voltage FET (Q1), and switch current is monitored by sense resistor R22. Short-circuit protection
is provided by "burp" mode operation, whereby the LT1105 will continuously shut down and restart
during the fault condition.
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SMART AC POWER STRIP

LOAD SENSE

NEUTflAL HOT

LOAO S'YI''TCHED

HOT NEUTRALEXISTING
SWITCH OVEHRIDE

D1
1r{1l004

+

NEUTRAL HOT

AC LINE INPUT

2me0{

POPULAR ELECTRONICS Fig.80-6

The schematic of the Smart Strip circuit is shown. The ac line input is connected directly to the
717-Yac line of a power strip. The voltage is rectified by diode Dl and filtered by capacitor C2. The
load-sense lines are connected to the ac socket in the power strip that will contain the device that
will be used to turn the others on. When the load sense device is turned on, current flows through
Rl, a 1-.f), 10-W resistor. To limit the power in Rl to 5 W, therefore, a maximum load of no more than
5 A should be cormected to the load sense outlet. The resulting voltage drop across R1 is fed to one
section of an LMS5BN op amp, IC1-a, through resistors R2 and R3. Zener diode D4 limits the supply
for the op amp to 15 Vdc. The voltage drop across R1 could be very small if the device plugged into
the load sense socket does not draw much current. To ensure that the circuit is sensitive enough to
detect such small-load devices, the gain of IC1-a is set at 470 by resistors R2 and R4. Because the out-
put IC1-a is halfway rectified, diode D2 and capacitor C3 are used to form a peak-hold circuit. As long
as C3 is charged to 0.7 V or more (when a powered-up load sense device is detected), transistor Q1
will be on, and relay RY1 will close. When those normally open contacts close, the hot line is con-
nected to the "load-switched" sockets, effectively turning on any devices that are connected to those
outlets. Diode Dl, resistor R6, and capacitor C1 provide a dc supply for the 12-V coil of the relay;
diode D3 acts as a clamping diode.
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T1
12.SV

ANTIOUE RADIO POWER SUPPLY

BB1
6A

50 Plv
5.5VDC

1.5AR1

.33fi
SWATT 2t{5gli| +

PL.I
.SEE TEXT

POPULAR ELECTRONICS Fig.80-7

This supply was intended for powering an antique radio using 01A triodes needing dc filament
voltage. It is a straightforward zener regulator and pass transistor. The large values of capacitance
used are for reducing 120-Hz hum to a minimum.

IR TRANSMITTER POWER SUPPLY

TT

Q1'

Ft
3A

S1

05

L

N

E

0v

230V +!2V

OUTPUT

230V
HArNS c0l,i

sl b

0il / 0FF FSI
50,m4

ct0
10C n

OV

EVERYDAY PRACTICAL ELECTRONICS Fig.80-8

This supply provides 12 Vdc for an IR transmitter or other circuit. The current is about 260 mA.
A 120-V transformer can be substituted for the 230-V unit shown, if desired.
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5-V OFF-LINE REGULATOR (Cont.)

up to 100 m-A from the high-voltage source through the gate control line of the ICl, thus bypassing
it. The combined regulated voltage and current source from Ql and IC1 is then filtered through ca-
pacitor C2 to stabilize the regulated output. The regulated output of IC1 is applied to the LM340
(7805) voltage regulator (IC2) that regulates the output voltage of the combination of IC1 and Q1 to
a logic-compatible 5 Vdc. The total available current at the 5-Vdc output is 100 mA, more than ade-
quate current for most logic circuitry. The 5-Vdc is also filtered by 10-pF tantalum capacitor C3 for
additional circuit stability under full current load.

WARNING: There is no isolation between line and load, and a potentially dangerous shock haz-
ard exists. Do not use this circuit if the potential for accidental contact erists with the circuit and any
other person or device.

OFF.LINE REGULATOR

D1

INPUT
TRIMMED
VOLTAGE
OUTPUT

(SET BY RZR1)
e4TO?riVAC',

AC RETURN

ELECTRONICS NOW Fig.80-10

This circuit produces 8to 72 Vdc using an off-Iine regulator. The ratio of the resistors determines
the output voltage. The best value for E, plus Rris 250 kO, although the data sheet allows values
between 200 and 300 kO. The 250-kO value minimizes loading, permitting the circuit to provide
more accurate output voltage.

WARNING: There is no isolation between line and load, and a potentially dangerous shock haz-
ard exists. Do not use this circuit if the potential for accidental contact exists with the circuit and any
other person or device.
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DUAL 5.V SUPPLY

Hr
1]'VAC

- --l

+

-5V

Gr'rDh

Sil-tl

oN
o

LED2
DC ON

ti2
1.81(

+5V

POPULAR ELECTRONICS Fig.80-11

This is a cfucuit for a simple dual 5-V supply for experimental use. T1 is a 12-V center-tapped 0.3-
A transformer.

VACUUM.TUBE AUDIO-AMPLIFIER POWER SUPPLY

T1' T2'
BRl

44,{O0 PIV

+12OVDC
FILAMENl

R1

330(r

PLAIE/SCBEEII

.SEE TEXT

ELECTRONIC HOBBYISTS HANDBOOK Fig.80-12

A suitable power supply that provides isolation from the 120-Vac line is shornn. The circuit uses

tr,vo filament transformers connected back to back. The secondary voltages can be almost any value,
as long as they are equal. A 1: 1 isolation transformer can be substituted, if available. The transform-
ers should be rated at least 25 VA or more.
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SIMPLE DIGITAL.PANEL METER POWER SOURCE

+V

oo
DPM MODULE)

POPULAR ELECTRONICS Fig.80-13

This source will supply 9 to 12 Vdc with floating ground, needed by many digital panel meters.

5.V POWER SUPPLY

OUT

+

c3

--rE-

ELECTRONIC EXPERIMENTEBS HANDBOOK Fig.80-14

The 5-V power supply shown here will provide voltage-regulated power for digital ICs needing
up to 500 mA. With the 5-V power supply constructed as a separate unit, any circuit to be operated
can be plugged in, and this allows it to provide power for various projects. It can also be used where
a 5-Vdc, 500-mA supply is suitable, so it can, in some cases, be pressed into service where a 4.5- or
6-V battery would otherwise be fitted.
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DUAL 51-V SWITCHING POWER SUPPLY (Cont.)

ifying IC1's conducting state. Resistor R8 limits the current through the optoisolator, and C4 and R9

ensure that the optoisolator's operation is stable and safe. Also, R101imits surge current through TR1

when the supply is first turned on. Capacitors C5 and C6, along with R10, form a low-pass filter stage

that minimizes ripple current. Resistor R11 discharges C5 and C6 when the power supply is turned
off.

HIGH.CURRENT POWER SUPPLY

o2
1l{4001

+
S1 hJ

fi vout
PL1 V2 WATr

R1

-DEPENDS 
ON NE1

CHASSIS

a

POPULAR ELECTRONICS Fig.80-16

This 10-A power supply uses a 24- to 30-Y center-tapped power transformer that is capable of
delivering 5 to 10 A. The voltage output is controlled by the circuit consisting of R4, R5, and S3; note
that SS is part of R4. For a fixed-voltage output, R4 should be set for zero ohms (fuIly counterclock-
wise). In that position, switch 53, will open. Ttimmer potentiometer R5 should then be adjusted so

that the circuit produces a l2-V output (or whatever output your application demands). For an ad-
justable output, R4 is turned clockwise, closing S3, and removing R5 from the circuit. The output
voltage is then controlled by the resistance offered by R4 alone. When SPDT switch 52 is in position
1, the maximum output current is achieved, with both halves of T1 providing current to the filter sec-
tion to double the overall current output. However, the maximum output voltage is halved in that po-

sition. That is a more efficient setting because the power transistor need not drop as large a voltage.
In position 2, the maximum voltage almost equals the rating of T1. D1 and D2'are included in case
power is turned off with an inductive load attached.
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1 5.V RECEIVER POWER SUPPLY/CHARGEH

SW]TCt]f D
+r5v

TO nx
R39
r 5()

R42
200Q

OV

RX

EVERYDAY PRACTICAL ELECTRONICS Fig.80-17

This power supply is for powering a receiver or slmilar load at i5 V, 100 mA. The NiCd battery
pack ls a 600-mAh AA cell assembly and is charged at 50 to 60 mA. A 120-V primary transformer with
the same secondary voltage can be substltuted for the 230-V unit shor.rm.

SIMPLE DUAL.VOLTAGE POWER SUPPLY

SI +9-12Y

117

+
.SEE TEXT

-9-12V

POPULAR ELECTRONICS Fig.80-18

Thrs circuit can be used to power op-amp circuits or other applications that require dual plus and
minus supplies. This is a most basic circuit and is not regulated. T1 is a 1,20:1,2-Y transformer of 100
mA (or more) capacity.
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81

Power-Su pply Ci rcu its-
Buck Converter

Th" ,orr""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Negative Buck Regulator
Basic Buck Converter Circuit

735



NEGATIVE BUCK REGULATOR

01
L1: 3ASTPS3zOV

(sGS-TH0MS0N)

1 00pf

-5,2v

-3V

LOAD

c1
lmnF

R5

10k

MAXIM Fig.81-t

This circuit adopts a step-up (boost) dc-to-dc controller for use in a negative buck-regulator ap-
plication. The supply voltage must be negative, and it must deliver 160 to 750 mA. Although the
boost-regulator IC operates in a buck-regulator circuit, its standard connections enable proper con-
trol of Q1. The output voltage, however, must be inverted by an op amp for proper voltage feedback:
The load is referred to the most positive supply rail instead of to IC1's ground terminal, so the con-
troller must increase its duty cycle as 7",, (referred to that terminal) increases. The op amp there-
fore inverts the feedback signal and shifts it to match the 1.5-V threshold internal to IC1. IC1 is
configured in its nonbootstrapped mode, which provides an adequate gate-drive signal (ground to
-5.2Y for the external MOSFET (Q1). With 7o., set to -3 V and the output current ranging from
160 mA to above 700 mA, the circuit's conversion efficiency ranges from 84 percent to as high as 87.5
percent.
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BASIC BUCK CONVERTER CIRCUIT

l+

01

+ c1

ELECTRONICS NOW Fig.81-2

The buck regulator is an alternative single-transistor converter. Series transistor Q1 chops the
input voltage and applies the pr-rlse to an averaging inductive-capacitive filter, consisting of L1 and
Cl. The output voltage of this simple filter is lower than its input voltage.
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82

Power-Su pply Gi rcu its-Dc-to-Dc

Th" ,orr""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Step-Up Regulator
NE602 Dc Supply Interface
Step-Down Reguiator
Negative Supply Generator
Mlni Power Source
1.3-V Supply
3-A Low-Dropout Regulator with 50-pA

Quiescent Current
2-V Reference
2O-pA Quiescent Current Regulator
Inverter Output Stage of a Dc-to-Dc Converter
Inductorless Bipolar Supply Generator
Step-Up Switching ICllnverter
Basic Step-Up Output Stage of a Dc-to-Dc

Converter
Charge Pump Boost Converter

738

GaAsftrT Bias Suppiy
3.5-V 7-A Linear Regulator Supply
Dc-to-Dc Converter for Digital Panel Meters
Negative Regulator
LM317 Circult
Flash Memory V* Generator
3.3-V 7-A Suppty
GaAsFET Bias Supply
1-V 600-kHz Switching Supply
7-A2.5-V Supply
Voltage Regulator Sinks and Sources
Efficient Regulated Step-Up Converter
LT1580 Circuit
One-Cel1 Converter
5-V Micropower Linear Regulator



lc1
LM2577T ADJ

c2
100n

C4
100qr

C1
1 00$

EVERYDAY PRACTICAL ELECTRONICS

STEP.UP REGULATOR

L1

-_rr4_ ot

+5V lN

+12V (XJT

OV IN 0v o{JT

Fig.82-l

Refer to the figure for the circuit diagram of the step-up regulator. This circuit is based on an

LM25771-N)J, which is designed to give a combination of high performance and simplicity. It can
provide output currents of up to 3 A, and it has both overcurrent and thermal-protection circuits
built in. It requires a minimum input potential of 3.5 V, and it shuts down automatically if the input
voltage is inadequate. The maximum input voltage is 40 V. Capacitors Cl and C2 provide supply
decoupling at the input, and C3 and resistor Rl provide frequency compensation. Inductor L1, diode
Dl, and an internal switching transistor of IC1 form a standard step-up output stage, with output
smoothing provided by capacitor C4. Resistors R2 and RB and preset VR1 form a potential divider
that controls the output voltage. IC1 has an internal 1.2-V reference generator, and the voltage at pin
2 is, therefore, stabilized at this figure. With the specified values in the potential divider circuit, the
output voltage range is arourd 9.5 to 25 V.
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NE6O2 DC SUPPLY INTERFACE

c2
1uF

c't
1uF

+9 to
+28 VOC

3 /r' c3

-l- 
r 'rR1

73 AMATEUR RADIO TODAY

This is one method of deriving the 4.5- to 8.0-Vdc supply needed by the NE602 chip

Fig.82-2

U2
78s or

LM-340-n

U1

NE-602

STEP-DOWN REGULATOR

10k

+7V TO
4OV IN

OV IN

+1,2V TO
]2V OUT

C1
1 00p

OUT

EVERYDAY PRACTICAL ELECTRONICS Fig.82-3

There are several versions of the LM2575T. The device used here has an "ADJ" suffix, which ir-
dicates that it has an adjustable output voltage. Pin 4 connects to the inver[ing input of the internal
error amplifier. This amplifier's noninverting input is fed from a 1.2-Y reference source. A discrete
potentiometer connected across the output and feeding into pin 4 enabling the output voltage to be
set at any figure above 1.2 V. In this case, the potentiometer is formed-,by \lRl in series with resistor
R1. The adjustment range provided by VR1 is from l.2Y to a little over 16 V. Higher output voltages
can be accommodated by making R1 lower in value, but a circuit of this fupe is mainly used where
there is a large voltage difference between the input and the output. Consequently, it is unlikely to
be used with output voltages of more than about 16 V. The absolute maximum input voltage is 40 V.
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tc1
ILCT9TCN

5

10k

R2
313

NEGATIVE SUPPLY GENERATOR

14

R1

+5V tN

0v ,N

Cj
1@!

c2
| 00n

c3
2n2

D1
r N5822

c{
170r

-5V OUT

OV OUT

EVERYDAY PRACTICAL ELECTRONICS Fig.82-4

The TLC497CN is very useful for appllcations that do not involve high output currents. It pro-
vides a cost-effective means of providing a negative supply ol up to about 150 mA. A circuit diagram
for an inverter based on this device is showrr. The efficiency of the circuit is typically a little over 50
percent with an lnput potential of 10 V, but is significantly under 50 percent with an lnput supply of
5 V Capacitors C1 and C2 are supply-decoupling components on the inpul supply. Resistor Rl is the
series resistance in the current-limiting circuit at the input to IC1. This is an essential safety feature
because the circult u.ill often be fed from a hlgh-current supply that couid aimost instantly "fry" IC1

in the event of an overload on the device's output. Capacltor C3 is the timing component in the os-

cillator section of the P\\,'11{. The TLC497CN uses a fixed pulse u.idth and a variable cLock fiequency
to controL the average output voltage.
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lcl
LM31 7T

S1

tffi;]

6V

R4 B5
1k2

Dr

MINI POWER SOURCE

PLUS HEATSINK
1E G BOIf TO MFTAI BOX MAXIMUM

CURRENT
15A

IN OUT
POLARITY

OUTPUT

EVERYDAY PRACTICAL ELECTRONICS Fig.82-5

The figure shows a unit capable of offering different voltages to operate low-voltage appliances
from a 12-V battery. Regulators of the LM317 tlpe are current-limiting, short-circuit-proof, and over-
heat-proof, although they are still not indestructible. This circuit wiII provide up to 1.5 A. IC1 should
be heatsinked, perhaps by bolting it with an insulating kit to a metal box.
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2Y 70 20v /A/

1.3-V SUPPLY

This is a simple 1.3-V regulator to pow-er the
ZN414IC.

Fig.82-6ELECTRONICS NOW

3-A LOW-DROPOUT REGULATOR WITH 50-pA QUIESCENT CURRENT

Dropout Voltage
5V Supply with Shutdown

E Vru > 5.5V

+ T
5V
3A

0.6

0.5

=

9 os

0.1

3.3!F
SOTID
rANT

vrTm (PrN 4il 0urPur
.o-%--TGF-
>2I I or,rr'rc I oru

0
0.5 1.0 1.5 2.A 2.5 3.0

OUIPUT CURBENT (A)

LINEAR TECHNOLOGY Fig.82-7

The LT1529 is a 3-A, 0.6-V dropout regulator with 50-pA no-load quiescent curent and only 16

pA f, in shutdown. This makes the LT1529 useful for battery-powered applications where both long

battery life and high-load current surges are expected. At 1.5-A load current, dropout voltage is just
0.43 V. The LTi529 needs no external diodes to protect against reverse battery or reverse output
current faults. This allows the LT1529 to be used for backup power situations in which the output is
held high while the rnput is at ground or reversed.

743

IN OUT

1T1529-5

SHDN- SENSE

GNO



+16V

2.V REFERENCE

Fig.82-8

Zener diodes that operate below the 3- or 4-V
Ievei do not perform as well as higher-voitage zen-
ers, and are not normally used for low-voltage ref-
erences. The 2-V reference uses two higher-voltage
zeners, D1 and D2, to obtain a stable operating ref-
erence voltage. Any possible voltage changes from
temperature variations are aLmost completely can-
celed out with the two-zener circuit, makhg it a
more accurate reference source than a circuit with
a single zener. Other low-reference-voltage sources
can be created by substituting different-valued
zeners for Dl and D2.

POPULAR ELECTRONICS

R2
80fi

Ri
1K

20-pA QUIESCENT CURRENT REGULATOR
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LINEAR TECHNOLOGY Fig.82-9

Ihowing when the batteryvoltage is getting low allows equipment to arrange time to save valuable
information. The LT1120A not only provides micropower, Iowdropout regulation, but also includes a
low-battery detection comparator, all in an eightJead DIP or SO package. The LT1120A supplies up to
125 mA at regulated voltages from 2.5 to 20 V. The Iow dropout voltage of 0.6 V (max.) lowers the battery
input voltage requirements, and the small 40-pA (max.) quiescent curent extends battery life. The
LT1120A has yet more functions. The logic-compatible SHUTDOWN Bjn removes power to the load.
The precision 2.5-Y reference has the ability to both sink and source current to supply low-power
backup circuits. Also, the LT1120As design prevents excessive cturent draw when in dropout.
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INVERTER OUTPUT STAGE OF A DC-TO-DC CONVERTER

TH1
INPUT

D]

+

INPUT L]

ll
II
lt

ll
II

C1 OUTPUT

+

EVERYDAY PRACTICAL ELECTRONICS

This figure shou,s the circuit di.agram for an lnverter output stage.

Fig.82-10

INDUCTORLESS BIPOLAR SUPPLY GENERATOR

0ulpul Voltage

rIr

I

-C"1pf -
- Tr'25'C -

I

lpF

10 15 20

L0A0 cuRfiEl'rT (mA)

LINEAR TECHNOLOGY Fig.82-11

Localizecl generation of bipolar supply rails is usefui in many op-amp, data-conr,'ersion, and in-

terface applicatlons. To avoicl the design time and effort of putting together a switching regulator cir-
cuit, switched-capacitor converslon should be considered as a simple, effective alternative. The

LT1026 is shown here in a useful application circuit that can generate rail voltages of both polarities

from a 5-V logic supply. Output voltage will vary with load (as shown on the graph), from *9 V at min-

imal load currents to t6 V at a load current of 15 nt-A. These boosted rails can be used to extend com-

mon-mode input and output ranges of clrcuits urthor,rt doing level shifting, ac coupling, or signal

clipping. Because the LT1026 is supplied in an eight-lead SO package, the entire circuit can be sur-

face-mounted using tantaium or ceramic capacitors.
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STEP-U P SWITCHING IC/INVERTER
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20r ail

ELECTRONIC OESIGN Fig.82-12

A popular step-up switching IC can be made to supply a negative voltage. The MAX641BCPA is
a boost converter intended for use with 3-V batteries. To get the 641 to function as an inverter, some
of its pin functions must be altered. Pin 1 is used as the voltage-feedback input, and pin 2 is used as
the overvoltage-detector output. When the voltage on pin 1 falls below + 1.31 V, pin 2 becomes a low-
impedance path to ground. This will force Ql to cut off and allow the voltage on pin 7 to rise. When
the voltage on pin 7 exceeds +1.31 V the internal oscillator shuts off. At this point, the output volt-
age is equal to or less than the set level. When C1 discharges to a point where the voltage on pin 1

rises above +1.31 Y pin 2 will change to a high impedance, allowing Q1 to saturate and pull pin 7 be-
low * 1 .31 V. This causes the internal oscillator to turn on. Pin 4, the output of the internal oscillator,
will pump Cl negative while the oscillator is running. For the values shown in the figure, the ad-
justable output voltage range is approximately -4 to - 13 V. ?he magnitude of the drivable load de-
pends on how much ripple can be tolerated. The values shown will easily drive a 50- to-75-mA load
and provide good regulation.
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BASIC STEP.UP OUTPUT STAGE OF A DC-TO-DC CONVERTER
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EVERYDAY PRACTICAL ELECTRONICS

This figure shows the basic circuit configuration for a step-up output stage

Fig.82-13

CHARGE PUMP BOOST CONVERTER

{3 3V
l

{5V I

: * 5V I3 CELI INPUT MAX6O3) 3 3V i2 CELL INPUT MAX6O4]

MAXIM Fig.82-14

The circuit overcomes the charge pump's lack of regulation by adding a regulator externally. An-
other option-if Ioad currents are modest-is to add regulation on the chip. Regulation in a mono-
lithic chip is generally accomplished either as linear regulation or as charge-pump modulation.
Linear regulation offers lower output noise; therefore, provides better pgrformance in (for example)

a GaAsFET-bias circuit for RF amplifiers. Charge-pump modulation (which controls the switch re-
sistance) offers more output current for a given die size (or cost) because the IC need not irLclude a

series pass transistor.
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LINEAR TECHNOLOGY Fig.82-15

Cellular telephones and other mobile communications gear use depletion-mode GaAsFET RF
output transistors, which require a negative bias voltage for proper operation. This LTC1261 cir-
cuit generates a regulated negative voltage using no inductors, and will give plenty of drive for
GaAsFET bias circuits. The LTC1261CS8 inverts the supply voltage (5 V to -4.5I./;_, whereas the
LTC1261CS can invert or double the supply voltage (3 V to -4 or -5 [. Both parts regulate the
generated output voltage. The quiescent current isjust 600 pA, and the shutdown current is only
5 p,A. The combination of high oscillator frequency, which reduces the switched capacitor size, and
the variety of fixed-output regulated negative voltages allows for a minimum-space power supply.
The LTC1261 comparator output controls a P-channel MOSFET to ensure that the drain current
for the GaAsFET is switched off until the regulated negative output voltage is valid. This ensures
that the gate voltage is sufficient to keep the GaAsF ET off during power-up, preventing unsatu-
rated operation and excessive operation.
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5V

3.5.V 7-A LINEAR REGULATOR SUPPLY
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LINEAR TECHNOLOGY Fig.82-16

The LT1580 linear regulator circuit sho$,r-r achieves +2 percent dc output-voltage accuracy at up

to 7 A load current. This circuit restricts the output-voltage transients because of 200-mA to 4-A
Ioad-current steps to 65 mV p-p. The LT15B0 has a separate remote sense input that rnaintains the
dc voltage al the load accurately, independent of the load current. Output-voltage variation over
the full load-current range, kno'nlrr as lnad'rellu\clti,o'tl, rn'ith remote sense connected (Ii,r:0 O) is

verv close to *0 percent. The LT15B0 transient response to 3.S-A-load current steps is 88.7 mV p-p
(ftr:0 C)). Resistor R3 is added to intentionally introduce some dc load regulation. The feedback
resistors are chosen to set the no-load output voltage sligtrtly higher than 3.5 \l At 4-A load current,
the output voltage is regulated slightly belon'3.5 V.
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DC.TO.DC CONVERTER FOR DIGITAL PANEL METERS
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POPULAR ELECTRONICS Fig.82-17

Often a digital panel meter is used in an application where the meter is on the hot side of a cir-
cuit. This supply will provide the 9- to 12-Vdc floating supply for the meter.

NEGATIVE REGULATOR
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LINEAH TECHNOLOGY Fig.82-18

Regulating negative voltages with minimal dropout is now possible with the LT11B5 universal
voltage regulator. It supplies up to 3 A of output current with a dropout voltage guaranteed to be Iess
than 1.2 V. The five-lead TO-220 package includes a pin that allows Sccurate current-limit adjust-
ment for lower-current applications. Although aimed primarily at negative regulation applications,
the LT1185 works equally well as a floating positive regulator. Output voltage is programmable from
2.3 to 30 V.
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NUTS AND VOLTS Fig.82-19

The figure sho.,vs a typical simplified wiring diagram. Note that the output voltage is determined

by resistors R1 and R2 (the value of R2 is recommended to be around 240 O). The regulated output

vo}tage is given by the formula V,,,,,:1.25 (7+R2/R).
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Fig.82-20

Generating 12 V for flash memory programming is a common requirement in portable systems

and PCMIA cards. The LT1109-12 dc-to-dc converter simplifies this task and uses only 0.75 in2 of PC

board space. The LT1 109-12 is offered ln an eight-lead SO package and requires only three other sur-

face-mount components to construct a complete 12-Y Vppgenerator. At 12 V, 60 mA of programming

current is produced, enough for simultaneous programming of two flash memories. The ci.rcuit draws

320 pA (max.) of standby current while shut clown and provides a clean transition from 5 to 12 V at

its output with no overshoot.
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LINEAR TECHNOLOGY Fig.82-21

Many microprocessor systems use 3.3-V microprocessors, cache RAM, and chip sets. This sys-
tem configuration increases the current requirements of the 3.3-V supply. In addition, many of these
microprocessors have a stop-clock feature for power savings, which introduces a load-current step
to the power supply. Adjustable regulators are recommended for microprocessors that have power-
saving (stop-clock) modes. The circuit shor,"n has good transient response to load steps for most 3.3-
V microprocessors. An external capacitor at the ADJUST pin can reduce the total filter capacitance
required by one half to take care of large load transients.

GaASFET BIAS SUPPLY

-4.1V Generator with l mVp-p Noise

5V
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4.7yt c2

I
='0.1Pf
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V6IJT = -{. lV
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Cp

o. IgF
C1

0 lpF T
LINEAR TECHNOLOGY Fig.82-22

The LTC1550 and LTC1551CS8-4.1 are switched-capacitor voltage inverters that generate a reg-
ulated -4.1-V output at up to 20-mA Ioad current. An internal linear postregulator reduces the out-
put-voltage ripple to less than 1 mV, making the LTC1550 and LTC155iCS8-4.1 excellent for use as
bias-voltage generators for transmitter GaAsFETs in portable RF and cel1u1ar telephone applications.
The single supply voltage can range from 4.5 to 6.5 V (7 V absolute maximum). The charge pump
uses four small external capacitors and operates at 900 kHz, eliminating interference with the 400-
to 600-kHz IF signals corunonly used in RF systems.
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LINEAR TECHNOLOGY Fig.82-23

The LT1307 chip will procluce 5 V at 40 mA or 3.3 V at 75 nr-A from a single AA.-ceil power source

It operates at 600 kHz and uses 60-pA standby current, and it has a lor,v-battery detector.

7.A2.5-V SUPPLY

2.5"174

TANl

T

T
LINEAR TECHNOLOGY Fig.82-24

The latest microprocessors use lolv-voltage processes that aliolv the clock frequencies to in-

crease dramatically. Increased clock frequencies result ln higher core-sttpply currents. Several nert-
generation microprocessors will use a 2.5-V supply voltage and require greater than 5-A supply

current. The LT1580-2.5 in the circr-rit sho$,n has the lou''est dropout of any 7-A linear regulator, only

0.6 V t1pica1. This allows conversion from a standard 3.3-V main supply dorm to 2.5 V In order to

achieve this 1ow dropout performance, a seconcl lorv-current control supply 1.3 V greater than the 2.5

V output is needed. A system 5-V supply conveniently provides this voltage, and only 200 mA is re-

qulred from the control supply. The LT1580-2.5 also has fast lransient response to load-current
steps, minimizing required bulk output capacitance. An internal reference voltage with t0.5 percent

imtial tolerance and Kelvin sense input make the output reguiation very tight.
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VOLTAGE REGULATOR SINKS AND SOURCES
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ELECTRONIC DESIGN Fig.82-25

It is possible to build a circuit that provides a variable output from -12 to +12 V (passing
smoothly through 0 VJ that can source or sink at any voltage. The basic regulator consists of an op
amp (A1), series pass transistors Q1 and Q2, a reference voltage from P1, and a voltage divider (R1
and R2). The rest of the elements provide short-circuit protection for the regulator. The reference
voltage is generated by zener diodes D3 and D4. With a 10-turn potentiometer (P1), the reference
voltage (7o) for the op amp can be varied from -6 to *6 V. The output voltage is given by Vo:
7o(1 + \ lR). Because Rr: R, the output can be varied from 0 to -r12 V. When 7o is positive and
the regulator is sourchg current (1, positive), the base of Q1 is atVo* 0.7m and Q1 is conducting.
When 7o is positive and R, is terminated in a supply voltage higher thanV, the regulator is forced to
sink current Q negative). At this time, Q2 conducts and sinks the current, and A1 maintains the base
of Q2 at Vo - 0.7. Similar arguments apply when the output voltage is negative. C1, a nonpolarized
electrolytic capacitor, prevents oscillations. R4 is a current-sensing resistor for short-circuit protec-
tion and limits the output current to 55 mA. For a positive Vo, rf l"is positive (sourcing) and reaches
500 mA, the voltage drop 7* across R4 approaches 0.7 V and forward-biases the E-B junction of Q3.
Q3 conducts and drives the base of Q4. Because Q4 goes into saturation as a result ofthe drop across
R3, it clamps the base voltage of Ql to ground and the output voltage drops, limiting the current in
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VOLTAGE REGULATOR SINKS AND SOURCES (Cont.)

Ql to 500 mA. Similarly, under a positive V(y tf ILis negative (sinking) and reaches 500 mA, i/oB

across R4 approaches -0.7 V and forward-biases the E-B junction of Q5. Q5 drives Q6 into satura-
tion, and the inverting rnput of the op amp is clamped to ground. Because the noninverting input is
held at 7,, (which is still positive), the output starts climbing toward +15 V This prevents Q2 from
sinking more current than 500 mA. Under a negative f(/ with t. negative, Q7 and Q8 provide short-

circuit protection. \\'ith I/., negative and {, Oositive, Q9 and Q10 provide short-circuit protection.

EFFICIENT REGULATED STEP-UP CONVERTER
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ELECTBONIC DESIGN Fig.82-26

TWo eight-pin ICs form a regulator circuit that can convert a lithium battery's 3-V output to 5 V
and deliver load currents as high as 100 mA. It operates without inductors or transformers, and

draws only 200 pA of quiescent current. At 7,,, : 3 V, it offers Sl-percent efficiency with a 100-mA

Ioad and 84 percent with a 20-nL{ load. Efficiency will increase as 7,, faIls. For example, at V ,-: 2.7

V (the cell's loaded output for most of its operating life), efficiency for a 40-mA load current is 90

percent. Voltage from the lithium battery (a213-A size Duracell DS1234) ls doubled by the high-cur-
rent charge pump (IC1). The Schottky dlode (D1) is included to assure startup in this configuration.
D1 won't affect efficiency because it doesn't conduct load current during normal operation. IC2 is a
}inear regulator with a dropout voltage of only 40 mV at lrnua : 40 mA. This load, allowed to drain the
battery until 7",,, : 4.5 V, yields a battery life of 16 hours. Reducing the load to 20 mA extends the
battery life to 36 hours.
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LTls80 CIRCU|T
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LINEAR TECHNOLOGY
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LT1580 CIRCUIT (Cont.)

I'igure 1 shows a circuit designed to deliver 2.5 V from a 3.3-V source with 5 V available for the
control voltage. F igure 2 shows the response to a Ioad step of 200 mA to 4.0 A. The circuit is config-
ured with a 0.33-pf ADJUST-pin bypass capacitor. The performance without this capacitor is shown
in Fig. 3. The difference in performance is the reason for prondrng the ADJUST pin on the fixed-volt-
age devices. A substantial savings in expensive output decoupirng capacitance can be realized by
adding a small cerami.c capacitor at this pin.
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ELECTRONIC DESIGN Fig.82-28

The regulator generates a 5-V output from a single lithium-ion cell. Initially, the lithium-ion ceil
ts at 4.2 V, which is greater than the 3.75-V undervoltage-lockout (WL) limit of the LM2587 Slntple
Switcher. Once it starts up, the boost circuit will continue to regulate-even when the battery volt-
age drops lower than the UVL limit. The level that the input voltage can drop to depends on the max-
imum load current desired. Of course, the source can be any type of battery-three alkaline, four
NiCd, or even two lithium batteries. When power is applied to the circuit, the 10-kO resistor charges

up the 17-p"F input capacitor and supplies the startup current to the LM2587. After startup, the
LM2587 input and the input capacitor draw current from the switch node through the 1N914B boot-
strap diode. When that happens, the IC input pin gets charged up to the output voltage minus a diode
clrop. In the circuit, with a 5-V output, the IC input voltage is 4.5 V after stafiup. It stays at 4.5 V-
even when the rnput voltage drops to beloin' 3. 75 V. The input voltage can drop to I .25 V u'hen the
regulator is supplyrng 250 mA. At2.4Y, the reguiator is 84 percent efficient if the 1N9148 bootstrap
diode is replaced with a 1N5817 Schottky diode.
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5.V MICROPOWER LINEAR REGULATOR
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LINEAR TECHNOLOGY Fig.82-29

In battery systems where high load current is required intermittently and the system must re-
main in standby mode between uses, a linear regulator with micropower quiescent current and shut-
down capability is needed. These situations arise in powering laptop disk drives, portable radio
transmission modems, and peripheral motors, which are intermittently used. The LT1529 has 3 A
current capability, 50 pA quiescent current, and just 16 pA shutdown current. As shown in the cir-
cuit and chart, the W1529-5 is a low-component-count solution with a very low dropout voltage of
0.6 V at 3-A output current. This low dropout is ideal for battery-powered systems in which extract-
ing the maximum energy from the battery is important. In dropout, the output voltage will decrease
smoottrly, following the input. The quiescent current of the LT1529 increases only slightly in dropout,
udike the situation with many other low-dropout PNP regulators.
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83

Power-supply Circu its-H igh Voltage

I he sources of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Laser Receiver Photomultiplier T\-rbe Supply
High-Voltage Power Supply
Helium-Neon Laser Supply with HV Multiplier Ignition
Geiger Counter 700-V Low-Current Supply
Regulator for 700-V Low-Current Supply
Helium-Neon Laser Power Supply Mrith HV Pulse Ignition
Photomultiplier T[be Supply
Jacobs Ladder HV Supply
HV Power Supply
Neon Ttrbe High-Voltage Power Supply
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LASER RECEIVER PHOTOMULTIPLIER TUBE SUPPLY (Cont.)

The figure shows the circuit diagram of a regulated 1000-Vdc power supply driven from a 12-Vdc

source. A low-voltage secondary regulated power source supplying power to the PMT video pre-

amplifier rs included. Again, foliow the caution regarding PMT power supplies. All precautions must
be observed when working with the PMT high-voitage supply.

HIGH.VOLTAGE POWEH SUPPLY

il-tF--a'
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1tgloo7
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LEDl
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NE.|
\\

R3

S1

R1

1.5X

+

zKV OUTPUT

.SEE TEXT

POPULAR ELECTRONICS Fig.83-2

This circuit uses a transformer to generate a high-voltage output (up to 20,000 \) from just four
C cells. T1 can be a 50 to 100:1 turns ratio unit or can be made from a flyback transformer from a

junked BAV TV
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GEIGER COUNTER 7OO.V LOW.CURRENT SUPPLY

SIGNAL
TRANSFONMEN CO.
LP-r6-76

+9V
CAPACITOfiS 0.01 pF ?KV
oloDES 2.5A 1KV

Fig.83-4

This 700-V, 0.25-nL{ power supply converts a +9-Vdc input to 10-kHz ac, then uses the setup
transformer and the voltage-doubler circuit to produce the required output.

REGULATOR FOR 7OO-V LOW.CURRENT SUPPLY

.tK

6.6X

0.01

+

700v
our

L

NF
tio

ELECTRONICS NOW

+-\rc{ro{

+rJ
f-\tqi-{

I

L_____-_

CAPACITOBS 0.01pF 2KV
DIODES 2,5A 1KV

470K

NE_2
IAMPS
(SEE
TErn

+

700v
OUT

ELECTRONICS NOW Fig.83-5

Ifyou need a regulated output, change the voltage doubler to a tripler, and use neon lamps as a

regulator. The number of lamps you will need will depend on the characteristics of the lamps used,

and will have to be found by experimentation. Each lamp has approximately a 55- to 70-V the break-
down voltage. The lamps should be shielded from light (or painted black) because light can influence
the breakdown voltage.
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HELIUM-NEON LASER POWER SUPPLY WITH HV PULSE IGNITION (Cont.)

The helium-neon laser requires two voitages: a voltage in the range of 10 kV that starts the Laser

and then turns off once the discharge begins, and a lorner-voltage power supply to sustain the dis-
charge. The circuit diagram illustrates one method of generating the laser ignition voltage. A fraction
of the main supply voltage is used to charge up a capacitor. When triggered, it is discharged through
a high-voltage ignition transformer in series with the main power supply output. When the supply is
first turned on, a delay circult allows the main supply to stabilize at full voltage and charge up the ca-

pacitor. A noniatching relay operates to discharge the capacitor into the ignition coil on a one-shot
basis after the timing delay. The HV diode in series with the ignition coil and the capacitor across the
supply rectifies the damped oscillatory waveform out of the ignition coil, producing a single positive
pulse across the iaser tube to ionize the gas ir the laser. Once the laser is ignited by the HV pulse, the
main pow'er supply maintains the discharge.

PHOTOMULTIPLIEH TUBE SUPPLY

9VDC
.05pF

> soovDc

T
.05pF .05pF

47k

NE.2

NE.2

T1 : 10k2k audio

22M

NUTS AND VOLTS Fig.83-7

This circuit is quite efficient, drawing virtually no current when the load is a photomultiplier (PM)
used as a scintillation detector. Be sure that the voltage-divider resistors on the PM tube are very high
to consetve power-the higher the better. If the high-voltage circuit uses a diode voltage-multipller
chain, then connect the chain to the transformer, just as the three-diode doubler is connected.
Lower the regulated voltage by removing one of the neons or by selecting arl appropriate zener. If a
higher voltage is needed, simply extend the diode multiplier.
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JACOBS LADDER HV SUPPLY (Cont.)

Potentiometer R5 can be used to adjust the circuit's power output. Increasing the frequency reduces
the circuit's output by increasing the inductive reactartce of the transformer leakage inductance. The
output of ICl on output pin 3 appears at the bases of the current "source," NPN transistor Ql, and
"sink," PNP transistor Q2. The emitters of this transistor pair are ac-coupled through capacitor C8

and resistor R6 to drive the primary of driver-isolation transformer T1. This drive prevents dc from
flowing through the primary. T?ansformer T1 is wound on a high-permeability core with as few turns
as possible to eliminate leakage inductance. The gate circuits of MOSFETs Q3 and Q4 contain 27-O
resistors (R7 and R9) to slow their switching times. This eliminates possible parasitic oscillations
that could occur if the MOSFtrTs were switched at their speed limit. The primary of output trans-
former T2 contains 32 turns, but its secondary contains 2500 turns. The ratio of these turns is ap-
proximately 1 to 78. When this is multiplied by the rectified line voltage of 160 Vdc, an output of
about 12,000 peak'volts is obtained across the secondary. This 12,000-V output is the peak open-cir-
cuit voltage of the system, and it produces a short-circuit current of approximately 40 mA. This cur-
rent is limited by the leakage inductance caused by the loose magnetic coupling between the primary
and secondary circuits of transformer T2.
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+

100v
5

NEON TUBE HIGH.VOLTAGE POWER SUPPLY

Ptl
+

+12V

+t2v

T1

x2

c3
47@

s1

t3

trtCDa6&l

POPULAR ELECTBONICS

500 vAc
15 kl{z

R1
1.5K

cl
.fft3

Fig.83-10

Power for the circuit is supplied by a step-down transformer (T2) and a full-wave bridge recti-
fier (BR1), which conveft 117-Yac to 12-Vdc. Capacitor C3 acts as a filter. The heart of the circuit is

a Schmitt-trigger hex inverter, U1. Capacitor C1 , resistor R1, and potentiometer R2 are connected to
one section of the inverter, Ul-a, to form an oscillator that runs at approximately 15 kHz (because U1

is a Schmitt trigger, the output square wave is very clean). Adjusting R2 varies the frequency. The
output of the oscillator is fed into the remaining five inverters (Ul-b through Ul-f), which are con-
nected in parallel to create a buffer that is capable of increasing the drive current of the oscillator.
The square-wave output is used to drive the switching transistor (Q1), which, in turn, switches the
primary windings of the ferrite-core transformer (T1). Approximately 500-Vac at 15 kHz are output
from the secondary of the transformer. T1 is made from a ferrite pot core. Wind 500 turns of #30-
gauge wire for the secondary. Coat it with insulating varnish and add a layer of insulating tape, over
which a 20-turn winding of #22 wire is wound to form the primary winding.
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84

Power-Su pply Ci rcu its-
Multiple Output

Th" ,orr."s of the following circuits are containecl in the Sources section, which begins on page
i043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Dual Supply
Split 12-V Power Supply
Dual-Output Voitage Regulator
t15-V 100-mA Dual Power Supply
Bench Power Supply
Dual-Polarlty Low-Current Power Supply
Power Supply for t1.2 V and *5 V
Handy Hobby Power Supply
17-W 5-V and 3.3-V Power Supply
Switchable Linear Voltage Regulator
5- and 15-V Dual-Polarity Supply
Five-Output Converter

770



3
\Dl

7

+o1
2Mt055

tr4
a2

MJ2955

+

R1

10K

R2
10K

2

DUAL SUPPLY

INPUI OUTPUT

+

C1

100

POPULAR ELECTRONICS Fig.84-l

The key idea is that in a dual-supply powered circuit, "ground" is midway between the positive

ancl negative supply voltages. Unfortunately, ordinary voltage regulators can't do the job. The reason

is that they can only source current, not sink it, and the ground terminaL in a dual supply might have

to either source or sink current, depending on which half of the load is drawing more current at the
time. In the circuit, R1 and R2 divide the input voltage in haif. Op amp U1 reproduces that voltage at

the "ground" output terminal by making elther Q1 or Q2 conduct as much as necessary. Capacitors

C1 and C2 hold the output voltage steady when the load changes suddenly. Diode D1 is present to
protect the circuit's input from reversed polarity by blowing the fuse of the main power suppiy. If
your power supply has no fuse, place Dl in serles with the circuit. That will afford the same protec-

tion wlth only slightly reduced regulation and voltage output.

SPLIT 12-V POWER SUPPLY

+/2y

/2-OV
AC

ELECTRONICS NOW Fig.84-2

T\aro IC regulators and a bridge circuit supply x.12Y.

GND

D1

2.54
50PRV

C2
100

o./
/,t F

o.t
r'L,F

FUSE

78/ 2.

25.2vC7
47AO

//v4002 4F
47oo

7q/ 2.
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7

D

C3 = 10pF

C4 = 10ptT

c1-

C1+

c2-

C2+

SHON

GND

Vout

Vcc

LTC1263

x2

cn
100pF
20v

D1

M8RS14OT3TDBIVE EDBIVE

PWRVN PGND

PINV LBour

E|NH 1161255-3.3 LBlx

Vn SGN0

c1 SHDN

IrH NC

SEiISE- SENSE+

1

14

16

15

4 13

12

10

I

1000pt

DUAL.OUTPUT VOLTAG E REGULATOR

FROM pP
5V

8

C1 = 0.47pF

2

t
Vour = 12Vl60m4

C2 = 0.47t!F

cour
220ytF
10v

Vour = 3 3V/5A

'c0tLTRoNtcs clx0212801

LINEAR TECHNOLOGY

The LTC1266-3.3 and the LTC1263 are perfect complements for one another. The combhation
of the two pafts provides two regulated outputs of 3.3 V/5 A and 12 V/60 mA from an input range of
4.75 to 5.5 V. The l11C1263, using only four external components (two 0.47-pF charge capacitors,
one 10-pF bypass capacitor, and one 10-pF output capacitor), generates the regulated 12-Vl60-mA
output from a 5-V input using a charge-pump tripler. During every period of the 300-kHz oscillator,
the two charge capacitors are first charged to V""and then stacked in series, with the bottom plate
of the bottom capacitor shorted to V"" and the top plate of the top capacitor connected to the out-
put capacitor. As a result, the output"c."apacitor is slowly charged up frdm 5 to 72 V. The 12-V output
is regulated by a gated oscillator scheme that turns the charge pump on when I/,r is below 12 V and
turns it off when it exceeds 12 V. The LTC1266-3.3 then uses the 5-V input, along with the 12-V out-
put from the LTC1263 and various external components, including bypass capacitors, sense resis-

772
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DUAL-OUTPUT VOLTAGE REGULATOR (Cont.)

tors, and Schottky diodes, to switch two external N-channel MOSF'FjTs and a 5-pH inductor to charge

and regulate the 3.3-V/5-A output. The charging scheme for thls part, hou,ever, is very dilferent from
that of the LTC1263. The LTC1266-3.3 first charges the output capacitor by turning on the top N-

channel MOSFET, allor,lrng current to flow from the 5-V input supply through the inductor. The

amount of current floll. in the inductor is monitored with a sense resistor, anci the 3.3-\r output is reg-

ulated by turning on and off the top and bottom N-channel MOSFETs to charge ancl discharge the
output capacitor.

115-V 100-mA DUAL POWER SUPPLY

+'15V - 15V

120 VAC
78t_15 g

LED2
(Dc oN)

S1

R2

5.6K

o

\\
L -----J

B1

5.6K

?

4
I LEDl

(AC oN)

7
3

ELECTRONICS NOW

A simple supply such as this is useful for many small projects, op amp circuits, etc

Fig.84-4

120
VAC

120 VAC

tcl
7811 5

to
GI

'-l

i
5 VAC
0.24

C1

470pF
BR1

+

tc2
78L't 5

lo
)

I

1 5 VAC
o.2A 470pF

C3
0.1

c4
01

+

BR2
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BENCH POWER SUPPLY (Cont.)

The ac voltage from transformer T1 is rectified by bridges BRl, BR2, and BR3 and filtered by
capacitors C1, C2, C5, C6, and C9. Voltage regulators IC1 to ICS reduce the voltage to the desired
fixed or variable levels. The LM317 regulator, IC1, provides a positive variable output from 1.2 to 28

Vdc, and an LM337, IC2, provides a negative variable output with the same range. The LM7805 reg-

ulator, IC3, supplies a fixed +5 V, and the LM7905, IC4, supplies a fixed -5 V. The LM7812 regula-

tor, ICS, supplles a fixed + 12 V. Capacitors C3, C4, C7, C8, and C10 improve transient response and
prevent oscillation. Resistor networks R1 through R3 and R2 through R4 for IC1 and IC2, respec-

trvely, provide the necessary feedback to obtain the variable output voltages. An LED and current-
iimiting resistor are u,ired across each output to indicate when each output voltage is present. The

main porver indicator for the entire unit consists of LED5 and R18. Switch 31 controls ac power to
the transformer primary, and switches 52 and S3 connect the secondary voltages to the 5- and

12-V regulator circuits. The t5-V supply powers the voltage meter and display circuitry, so this sec-

tion must be turned on to power the output meter. Switch 54 is a two-po1e, six-throw (2P6T) rotary
unit. Pole A switches the positive input to the voltmeter and pole B switches the ground input.
(Three separate grounds are in the circuit.) Pole A of 54 is connected to one pole of DPDT switch
S5 so that the signal can be routed directly to the meter for voltage readings or to the LM74l current-
to-voltage converter tCT for current readings. The second pole of 55 is connected to the +5-V sup-
ply. This pole ls switched to the second decimal point of the display in the Voltage mode or to pin 7

of the LM741 in the Current mode.

DUAL-POLARITY LOW-CURRENT POWER SUPPLY

+
+9V

c1

2

680pF

m
1 t{9r4

The 555 is operating in a free-running oscilla-
tor at about l20kHz, producing a near-9-V square-
wave output at pin 3. Diodes D1 and D2, along with
capacitors C4 and C5, make up the rectifier circuit
for the positive supply, while D3, D4, C2, and CB

make up the rectifier for the negative supply.

+9V
c4
4.7 c5

4.7
c2
4.7

+

-9V

D3
1N9t4

f

POPULAR ELECTRONICS Fig.84-6
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IN OUT
+

\1 000pF
c1 LEDl

w
3900

IN OIJT

GND

c4
.1

tc2
7805

R1

500(r

R3
250r)

C5
.1

HANDY HOBBY POWER SUPPLY

J1

7-20 YAC
7-30 VDC

+

J2
5 VOLTS

FIXED

VABIABLE

ELECTFONICS NOW Fig.84-8

The input voltage to the power supply at mini phono jack J1 must be flom 7 to 20 Vac or from 7

to 30 Vdc. You can use any transformer or ac-to-dc wall adapter that meets those input requirements.
Ar-r ac i.nput at J1 is rectifiecl by bridge rectifier BR1; a dc lnput passes through half of the rectifier
unmodified, except that its value drops by the sum of tw-o diode voltage drops. T\n o MC7805 5-V reg-

ulators are in the circuit: IC1 provides a fixed 5-Vdc output at J2, u'hile IC2 has a variable dc output
at J3. The variable output ranges from * 5 Vdc to 2 V less than the input voltage to the po\,Yer supply.

The output of the fixed regulator is made variable by varlrng the voltage at pin 2 with potentiometer
R1. (Pin 2 is normally grounded to produce the fixed-voltage output.) Each voltage regulator can

safely handle up to 1 A of current, provided that the transformer or po\,ver adapter can handle the

demand and that the regulator is properly heatsinked. The voltage regulators must be heatsinked if
more than a few milliamperes is to be drau,n from the supply. Porver indicator LED1 is connected
across the fixed 5-V output; it tights whenever the supply is por'vered.
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17-W, 5-V AND 3.3-V POWER SUPPLY (Cont.)

The low concerns of today's notebook computer designs do not have to restrict designers to
low-performance solutions. The logic power supply is usually requlred to furnish excellent reguLa-

tion at exlremely high efficiency, but also carry a smaLl price tag. This LTC1149 circuit addresses

these requirements by using a single synchronous rectifier controller IC to generate both 3.3- and

5-V logic supplies. The 3.3-V output is generated in normal step-down regulator fashion using
synchronous sr,r.itches and an inductor. The key to circuit operation is the extra winding on the in-
ductor anci its corresponding sl,nchronous rectifier, QN2. These provide the 5-V output by using

transformer action. Cross reguiatlon with this circuit is excellent because of the use of a trifilar-
wound inductor and a "split feedback," which combines both outputs into the same feedback net-
work. Efficiency exceeds 90 percent over most of the operating range. In addition, the 3.3- and 5-V

outputs are inherently synchronous in switching frequency, and they will reach their rated voltage

at the same time after power-up. Another bonus is that is if one logic supply is short-circuited, the
other output u,i11be disabled.

SWITCHABLE LINEAR VOLTAGE REGULATOR

+15V Q1 OUTPUT

POPULAR ELECTRONICS Fig.84-10

This three-voltage regulated supply can be added to for more voltage ranges

D2
3V

D3
3V

R1
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FIVE.OUTPUT CONVERTER

R1

8.U
c2

.l.8{Idc

c1

ltfi a(}n

+
3

02

I R2

1.21

=-::
01.07. il8HG20L

C1-C7 ' l0 pf , 2$U htthlun r cnmic

10.7 pH

Coiltmnics
vP10190

0igital
panel

melers

ELECTRONIC DESIGN Fig.84-12

Digital panel meters (DPMs) make excellent displays for lnstruments and test equipment, but
they suffer from one major flaw: They require a floating pow-er supply, usually in the form of a 9-V

battery. This circuit powers up to five meters from a single 1.8- to 6-V source. Each of the fi.ve out-
puts is futly floating, isolated, ancl independent in every respect. The converter is based on a flyback

design, and it uses a micropou,'er, high-efficiency regulator (LT1303) and an off-the-she1f, surface-

mount inductor. The coil has six identical windings aird is high-voltage-testecl to 500 V rms-more
than adequate lsolation for the application. Operation is as follou's: Feedback is ertracted from the
primary by Q1, which samples the flyback pedestal during the switch-off time. \pical DPMs drar'v

approximately 1-md supply current. The primary also is loaded with 1 mA for optimum regulation

and ripple. Snubbing components, a necessity in most flyback circui"ts, are obviated by the actlon of
Cl and C2. The converter also can be used u.ith a battery. In this case, a sixth panel meter can be

powered by the primary across C2. A11 that is required to balance the load current is to lncrease B,.

and.E, by a factor of 10. Although this circuil is set up for 9-V output (actually 9.3 V), some DPMs

need 5 or 7 V. As a result, a 4.3- or 6.2-kO resistor should be used ln pLace of R1 for these voltages.

The output voltage is set by Pr: ((,,,,-0.7)/1 nLA. If an1. outputs aren't needed, omit the associated

components and parallel the unused winding with the primary, observing the phasing. \Vlth ea,ch out-

put loaded at 1 mA, the input current is 16.5 mA on a 5-V supply. Thrs figure rises to about, 45 m-A on

a 1.8-V (two-cell) input.
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85

Power-Su pply Ci rcu its-
Transformer-Coupled

Th. .or.""s of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Basic F orward-Converter Circuit
Feedback Control for MAX253
Basic Push-Pu1i Converter Circuit
5-V Supply
Basic Half-Bridge Converter Circuit
Zou, Booster
Basic F ull-Bridge Converter Circuit
Step-Up/Step-Down Regulator
2- to 6-V CCFL Power Supply
LCD Contrast Suppiy
LCD Auxiliary Bias Circuit
5- and 3.3-V Supply
Switching Regulator with T?ansformer-Isolated feedback
Basic Flyback Converter Circuit
Snubber Network Energy Saver
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BASIC FORWARD.CONVERTER CIRCUIT

rpnrl
t T1

il R1

o1 TD't

D1

ELECTRONICS NOW Fig.85-1

The figure is a simplified schematic for a transformer-coupled forward converter. Based on the
buck converter, it is similar to the flyback converter. Inductor L1, rather than transformer T1, stores

the energy. When switching transistor Q1 turns on, current builds in the primary winding of trans-
former T1, storing energy. Because the secondary winding has the same polarity as the primary
winding, energy is transferred forward to the output. Energy is also stored in inductor L2 through
forward-biased diode D2. At this time, flywheel diode D3 is back-biased. When Q1 turns off, the
transformer winding voltage reverses, back-biasing diode D2. Diode D3 becomes forward-biased,
causing current to flow through,B, and delivering energy to the load through inductor L1. The third
winding and diode D1 return transformer Tl's magnetic energy to the dc input when Q1 is off.
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FEEDBACK CONTROL FOR MAX253

xl
I?S509{

m$t ---s-
R6

r.7I

t2

17 pH

c5

caT 10 pt T
10 pf v

R3

100

01

Uh

5V

L1

{7 pH

R5

t.7I
n$1

?6253F5
oo

oo

il

ELECTRONIC DESIGN Fig.85-2

The MAX253 and associated 76253 transformers were designed to allow easy implementation of
simple dc-to-dc converter circuits. The main problem with the basic circuit is that there is no feed-
back, resulting in no control over the output voltage at light ioads. When transformer isolators de-
signed for 1-W power leveis are used, output voltages can be observed rising above 5.5 V at less than
20-percent load. The circuit provides feedback control from the output via an optoisolator and volt-
age-reference device in a single pack (TPS5094). This results in an output voltage that is static at
light loads. The circuit uses the internal TL431 reference devices of the TPS5904 to set a value at
which the optoisolator is switched (V,.,:251\|. Using two 4.7-kO resistors (R5 and R6) gives an
ideal output voltage of 5 V; with only 500 pA of drain current, the measured value was 4.95 V. The
output of the optoisolator then controls the shutdown pin (SD) on the MA*X253, via the ZTX41L
buffer transistor, and switches the device off when the output voltage exceeds the predefined value.
Therefore, the circuit works in a burst mode at light loads, with the switching being turned on and
off as necessary. As the load increases, the device eventually reaches the stage where switching is oc-
curring all the time.
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BASIC PUSH-PULL CONVERTER CIRCUIT

-rl_PWM

lct D1

Rg

VUNREE

T1

-rL
PWM

ELECTRONICS NOW Fig.85-3

The push-pull converter consists of two forlvard converters rvorking 180" out of phase. Both

halves of the push-pull converter cleiiver current to the load at each half cycle, and the inductor

stores energy. Diodes D1 and D2 conduct simultaneously betr,veen translstor conduction, effectively

short-circuiting the secondary isoLation transformers. Actrng as fl1.w-heel di.odes, these diocles deliver

useful power to the output.
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5-V SUPPLY (Cont.)

The inverter circuit substitutes a transformer with two matched windings for the usual inductor
(see figure a). When ICl's internal switch turns off, the circuit impresses 7",n plus a diode drop
across each windi.ng. With the reference connection properly chosen, as shov,t-t, the second (right-
hand) winding can generate an additional supply voltage ( - 5 V, in this case) . I/ ,,, 

(pin 8) is the feed-
back connection. For stability, the regulated output (5 V, in this case) should have the heavier load.

It usually does because the negative rail in most systems is only a bias supply. But lf the system de-

mands more load curent from the -5-V output, the second winding should be reconnected to pro-

duce the 5-V output (see figure b). The transformer should have side-by-side bifilar windings for best
coupling. The I/- value (nominally -5 \I) depends on load currents and the transformer turns ratio
(which can deviate from 1:1). Loads of 5 to 50 mA at 5 V, for example cause a 7- change of less than
300 mV-less than that expected from a charge pump. When unioaded, I/- increases because of
rectification of the ringing that occurs w-hen D2 turns on.

BASIC HALF.BRIDGE CONVERTER CIRCUIT

PwlrYL

T1

R1

ELECTRONICS NOW Fig.85-5

A popular and established switching power-supply topology is the half-bridge converter. The

same converter will work from either a 120- or 240-Vac input; it is simply necessary to change termi-
nals. It is cost-effective over the 150- to 500-W range, and offers very good output noise characteris-
tics and excellent transient response.
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YouTBOOSTER (Cont.)

Step-up dc-to-dc converters that operate from small input voltages often possess correspond-
ingly low maximum breakdowrr voltages of 5 to 6 V. This limits the maximum output voltage avaiLable

from such devices. However, by adding an autotransformer, the output voltage (l{,,,) can be doubled
without exceeding the IC's breakdornrr voltage. A properly wound center-tapped inductor acts Like a

transformer with a 1:1 turns ratio. Combined with an IC that typically boosts sing).e-cell inputs as high
as 6 V it produces a regulated 9-V output with no more than 4.5 V across the IC (F'iC. 1). The circuit
can be applied in smoke alarms as well as in other battery-operated equipment. It delivers an output
of30mAat9Vfromal.1-Vinput,andasmuchas90mAat9Vfromal.5-Vinput.Asimilarcircuit
setup for tw,o-cell inputs delivers 30 mA at 9 V from 1.6 V, and a current of 80 mA at 9 V from 3.6 V
(Fis.2).

BASIC FULL-BRIDGE CONVERTER CIRCUIT

t

PWM
1f

D5

Q1

TI

PWM

ELECTRONICS NOW Fig.85-7

Today, most switching power supplies rated for more than 500 W are variations on the full-bridge
converter topology shown. This design has four transistors; because diagonally opposite transistors
are on at the same time, each transistor must have an isolated base drive. Full-bridge converters are

usually manufactured as enclosed modules for such appii.cations as powering mainframe computers
and supercomputers.
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20-30u

STEP-U P/STEP.DOWN REGU LATOR

lmot

Uin

Bq

10I

Ys1

5V@ 60 ml

t
C1

ll yI

0,1 pf
C{

+

lOpf

ELECTRONIC DESIGN Fig.85-8

Adding a transformer to a step-up dc-to-dc regulator allows inputs of 20 V and higher to be ac-
cepted while operating in a step-down mode. The circult handles inputs to 30 V, but is easily modifi-
able for high specific voitages. The transformer's 1:1 turns ratio simplifiers procurement by allowing
the use of a standard product (here, the Coiltronics CTX100-4P). Its 1:1 ratio also enhances stability
by producing a duty cycie well below 50 percent. An ideal 1:1 transformer would generate V,_*V.,,
at the bottom of the primary, but real transformers produce somewhat higher voltages. That voltage
appears across Ql, so Q1's minimum breakdorm voltage should be approximately 2V,,+Vu,,t R2
limits the peak current (through Ql and L1) to 0.33 A. The internal shunt regulator is a zener diode
that is biased by R1 at approximately 2 mA. To cope urith a wide range of input voltages, R1 can be
replaced with a constant-current source.
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2.TO 6-V CCFL POWER SUPPLY

Tlo
a

10 pF

V1; 0 lo 5 tl dc in, lnleffiit adiustmsnt:

10&pIlo 2-mA !ul! cunrt

a

22Ct

3w

ccrL

uin

2lo 6 v

02

m849
ilc

0.1 pt

Shutdoun

L1 = Coilcnll 0(ts310-173

11 ' GeiFcrbs CIX116!+1

ELECTRONIC DESIGN Fig.85-9

The power supply sho'ilrn operates from 2 to 6 V. It can drive a small (75-mm) CCFL over a 100-

pA to 2-mA range. An LT1301 micropower dc-to-dc converter is used in conjunction \ rith a current-
driven Royer-class converter, consisting of T1, Q1, and Q2. When power is applied along with
intensity-adjust voltage V^,the LT1301's 1* pin is driven slightly positive, causing maximum switch-
ing current through the IC's internal switch pin (SUD. Ll conducts current that flows from trans-
former T1's center tap, through the transistors, into Ll. L1's current is taken in switched fashion to
ground by the regulator's action. The Royer converter oscillates at a frequency primarily set by T1's

characteristics (including its load) and the 0.068-pf capacitor. LT1301 drives L1, which sets the
magnitude of the Q1-Q2 tail current, and thus creates T1's drive level. The 1N5817 diode maintains
L1's current flow when the LT1301's switch is off. The 0.068-pF capacitor combines with L1's char-
acteristics to produce sine-wave voltage drive at the Ql and Q2 collectors. T1 provides voltage step-
up and about 1400 V p-p appears at the transformer's secondary.
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SETISE SHDI,I

LTr30r

SELTC] lLtu

VrH

1.8V T0 6V

LCD CONTRAST SUPPLY

SHUTOOWN

T1 = oALE LpE-5047-A045 (605) 665-9301

CONTRAST

-4V T0 -29V 12mA
FROM 1.8V SUPPLY

(77% EFflCTENT)
2OmA M,UIMUM FROM

3V SUPPLY (E3% EFFTCTENT)

2.2yF

4

7

J
22yF

35V
150K

I
100pF

NC

NCI
nr/M ll,l

0% I0 100%

t
cMos oRrvE 0v T0 5v

LINEAR TECHNOLOGY Fig.85-10

The LT1301 circuit shown generates a negative contrast voltage that may be varied from -4 to
-29Y based on a PWM control signal generated by the system microprocessor. The LT1301 is a mi-
cropower switching regulator that needs only 120 pA quiescent current and can be shut down to draw
just 10 pA. The input supply can range from 1.8 to 6 V, making it ideal for operation from a portable
battery supply. Ttansformer T1 is a standard four-winding transformer with independent terminal
connections for each winding. Three windings are connected in series to create a 1:3 turns ratio fly-
back transformer. Voltage feedback is applied to the current limit input 1r, to control operation of the
oscillator. A logic-level input, such as PWM generated at a microprocessor output pin or PWM circuit,
sets the output voltage. As indicated, the efficiency is very good, even at low input voltages.
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LCD AUXILIARY BIAS CIRCUIT
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nl

3

R1

2.2n

R2

t?0t

u61

I Us6 = R1t[2(1.25 t - U61]+ 1.25 Y

"LCO cn"

ELECTRONIC DESIGN Fig.85-11

This single-cell boost converter can generate the low supply voltages commonly needed in
pagers and other portable instruments with small, graphic LCDs. The first is a regulated 3.3 V at 100

mA, and the other is a regulated negative output, suitable for use as an LCD bias voltage. The over-
all efficiency is about 80 percent. The main 3.3-V supply is provided by a boost converter (IC1). The
auxiliary bias voltage is provided by an extra flyback winding (the T1 secondary), and is regulated
via Q1 and the low-battery detector internal to IC1. As the battery discharges, its declining terminal
voltage causes a decline in the voltage in the flyback winding. At minimum battery voltage (0.8 VJ,

the T1 primary "sees" 3.3 V-0.8 y:2.5 V, so the 6:1 turns ratio produces 6(2.5):15 V in the sec-

ondary. At maximum battery voltage (1.65 \,), the primary sees only 1.5 V, producing 9.9 V in the
secondary. MOSFET Q1 stabilizes this output by interrupting the secondary current, introducing
the regulation necessary to generate a constant negative output. The regulator uses IC1's low-battery
detector (a comparator/reference combination) as an on/off controller for Q1. In this circuit, the
R1/R2 divider holds LBI between 7",., (normally 3.3 V) and the LCD bias'output (normally -8 D, If
and-R, are chosen so that LBO turns off when the LCD bias becomes too negative (and pulls the LBI
voltage below 7.25V). Load current then causes the LCD bias to drift upward (toward 0 VJ until
LBI exceeds 1.25Y, which causes Q1 to tum on again. A Iogic signal at the "LCD ON" terminal pro-
vides a means to enable and disable the negative output.
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s- AND 3.3-V SUPPLY (Cont.)

The IC shown is popular for generating 5 and 3.3 V because it includes two controllers that are
highly efficient (typically >90 percent). However, the IC has a step-down (buck) topology that usu-
ally can't generate voltages equal to or higher than Iz.. A four-cell NiCd or NiMH battery, for exam-
ple, presents a problem because its terminal voltage can be above or below 5 \r, depending on the
state of its charge. This probiem can be solved by designing in a flyback transformer, which allows trz,,

to range from 4 to 7 V. To ensure a proper gate drive to the external switching MOSFET (Q1), LXs
should be connected to ground and BST5 to the internal 5-V supply (4) as shown. When Q1 turns
on, the T1 primary current increases and stores energy in the Tl core. When Q1 turns off, the sler-
chronous-rectifier MOSFET Q2 turns on and enables current flow to the 5-V output. For flyback cir-
cuits, 1 

,,, 
flows only when the rectifier conducts. Yet, IC1 is a current-mode buck regulator for which

{", must be sensed while Ql is on. The current-sense transformer (T2), therefore, measures the T1
primary current when Q1 is on, steps down the result with a 70:1 turns ratio, and develops a voltage
across resistor R1. To ensure that synchronous rectifier Q2 remains on while Q1 is off, a simple
charge purnp (C4 and D5) and voltage divider (R3 and R4) provide a slight offset to the current-
sense signal. Thus, Q2 remains on becarrse the IC does not detect zero output current. tr/,,, is regu-
Iated to 5 V, t5 percent, and the maximum {", is 1 A over the entire I/,, range.
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SWITCHING REG U LATOR WITH TRANSFORM ER-ISOLATED FEEDBACK (Cont. )

switching converters. Supply current for IC2 and the temperature-compensation network together is

about 6 mA. Starting with a 5-V, nonisolated, transformer flyback converter in which 7,,, connects

directly to the top of C1 and R1, you can insert the isolated-feedback circuit (bottom of the figure)
between [",, u^d C rlR r. The only modification needed to accommodate this extra isolated-feedback
circuit is to reduce the value of ,R' which ensures that the R1/R2 divider voltage is comparable to
IC1's internal feedback reference (1 5 \D Performance of the isolated converter is virtually identical
to that of the nonisolated converter, except for the power consumed by the isolated-feedback circuit.
T2 provicles an isolation of 500 V rms (transformers with 1500 V rms also can be obtained).

BASIC FLYBACK CONVERTER CIRCUIT

R1-

JLfL
PWM

ELECTRONICS NOW Fig.85-14

The figure shows a flyback converter, a variation on the boost regulator with a single switching
transistor Q1 that eliminates the input inductor L1. This kind of off-line flyback switcher typically
includes a bridge rectifier that converts the 120-Vac line voltage to 150 Vdc for the switching sec-

tion. Current increases at a linear rate through the primarywinding of transformer T1, which be-

haves like an inductor by storing energy in its core. As soon as Q1 cuts off, the magnetic field begins
to collapse, and the winding polarities reverse. During the second half (flyback period), when Q1 is

off, the energy is transferred to the secondary of transformer T1 , charging capacitor C 1 and feeding
the output load. A PWM loop controls Q1's conduction by comparing output voltage to a set refer-
ence. If the load demands more current, the ON time is increased; if it demands less current, the ON
time is decreased.
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0.1 pf,
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SNUBBER NETWORK ENERGY SAVER
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16U

300 nA
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+5V@325m4

Yin

+10 lo +20 Y dc

H25n.A0J

T
lr

02
'tlt5E19

D{

a
Rl

n
u1

Y61

+27 Y

(bi.s)

02 ml

i3
000

0.17 pF

50YIC1

2.m1,1% 6.19t,1%
T1: ll = {9:3ll:'12; Con lhgnolis 77050-47

ELECTRONIC DESIGN Fig.85-15

A flyback regulator offers the advantage of providing muitiple output voltages with a single mag-
netic structure. Therefore, it is very compact and cost-effective. This particular circuit has a main
*5-V output and a * 12.5-V auxiliary output. The device being driven also requited a "bias" voltage
of +27 V with a few milliamperes of current. The heart of the regulator is a Natlonal Semiconductor
LM2577-,\DJ "simple switcher" controller IC, \ rith resistors R1 and R2 providing the feedback for the
main *5-V output. The auxiliary + 12.5-V output is regulated by the intrinsic tight coupling of a dis-
continuous-mode flyback topology. R3 and C1 are compensation devices. Although another winding
could have been used in the transformer to provide the +27-V bias output, a "free" output can be re-
alized from the transfer of the voltage spikes in the primary winding to the reservolr capacrtor (C4)
lra diode D3. The charge in the capacitor is drawn by the current of both the bias load and the shunt
zener regulator (D4). Enough charge rs depleted from the capacitor to a11ow the next voltage spike
to almost fully dump its energy in the next cycle. In a sense, this is a modified snubber network in
w'hich the energy is being put to good use, instead of being wasted as heat on a resistor.
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86

Power-Su pply Ci rcu its-
Variable Output

Th" ,orr."s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Variable-Voltage Source
Experimenter's Power Supply
Dc Power Supply
Simple Adjustable Dc Supply
7 .5-A 12- to 16-Vdc Regulated Power Supply
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R1
5001(

7

VARIABLE.VOLTAGE SOURCE

?,0r)

1211 fiF00 vo

POPULAR ELECTRONICS Fig.86-1

This variable-voltage source can provide between 0.6 and 20 V, depending on the setting of Rl

EXPERIMENTER'S POWER SUPPLY

ER'

PLI

POPULAR ELECTRONICS Fig.86-2

The power-supply circuit has an output that can be varied linearly by potentiometer R2 or
switched to specific leveis by rotary switch 53.
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+
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DC POWER SUPPLY

OI,TPUT

,17
vAc

? ?,,taId
t_g

u'l

@.a
+

POPULAR ELECTRONICS Fig.86-3

Here's the schematic for The Crusher dc power supply. The outputs are front-panel-mounted
banana jacks. T1 is a 24- to 26-Y transformer with 1- to 5-A capacity. C1 should be a minimum of
1000 pF per ampere of dc. C2 should be at least 100 g,F (or larger). C2 helps maintain good transient
response for transients that are too fast for the regulator, and220 to 470 pF is recommended. BR1 is

a 50-V bridge rectifier. U1 must be heatsinked. M1 is an ammeter of 0-5 A or 0-10 A full scale. The
output voltage can be adjusted from about 1.2 to 30 Vvia R2. Vour: 1.26 (R,l R, * 1) volts.

SIMPLE ADJUSTABLE DC SUPPLY

up to 40v

VOUT
+1.2 to +25V

c1
0.1pF

+

R2
2K

VR1
5K

\

NUTS AND VOLTS Fig.86-4

Using an LM317L IC, this regulator will find broad application where a simple adjustable supply
is needed. The IC is a surface-mount type, but a different package style can be used.
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7.5-A12- TO 16-VDC REGULATED POWER SUPPLY (Cont.)

This suppiy uses an L123 regulator IC and a pair of 2N3055 power transistors as series-pass reg-
ulators. \,R,1 is the current limit, and \G2 is the vo}tage control. The 2N3055 transistors and the
TIP41A should be heatsinked because up to 50 W of dissipation can occur.
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87

Probe Circuits

Th" ,or.""s of the foilowing circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Active High-Z Probe
Infrared Logic Probe
Seven-Segment Logic Probe
Logic Probe
Logic Probe Circuit
Mini High-Voltage Probe
Scope Probe Circuits
F requency Probe
Logic Probe
Wireless Dc Probe
High-Voltage Probe
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R1

PROBE lOOMEO

xt
100K

F8

ACTIVE HIGH.Z PROBE

HANOE

95.3K

Rlr
10K

rcld
lt4TLc,2,,

S2
R5

1.0 MEO

R3

BP1

J1
vo,r,

rcl$
lt4TLCfrt,.

GNO

+8V

'.|
sl

?**'| *lr-

tI}
100K

,',-{
12V

POPULAR ELECTRONICS Fig.87-1

This probe has a 100-mC) input impedance and uses a TI TLC2254 quad op amp operating from
a 12-Y battery. It can be used u,rth a D\T4 or an analog multimeter for measurements in the high-im-
pedance circuits. BP1 is a Teflon standoff to ensure lor,v leakage at the termlnal.
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INFRARED LOGIC PROBE

r-----t
S2

c4
.1

SCOPE

+v

SENSITIVIry

9VOLTS

1ile800

RG-174
coAx

J1

R1
20K

PBOBE

vTP.al3
02

5

Lt3e2N

Rl2
1.2K

ELECTRONICS NOW Fig.87-2

Infrared light detected by photodiode D2 is amplified by IC1-a. The value of R2 can be changed
to decrease the sensitlvity of the circuit, if your application demands it. Connector J1 provides an
output to an oscilloscope for the display of the amplified photodiode signal. This is handy when
checking the pulsed emitters in most remote controls. Voltage comparator IC1-b squares up signals
from IC1-a to digital logic levels for ICZ-a. LED1 and current-limiting resistor R7 indicate the pres-
ence of steady-state infrared and also function with pulsed emitters if the duty cycle is appropriate.
Monostable multivibrator IC2 conditions pulse trains with any period shorter than the time constant
of R9 and C1 into a low-fiequency waveform with a very high duty cycle. This provides pulses for
LED2 that are constant in fiequency and duty cycle, regardless of the high input frequency to IC2-a.
Any frequency input to IC2-a with a period longer than the time constant of R9 and C1 creates IC2-
b outpul pulses with ttre same width as before at the input frequency. Tticolor LtrD2 (a dual
red,/green device) functions as a pilot lamp and indicator for pulsed infrared sources. LED2 will always
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+
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+
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INFRARED LOGIC PROBE (Cont.)

glow red and pdse amber (red*green) when infrared pulses are detected. The power source for the

circu|t is a 9-V battery. Alkaline batteries will provide many hours of operation because the circuit
has low-power integrated circuits in place of 52 for most emitters. For certain devices, such as slot-

ted optical switches, CD laser diodes, and reflective sensors, more sensi.tivity might be desrrable. If
you plan to use the probe for LEDs that operate beLow 0.5 mW, install 52 and R13-if not, you can in-

stall a wire jumper on the board instead of the switch.

SEVEN.SEGMENT LOGIC PROBE

il<o

7ES7
pP(oEE

NUTS AND VOLTS Fig.87-3

This circuit is capable of indicating the "HI" or "LO" status of a digital circuit. The circuit in the

figure will display the letter 11for HI or +5 V and L for LO or 0 V. The 2N2222 NPN transistor serves

as a drlver for turning on the appropriate segments of the display, thereby producing the letter 11.

This condition rmli occur with a *5-V signal applied to the base of the transistor. If a 0-V signal is de-

tected at the base of the transistor, the letter I will be displayed, indlcating that the transistor dri.ver

is turned off.
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LOGIC PROBE (Cont.)

buzzer will sound at the frequency of the pulses. The CMOS/TTL swltch seiects the voltage from the

circuit under test or the voltage from the 78L05 regulator. Note that when this switch is in the TTL
posltion, it can work only with 5-Vdc, but when the sr,vitch is in the CMOS position, it can r,vork r,vith

from 7.5 to 35 Vdc.

LOGIC PROBE CIRCUIT

+5V

+

INPUT

TO P[{S 2A

HIGH LOW

ELECTRONIC EXPERIMENTERS HANDBOOK Fig.87-5

In this logic probe circuit, the red LED indlcates logic high and the green indicates logic 1ow. The

optionat use of an LED seven-segment readout is also shou'n.
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MINI HIGH.VOLTAGE PROBE

p,
3D MEG

1A.

{r COAXIqLCABLE

PBOSE

Rl
80 MEG

1% 1%

CUP L
Pt-tlr I{OCIK.UPUNREf,A

ELECTRONICS NOW Fig.87-6

The schematic diagram of the probe reveals its simple circuit. It is a standard voJ.tage divider
made up of resistors with a 1-percent toierance. Resistors Rl and R2 are the key elements here. They
are rated at 15,000 V and 10,000 V, respectively. The 7500-Vdc peak specification for the assembled
probe must not be exceeded under any circumstances! The values for series resistors R3 and R4 are
in parallel with the 1O-MO resistance of the D\/1\4, thus proi.rding a 1000-to-1 voltage divider. Voltage
measurements made by the probe should be multiplied by a factor of 1000. If your DVM uses an in-
put impedance different from the standard 10 MO, you can adjust the R3/R4 series combination, as
needed.
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SCOPE PROBE CIRCUITS

@TIPENSAIIOil

osorlJo-
SCOPE

GROUND
CUP

oscrLLo-
SCOPE

PROBE

GROUND
cuP

COMPENSANON

ELECTRONICS NOW Fig.87-7

Assumi.ng a 1-MO scope input impedance and input capacitance Cr,, C"u*,r,,,ro,1nn: (fir.ur,./ 1 MO)

Cp.uL," or Cr.rnn./ Cuqrr,: Er,r.,,/ftr.oo"'
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FREQUENCY PROBE
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FREQUENCY PROBE (Cont.)

This design is a srmpiified 3{-digit frequency counter urth four ranges: 2000 H2,20.00 kHz, 200.1)

kHz, and 2.000 MHz. An effort was made to minlaturize the circuit so that it w'ould fit in a standard

logic-probe-t1pe case; the complete circuit rvas assembled on a perforated board cut dolm to 1X'1{

inches. The normal crystal time base u,ith a1l its drviders u,as elirninated in favor of one eight-pin DIP:

IC1, a TLC555 CMOS osclllator. It provides gate timings of 1000 ms, 100 ms, 10 ms, and 1 ms using Rl,
R2, C1, ancl C2 as the crucial timing components. Select C1 to be eractly 1/10 the value of Cr. Cali-

bration is done with trimmer potentiometer R5. Integrated circuit IC2 (an LM311) provides input con-

ditioning for any waveform of t0.9 to +30 V, u,hether triangle, sine, or square u'ave. Integrated circuit

IC4 (a CD4011 or 74C00) provides proper pulse delays to IC3, aT4C928llz-digit counter chip that di-

rectly drives a miniature 311- or 4-cliglt, common-cathode LED dlsplal'. The digit drlvers shotl'n, Q2 to

Q5 and R20 to R23, can be replacecl u,ith a single DIP package (such as a7549,75492, etc.). A 78 reg-

ulator, IC5, provides the *5 V fbr the circuit, and is mounted on the board u'ith the other components.

It can be driven externally via a standard ac wall adapter of 7 to 12 \'' at 30 nLA, or from a 9-V battery.

Be sure to bl,pass the supply pins on each IC u''lth a 0.1-pF monolithic capacitor for noise-free perfor-

mance. When accuracy is important, a crystal-controlled tlme base should be used.

LOGIC PROBE

560(}

c90r3()

H1

+
o1

+
Bl
9V

J1
PUISE IN

R2
10K

POPULAR ELECTRONICS Fig.87-9

The circuit uses a 4N35 optocoupler (IC1) anr.l a C9013G lranslstor (Q1) A positive pulse at the

base of Q1 turns on the transistor. The 10,000-O resistor (R2) iimits the incoming pulse so as not to

feed too much current to the base of Ql, preventing the transistor from being damaged. \\rith the

base of Q1 at a positive potential, electron current flow-s from the emitter to the collector junction.

The incoming pulse also pulls pin 6 high, iighting up LED1 by allowlng current to flow between pins

4 and 5. The 330-O resistor (R3) provides current limiting for pin 6, aithough R4 is the current lim-

iter for pin 4. While tesling a digital clrcuit, if the LED lights, that portion of the circuit is in a high

state; if the LED remains off, a low is present. The circuit can be placed inside a smail enclosure if its

connections are made as short as possible.
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TOUCH

WIRELESS DC PROBE
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POPULAR ELECTRONICS Fig.87-10

This probe for low voltages only (<100 \) uses the body to complete the dc circuit in a novel
way. The schematic for the dc voltmeter is shown. Power for the circuit is providecl by two 1.5-V N-
type cells, 81 and 82, which are wired in series. For the circuit to work, it must be completed or
ciosed. That is accomplished when the passive probe is held in one hand and the active probe is held
in the other and the polnts of the tr'vo probes are placed across tu,o points in a circuit uncier test. The
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WIRELESS DC PROBE (Cont.)

resistor labeled .B-^,.. is simply the resistance of the user's body. For ftnnn to be "swamped out," or

kept from interfeffi with the reading, extremely high input-circuit impedances are used in the cir-

cuit. All ofthe people tested by the author for this project indicated a body resistance from hand to

hand in the range of 200,000 to 500,000 O. Therefore, an input impedance of 50 MO, resistor R3, was

added. That also provided an adequate safety isolation feature. The reduction of RFI and 60-Hz

pickup is accomplished by the use of a q,mmetrical difference amplifier (ICl) at the input; the in-

herent conunon-mode rejection takes care of most the ac-related problems. The amplifier used for

ICl is a TLC1T1 CMOS op amp. Switch 51 is used to select polarity. Note that 50 MO of resistance are

present at both of ICl's differential inputs (RB at one input and the combined series resistance of R1

and R2 at the other). The user is placed in series with the 100-MO loop containing a 10-MO resistor

(R1) as the protective device in the passive-probe section. Capacitors Cl to C4 provide additional fii-

tering of residual ac noise and allow lC2, anLM3914 bar-graph display driver, to step up sequentially.

Switch 52 selects between two selectable input ranges: X1, where each step equals 1 V, and X10,

where each step equals 10 V. The display is made up of LED1 to LED11; LED2 through LED11 indi-

cate the individual steps. LEDI, the 0-V indicator, is also the power-on indicator.

HIGH.VOUTAGE PROBE
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100K
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1t/.

TIP

CLIP

+

.SEE TEXT

POPULAR ELECTRONICS Fig.87-11

This high-voltage probe allows your DMM to take high-voltage measurements to 10,000 V peak,

and acts as a high-impeclance (100-MO) probe for high-impedance circuit testing. The probe was de-

slgned to plug into a standard 10-MO input DMM. If your DMM has a different input, you can change

R3andR4tosuitit.Theratioof-R, +R2+R"+R4shouldbeexactly1000to1;thus,ai0.00-Vin-
put w11l read 10.00 mV on your DMM. Keep in mind that the impedance of your DMM is in parallel

with R:r/r?4 when you calculate new values.
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88

Protection Circuits

Thu ,orr""s of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Diode Relay Driver Protection
Delayed Action Mobile Radio-Protection Circuit
Overfundervoltage Protector
Electrostatic Protector
Simple Crowbar Circuit
Short-Circuit Shutdornn Circuit
MOV Surge-Protection Circuit
Simple Reverse-Polarity Protection Circuits
Reversed-Power-Supply Protector Circuit
Simple Circuit to Disconnect Load from Battery
Power-Supply Pass-T?ansistor Protection Circuit
Modem-Protection Circuit
Undewoltage Disconnect Switch
Electronic Circuit Breaker
Amplifier Protector
Short Protection and Shutdown Circuit
I'ailure Monitor
Simple Mobile Radio Protector

816



DIODE RELAY DRIVER PROTECTION

*t/

/fl100/

ELECTRONICS NOW Fig.88-l

The diode protects the sinitching transistor from the voltage spike caused by the relay coil.

DELAYED ACTION MOBILE RADIO-PROTECTION CIRCUIT

t2Y

12 Volt
*To

Raclio

C1
100pf

Sensitive-gate
SCR

NUTS AND VOLTS Fig.88-2

Thrs circuit uses an SCR and an RC circuit to delay application of pourer to a mobile radlo or other

equipment. This is to provide protection from starting motor- and alternator-induced transients.
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OVER/U N DERVOLTAG E PROTECTOR
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-1GEOUNDTO
METAL CASE

+21Y

ELECTRONICS NOW Fig.88-3

The ICL7665 over/undervoltage detector manufactured by Maxim (IC1) monitors the line volt-
age and disconnects the load if the rnput voltage goes below 95 V or above 130 V. The over/under-
voltage detector (IC1) monitors the filterecl, unregulated dc voltage developed across C5, which
changes with the input line voitage. The input voltage levels to IC1 are set by resistors R2 through
RB. As long as the voltage at pin 3 is above 1.3 V and the voltage at pin 6 is lower than 1.3 V, both out-
puts (pins 1 and 7) are low and RY1 is turned on and its contacts are closed. The average line volt-
age varies at different locations. Tiimmer potentiometer R4 provides a small adjustment range so
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OVER/UN DERVOLTAG E PROTECTOR (Cont. )

that you can set the window's center for your particular line voltage. When IC1 detects an overvolt-
age at pin 3, it immediately opens the relay by sending a high output to pin 2 of NOR gate IC3-a,

which, in turn, turns off Q1. When IC1 detects an overvoltage at pln 6, the output at pin 7 goes high.
Monostable multivibrator IC2 provides a lf-s delay to keep RYl turned off long enough for the volt-
age across C5 to return to normal. When pin 7 of IC1 goes high, it triggers IC2, and the high output
at pin 6 of 1C2 causes the output of NOR gate IC3-a to go low, which turns Q1 off and deenergizes

RY1. Switch 52 lets you quickly check the circuit's operation at any time. Pushing 52 raises the volt-
age at the junction of R2 and R5 and turns RYl off. RESET su.itch S1 restores normal operation.
Switch 51 turns the circuit on initially. An LM7805 voltage regulator (lC4) provides a constant 5-V

supply for the integrated circuits and the relay control current.

ELECTROSTATIC PROTECTOR

80urct

G

1{U Sdloder

0
galB

odda

(al s (u

ELECTRONIC DESIGN Fig.88-4

A simple way to protect the gate of a pou.er MOS device is to place back-to-back zener diodes be-

tween the device's gate and source (a). The breakdown voltage of the zeners is chosen to be less

than the oxide-rupture voltage so that the ESD transient cannot harm the gate. The resistance ofthe
clamp diodes must be kept to a minimum because ESD transients can have high peak currents (in
amps), and the voltage appearing at the gate will be the sum of the zener breakdou,n voltage and the
IR voltage drop across the diode resistance. The machine model (MM) is particularly stressful be-

cause there is no resistance to limit the current. Along rn'ith the diodes, the resistor (8,,) is added to
improve MM performance. R,, prevents the gate of the MOSFET from charging to a dangerous volt-
age level during the time the trSD transient is dissipated by the diodes. A machine model here is de-

fined as a 200-pf capacitor with no series resi.stance.
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SIMPLE CROWBAR CIRCUIT

NUTS AND VOLTS Fig.88-5

This circurt uses a zener diode and an SCR. \\rhen the supply voltage exceeds the zener break-
down voltage plus the gate turn-on voltage of the SCR, current flows in the gate circuit, turning on
the SCR and effectively shorting the supply. A fuse is generally placed in the suppiy line; it is de-
signed to blow when the SCR fires, protecting and shutting down the supply.

SHORT.CIRCUIT SHUTDOWN CIRCUIT

OTJTPUT
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li,ta{,0t

POPULAR ELECTRONICS Fig.88-6

When a short or severe undervoltage develops, Q1 is cut off, deenergizing Q1, and disconnecting
the load from the power supply.
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MOV SURGE.PROTECTION CIRCUIT

MOV2

MOV3

ltoT

POPULAR ELECTRONICS Fig.88-7

Three MOV devices (connected as shown) provide superior protection against line surges be-

cause all three legs are protected against excessive potential differences.

SIMPLE REVERSE.POLARITY PROTECTION CIRCUITS
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EVERYDAY PRACTICAL ELECTRONICS

TWo methods to avoid damage to circuitry from reverse voltages using diodes are shown.
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REVERSED.POWER.SUPPLY PROTECTOR CIRCUIT

sr
RESET
NC MOMEhITABY

o!
2N5060

10K
(555

EXTERNAL
POWER SUPPLY

GND +V

R2
300

D,

POLARITY REVEBSAL
WABNING LIGHT

GND +V
TOCIBCUITRY

BEQUIFIT{O PBOTECTION

NASA TECH BRIEFS Fig.88-9

This circurt is designed to sense a po\r'er-supply output (to other circuitry) arld detect a re-
versed-poiarity condition. The circuit consists of a complementary metal-oxide semiconductor
(CMOS) decoder (CD45558), which monitors the output of an externai power supply for proper po-
larity. If the poll'er-supply polarity is incorrect, the CD4555B detects that condition ancl triggers a
2N5060 SCR (Q1). After triggering, the SCR supplies current to a relay (K1), which, upon activation,
changes the external power-supply connections (to the external circuitry) to the correct polarity and
iliuminates a light-emitting diode (LED) to provide a visual warning of the polarity-reversal condi-
tion. After the reversed-polarity condition is remedied, pressing the contact switch (S1) momentar-
ily will reset the circuit to its original state. In its present configuration, the circuit can accommoclate
standard positive power supplies with dc voltages of +5, + 10, + 12, and * 15 V. The clecoder was de-
signed to operate at these different voltages. With some modifications, the circuit can monitor and
correct anomalous power-supply outputs from *3 !-, +28 V, or negative-polarity power supplies, or
voltages that are either too high or too low.
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SIMPLE CIRCUIT TO DISCONNECT LOAD FROM BATTERY

l* nrsn

Vmtp

tiP. r'$v(81#)

MAXIM Fig.88-10

To prevent battery damage, the circuit disconnects the load at a predetermined level of load volt-
age. This level (7,.r, closely proportional to the battery voltage) is determined by R1 and R2 so that
the voltage at pin 3 of ICl equals 1.15 V: (.,: 1.15 V(Rr + R.) / Rr The allowed range for (,,, is

2 V to 16.5 V The load-battery connection r'emains open until the system receives a manual re'set

command. Pressing Reset (or pulling pin 3 above 1.15 V with a transistor) reconnects the load after
the battery is recharged or replaced. Battery drain wrth the ioad disconnected is only 5 pA, so the
circuit can remain in that state for an extended period without causing a deep discharge of the bat-
tery. Choose Q1 for a minimal voltage drop (source to drain) at the required load current.
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POWER.SUPPLY PASS-TRANSISTOH PROTECTION CIRCUIT

cl

ELECTRONICS NOW Fig.88-11

A currentlimiting transistor and resistor protect the pass transistor and rectifier bridge in this
linear supply.

MODEM.PROTECTION CIRCUIT

R1

10K
l WATT

R2
1K

LEDlPHONES

TELEPHONE MODEM

51-a s1-b

+ +

MOOEM TELEPHONE LINE

POPULAR ELECTBONICS Fig.88-12

A common problem in modem communications is that family members often pick up extensions
during a modem call. Forget about having your domrrloads messed up by someone lifling a phone.
This circuit completely disconnects all phones on a line when you are using a modem.
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UNDERVOLTAGE DISCONNECT SWITCH

v+

ENABLE

s1 S2

Vour

LINEAR TECHNOLOGY Fig. 88-13

In an effort to conserve energy, simple shutdown schemes are incorporated into many battery-
operated circuits. Not all circuits lend themselves to direct control, however. Instead, the supply
must be turned off by a switch. The LTC1477 high-side switch is designed for this purpose and in-
cludes short-circuit current timiting and thermal shutdown to guard against faulty loads. The figure
shows the LTC1477 and LTC699 conjoined in an undervoltage disconnect application. The LTC699
microprocessor supervisor disables the LTC1477; hence, the load is disabled whenever the input
voltage falls below 4.65 V. An external logic signal applied to the gate of Q1 can also disable the
Lif(J,477. When enabled, the WC7477 output ramps over a period of approximately 1 ms, thereby
limiting the peak current in the load capacitor to 500 mA. This prevents gJitches on the 5-V source

line that might otherwise affect adjacent loads.
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ELECTRONIC CIRCUIT BREAKER
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LINEAR TECHNOLOGY Fig.88-14

Fault conditions can quickly put stress on power sources and also on the loads themselves. With-
out a protective device to interrupt power during fault conditions, the supply can be overloaded or a
Ioad can overheat. The LTC1153 is a high-side MOSFET switch controller device with built-in circuit
breaker, which turns off the MOSFET switch in the event of a fault. There is a built-in automatic re-
set, along il.th an input for thermal shutdoun. The trip delay and reset times are fully adjustable. Be-
cause of its low (20 pA max) standby current, the LTC1153 can also be used in battery-powered
equipment to protect the battery without reducing battery life. The switch can also be controlled
with logic input. A status indicator reports fault conditions to a processor.
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AMPLIFIER PROTECTOR

+Ug (3 5Y)

Rrg

ELECTRONIC DESIGN Fig.88-15

Unprotected amplifiers in nonlnverting, single-supply, voltage-follower stages might need exter-
nal protection if input signals can exceed the rail voltages. Low-threshold Schottky diode clamps D1

and D2 provi.de safe clamping while -8" limits the fault current.

SHORT PROTECTION AND SHUTDOWN CIRCUIT
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'c0rLcRAFI D01608-103

LINEAR TECHNOLOGY Fig.88-16

An LT1301 is used in the figure to boost a 3.3-V or 5-V input to 12 V, as for 7r, for flash memory.

Although the LT1301 features a shutdown control, the input supply can still feed through to the out-
put through L1 and Dl. Similarly, a short circuit on the output could drag dorr,n the input supply.

With the addition of the LTC1477,the circuit furnishes 1O0-percent load shutdorr,n and output short-
circuit protection.
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FAILURE MONITOR
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ELECTRONIC DESIGN Fig.88-17

Some time ago, a situation arose in which a watchdog timer was needed to monitor an embed-
ded computer. The computer in question required approximately Zllmntfies to boot up and run the
application software, so a monitor circuit was created that could wait 3 minutes before indicating fail-
ure. U1A, UzA,UzB, and U3 form a 3-minute timer. U1A operates as a free-running oscillator with a
period of 1.41 s. The square-wave pulses are counted by U3, which generates an oscillator reset via
U2A that effectively stops the clock. During the 3-minute interval, U2C and U2D send the oscillator
signal to DS1, causing the indicator to flash. This flashing shows that the equipment is in its power-
up cycle. When the reset occurs, the output of UlA is held low. U2B is a power-up reset for the
counter. After 3 minutes, the indicator will come on continuously unle$s the watchdog input signal is
present. U1B is configured as a 3.3-s-duration one-shot. When the watchdog input is pulsed low, the
output switches high and keeps the LED from turning on. If the next pulse is not received in at least
3.3 s, the output will remain low. As a result, the LED will turn on, indicating failure. Should the
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FAILURE MONITOR (Cont.)

watchdog input begin pulsing prior to the S-minute timer, the watchdog will take precedence and
turn off the flashing LED.

What happens if the watchdog circuit fails? One of the characteristics of the NE556 timer is the
inability to fully discharge the timing capacitor if the timer is retriggered prior to finishing a timing
cycle. Applying a l0-H2,1OO-ms-wide pulsed input to the watchdog causes the capacitor charge to
accumulate for approximately B s. This results in a 100-ms "heartbeat" flash of the LED every 8 s,

which indicates that the circuit is still alive and that the LED hasn't burned out. The watchdog input
is generated by an VO line of the computer. Depending on the VO board's design, the signal might
need to be inverted to allow the watchdog input to remain normally high.

SlMPLE MOBILE RADIO PROTECTOR

Battery +

Relay &
fuse block
under hood

f

12 Volts from
ignition switch

22k

5k

Radio
power
cable

1500
16

pF
V

+

MPSU-10

73 AMATEUR RADIO TODAY Fig.88-18

This circuit supplies power to a mobile radio only when the ignition is on and has a delay feature
to prevent energizing the radio until the key has been on for several seconds, to avoid spikes and pos-

sible transients from the starter motor.
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89

Th" ,orr."s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources sectlon.

Variometer Radio
VLF / HF Lightning Detector Receiver
Regenerative Shortwave Receiver
Receiver Incremental Tuning Circuit
Vacu u m-T[tbe SW Receiver
Improved Regenerative SW Receiver
One-Chip AM Radio
WWV Recelver
Simple 225- to 400-MHz Air-Band Receiver
Direct-Conversion WWV Receiver
Tko-IC Medium-Wave Receiver
SCA Receiver
Variable-Resistor-Controlled Regenerative

Receiver

830

R/C Receiver Preampllfier
AM Broadcast-Band Preselector'
80- and 160-m Direct-Conversion Receiver
Receiver Front-End RF Attenuator
Solid-State Regenerative Receiver
TWo-Ttansistor TRF Radio Receiver with

Audio Amplifier
Simple TRF Receiver
60- to 72-MHz Video and Sound Receiver

and IF System
Receiver I'ront-End Selector
Tesla Coil Secondary Recelver
Op-Amp VLF Receiver
One-Chip Front-End AM Receiver

Receiving Circuits



VARIOMETER RADIO

(ro
HIGH.IMPEDANCE

c1
EARPHONES)

1 l{3a
ANT

L1'

t2

GNO'

L3'

.SEE TEXT GND'

ELECTRONICS HOBBYISTS HANDBOOK Fig.89-l

The schematic of the complete variometer radio is shown in the figure. An antenna can be con-
nected to the radio through either of the two points labeled,4,A/7: either directly to the circuit or
through a 100-pf capacitor. The ground connection can be made at any of the points marked Gl/D.
There is a reason for the preceding options: By varying the antenna capacitance, the ground con-
nectiotr, and the position of the sliding coil, the entire AM broadcast band can be tuned. Depending
on the antenna and ground connections, it might be necessary to add a small capacitor, C3, at the
pornt indicated in the schematic. If so, experiment with values between 25 and 200 pf (separately
or in parallel) to find which gives the best result. If you build the variometer using Fahnestock clips
(as explained later), adding the capacitor(s) after the radio is built ifthe need arises should be easy.

When a signal is selected by adjusting the antenna, ground connection, and position of L2, the signai
is passed on to the diode-detector part of the circuit, composed of D1, which demodulates the sig-
nal. The signal then goes through blpass capacitor C2 to the earphones. Only high-impedance ear-
phones should be used with the variometer. L1 and L3 are 86 turns of #22 wire on a 1.25-itrch form,
and L2 is 74 turns of #22 wire on a 1.75-inch form.
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VLF/HF LIGHTNING DETECTOR RECEIVER (Cont.)

It is known that cloud-to-ground lightning strikes produce far more VLF emissions than cloud-
to-cloud strikes. By monitoring both VLF and HF, hghtning can be analyzedfor such things as strikes
per flash, Ieader steps, amplitude or relative range, and the ratio of cloud-to-ground to cloud-to-
cloud discharge. This pair of simple receivers separately monitor both VLF and HF. Note that they
are both extremely similar, except for their respective antenna coils. The VlF-antenna coil, L1 in
Ftg. A, is made of 94 turns of #33 magnet wire wound on an 1l-inch-diameter cardboard disk. The
HF-anterma coil, Ll in F€. B, is a conunon RF choke, or about 100 turns of very fine magnet wire on

a %-inchJong ferrite core (any similar junkbox choke should do). Antenna ANT1 is a 6-inch wire an-

terma. The first LF'411 FET op amps (ICl in both circuits) are prealnps. The second LF411s (IC2 in
both) add more gain. Test point 1 in either circuit can be used to connect high-impedance head-
phones or an oscilloscope. Test point 2 in either circuit is for a connection to chart recorders or event
counters. The outputs of both circuits go to LM3914 bar-graph display drivers (IC3 in both circuits),
whichpowerbothLEDbargraphs (DISPI inboth) andlow-voltagepiezobuzzets (BZ1, againinboth
receivers). The negative leads of the buzzers, while shown connected to pin 1, can be cormected to
any of the bar-graph outputs. Both circuits are powered by split supplies.
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REGENERATIVE SHORTWAVE RECEIVER (Cont.)

The receiver is composed of several subassemblies: an active antenna, an ampiifier (with a re-
generation controL ancl band-st'r.itching circuitry), an AM detector, a power amplifier, and some form
of output device (internal speaker, external speaker, or phones), plus a multivoltage po\,'er supply.

The schematic diagrarn of the receiver is sholr,r-i in the figure, a dual-gate MOSFET, Q4 (lvhich is

analogous to a pentode vacuum tube), is used as the regenerative amplifier. The dual-gate MOSFET

Ls configured as a Colpitts oscliiator, rather than an Armstrong tlpe. The MOSFET's feedback from
source to gate is pror,rcled via R1B and C33. The circuit contains several standard fixed-value induc-

tors, each of rn hich is connected ln parallei with a sma11 variable capacltor. Those LC pairs along with
a SP12T rotary switch (S2) are used for band selection. Regeneratrve amplification and AM detec-

tion are performecl by two separate transistors, Q4 and Q5. The AM detector (which is calied an i,n-

Ji,rtite-impeflance d,etr:ctor) has the advantage of not loading the Rtr stage appreciably. Because D3

is operated with a slight forwarcl bias, either a germanium or a silicon diode can be used in that po-

sition. The dc voltage across R24 (the volume control) should be about 0.1V. Regeneration is con-

trolled by varying the voltage applied to gate 2 of Q4. The circuit aLso contains fine and coarse

regeneration controls that al1ow delicate adjustments. The receiver uses an active-antenna circuit,
consisting of transistors Q1, Q2, and Q3. Under most conditions, a short whip antenna is adequate.

RECEIVER INCREMENTAL TUNING CIRCUIT

+5 REG
To Ocillator

C1 R3
1k12pF

R1

100k
R2 R4 Kel.ed

D2
1N4001 Q1

MPF102

+12

RB

1k

It
1k

1N914 03R5
1k

R6
47k

C2
.001

,1E E

73 AMATEUB RADIO TODAY Fig.89-4

D1 acts as a varactor diode coupled to the transceiver or receiver LO tuning circuit. On receive,

Q1, the MPF102, is cut off ancl the varactor voltage is controLled by the 10-k0 pot. On transmit, Ql
conducts; this effectively shorts the 10-kO pot, placlng a fixed voltage on the varactor diode.
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<c34

icas ;

:)

z!

QI

D5 D6

L3 (PrN 1)

73 AMATEUR RADIO TODAY

VACUUM-TUBE SW RECEIVER (Cont.)

T3

R13

Rl4

FI

c33
+

+6.3V OUTPUT

L3 (PrN 2)

01 B+

c35

B-, -6.3V
OUTPU T

PLI

L2 (PIN

L1 (PIN

Ll (PrN 5 )

L2 (PtN 6)

LI. 14 TURNS. CLOSEWOUNO EETWEEN L2 TURNS.

L2. T5 TURNS. SPACEO BY LI,
L3.12 TURNS. CLOSEWOUND.WINOING SPACED

t/8" FFoM ToP oF Ll/2.

* USE NO.26 ENAMELLEO WIRE FOR ALL 3
INDUCTORS.

* * CORE IS IA" DIA. BY I I/E. LOI{G PHENOLIC,
WITH 2 FERNITE SLUGS. CORE BASE SECTIOII
ts l/2' otA. By 3/E'LOilG. W|TH 6 SOLDER
LUGS IT,lEEOOEO,

S2

o
oN-oc OFF ON- AC c37

F2

+
B1

A

This vacuum-tube receiver covers from 9.4 to
22 MHz and is of interest to those hobbyists who
wish to experiment with vacuum-tube circuitry.

T

Fig.89-5

837

OUTPUT



(o
t

O)
6
c;ri

@z
eg
60

F

+

Ci

h6
rlFt

39
aj

o^

E3L:
E9F

989.

E
IIJ

IIJo
ttJ
E

=o
LrJ

tr
UJz
IJJ

o
IIJ
E
o
uJ

o
E.
o-

=

J

o8
2

Ei

+

p9

oa

(-\

si
E6FT

ozo
N
I0
I

qo
o
z

J

o

f
F

o
o
F
o
6
(
IEf
UJF

=(,
i-

N,o
J

2
z
U
Fz

I

F
t

G

Gf
GL,-3 

=--r

J
z)
a=

, F=))

+ {o
F

F

E:

:3oo

E

E
ao

:E

9a

+

+
E9

{o

a

838



IMPROVED REGENERATIVE SW RECEIVER (Cont.)

The figure shows the schematic of the circuit. A number of unique features give this design its
trouble-free performance. The tendency for regenerative receivers to radi.ate oscillator-frequency
signals is eliminated here by placing a transistor buffer Q1 between the antenna preselector circuit
L1-C1a and the regenerative oscillator-tuned circuit LZ-Clb. This buffer also nearly elimlnates hand-

capacitance effects. This design is also unlque in that lt uses an IC for the regenerative detector. U1,

an LM1496 double-balanced mixer, is used here in a somewhat unorthodox manner. The differential
SIGNAL iNPUT amplifier transistors internal to the IC are used as a Hartley oscillator in conjunction
with L2 and Clb. The regenerative feedback for this oscillator is supplied by the output of the GAIN

and ADJUST pins of the LM1496. Some of the osciliator output is coupled to one of the CARRItrR IN-

PUT pins via C9, which allou.s the mixer section of U1 to act as an asynchronous detector, greatly

improving the RF detection sensitivity over that of other regenerative circuits. The regeneratlon

level is controlleci by the voltage leve1 applied to the BIAS pin of Ul. The circuit containing R12 and

transistor Q2 is used as a variable-voltage source, providing the regeneration level immunity from
supply-voltage rrpple. This bias level controls the quiescent current level through the SIGNAL IN-

PUT ampiifier transistors, which, in turn, determines the emitter output impedance of these transis-

tors, controlting the amount of power delivered to the feedback winding of L2. This results in very
smooth and predictable regeneration control. The outputs of Ul are coupled through audio trans-
former T1 into the frrst section of U2, an LM324 op amp. Volume control is achieved though U2d and

vari.able resistor Rl8. Using a push-pull audio output stage, as is done here, also reduces suscepti-

bility to aurlio oscillation. Although the use of switched or plug-ln coils could have allowed multiband
reception, in the interest of simplicity, this rn'as not done. How'ever, the values of L1 and L2 allow cov-

erage of 5 to 15 MHz, where much of the shortwave action occurs.

ONE.CHIP AM RADIO

AUDlO
ouT

ELECTRONICS NOW Fig.89-7

The 2N414 IC contains a complete AM radio, r.ith AGC, except for an audio section. Like an

MMIC, it is powered through its output terminal.
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SIMPLE 225-TO 400-MHz AIR-BAND RECEIVER

AilT1'

18pF
O{..'TPUT

froAuDro
AtlP)

.001

.SEE TEXT

POPULAR ELECTRONICS Fig.89-9

Tuning coil L2 can be wound with 2 turns of #22 wire on a 5132" driii bit. This circuit is r'vell be-
haved as long as a good component layout is used. The component leads must be kept short and
neat, especially the leads of the transistor. The lengtlis should not exceed Zc". Audio couLd be tapped
off the tuning coil with a 5-pF (or so) electrolytic capacitor, but the 1N82 diode circuit seems to pro-
duce less signal loss. The RF signal frorn ANT1, an approrimately 18" antenna, can be introduced
through a small capacitor of 1 pF (or less) to the emitter of the 2N918. Other high-frequency tran-
sistors can be used, but might require different resistance in the regeneration circuit. The output of
this circuit must go to an audio amplifier.
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DIRECT-CONVERSION WWV RECEIVER (Cont.)

Incoming RF is picked by the antenna (ANT1) and i.s coupled via an autotransformer to a

grounded-base amplifier (Q3) before being applied to a diode-mixer network that comprises T2,Dl,
and D2. The best mixer performance is obtained when both secondary wrndings of T2 are identical,
and D1 and D2 are matched. The output of the local oscillator (LO)-a grounded-collector Coipitts os-

cillator (bulit around Qi)-is applied to emitter-foLlow-er,&uffer Q2, which provides a low-impedance
drive signal for the mixer. The demodulated signal is coupled to a pair of high-gain op-amp stages (U1-

a and U1-b). The op amps provide a 50-dB gain. Amplifier U2 provides a 20-dB gain, thereby produc-

ing sufficient output drive for an 8-0 speaker or 32-O headphones. The volume is controlled merely

by adjusting the length of the u,hip antenna. When driving 32-f) headphones, the circuit consumes

less than 25 mA; hou,.ever, the current drain increases to 40 nA when driving an 8-C) speaker.

TWO.IC MEDIUM.WAVE RECEIVER

t lC2GI
c1

K1

TOA7050

ELEKTOR ELECTRONICS Fig. 89-11

The antenna is an inductor, L1, consisting of about 60 turns of 0.2-mm (SWG36) enameled cop-
per wire on a ferrite rod with a diameter of 12 mm and a length of about 12 cm. The inductor is tuned
wrth a 500-pF forl-dieiectric variable capacitor, C1. The audio power antplifier, a TDA7050, is re-
quired only lf you want to use a smali loudspeaker instead of, or in addition to, the headphones. The

AF power amplifier also adds the luxury of a volume control to the receiver. The receiver IC operates

al 7.54 V from only one of two series-connected AA (penlight) batteries, which supply 3 V to the
TDA7050. Current consumption is of the order of 8 mA.
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SCA BECETYER (Cont.)

A simple Pll-based FM democlulator can be made to demoduiate two subcarriers and provide a

source of background music. The input to thrs receiver is fed from the wideband audio output from
an FM radio's first FM detector. This is the polnt tha1, feeds the fM stereo demodulator in an FM re-

ceiver. Care should be taken to ensure that ttre signal is tappecl off at a point lr.hich hasn't yet been

filtered fthe subcarrier(s) are still present]. This fM hput signal ls then passed through a second-or-

der high-pass filter and peaker stage (Q1), which serves to bandpass and pror,-ide additional gain

withil the input spectrun'i prior to the FM demodulator input. The FM detection is accomplished by

a simple LM565 PLL IC (U1) operating as an fM demodulator'. The PLUs VCO is tuned to 91 kHz via

R.|Cr. The demodulated output signal is available at prn 7, which is fbllou-ed by a second-order

LPF/buffer combination (Q4). The characteristics of this filter cau be modified to suit the user. The

design shown has an audio corner frequency of about 5 kHz. The filtered output is the recovered au-

dio output and is the input to an auclio amplifier. To choose the second subcarrier (67 kHz), the
peaker and VCO are gang-tuned by the Q2 and Q3 saturating slvitch transistors. These devices

switch in appropriate-valued parallel capacitors to retune the peaker and VCO to the proper fre-
quency for reception of the seconcl subcarrier slgnal. Circuit values shorr,,n are for an FM level of
about 50 to 300 mV rms at the input to the peaker stage. In addition, the PLL dlnamic characteris-

tics can be alterecl as desired by modifying the loop fl1ter. The typical recovered audlo level at pin 7

of U1 |s 200 mV rms. To receive SCA signals, the I'M receiver can simply be tuned to normal fM sta-

tions, and then the presence of either or both subcarriers can be checked.

VARIABLE.RESISTOR.CONTROLLED REGENERATIVE RECEIVER

ANTENNA

L1

+

ELECTRONICS NOW Fig.89-13

B1

FAB1

L3TtCKr-ER (FIXED)
BFC

21

c4

c2

c1

845
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SCA RECEIYER (Cont.)

A simple Pll-based fM demodulator can be made to demodulate two subcarriers and provide a

source of background music. The input to thls receiver is fed from the wideband audio output from
an FM radio's first FM detector. This is the poirrt that feeds the fM steleo demodulator in an FM re-
ceiver. Care should be taken to ensure that the signal is tapped off at a point which hasn't yet been

filtered [the subcarrier(s) are sti]1 presentl. This FM input signal is then passed through a second-or-
der high-pass filter and peaker stage (Q1), which serves to bandpass and provide additional gain

within the input spectrum prior to the FM clemodulator input. The fM detection is accompiished by
a simple LM565 PLL IC (tl1) operating as an FM demodulator'. The PLLs VCO is tuned to 91 kHz via
RJC.r.The demodulated output signal is available at pin 7, rvhich is follolved b1, a second-order
LPF /buffer comblnation (Q4) . The characteristics of this fiiter can be modified to suit the user. The
riesign shown has an audio cornel fiequency of about 5 kHz. The filtered output ls the recovered au-

dlo output and ls the rnput to an audio ampllfler. To choose the second subcarrier (67 kHz), the
peaker and VCO are gang-tuned by the Q2 and Q3 saturating switch transistors. These devices

switch in appropriate-valued parallel capacitors to retune the peaker and VCO to the proper fre-
quency for reception of the second subcarrier signal. Circuit values shorm are for an FM 1evel of
about 50 to 300 mV rms at the input to the peaker stage. In adclition, the PLL dynamic characteris-
tics can be altered as desired by rnodifying the loop filter. The typlcal recovered audlo 1evel at ptn 7
of U1 is 200 mV rms. To recelve SCA signals, the l-M receiver can simply be tuned to normal fM sta-

tions, and then the presence of either or botlt subcarriers can be checked.

VARIABLE.RESISTOR-CONTROLLED REGENERATIVE RECEIVER

ANTENNA

ELECTRONICS NOW Fig.89-13
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L3 L4
49pH 49pH

t2
1&pH

cl+
380pF

Cl-a
380pF
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J1
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c8
100pF

c2.
(ppF

@@

r

I
I
L

AM BROADCAST.BAND PRESELECTOR

S1-a s1-b

L5

L1

180pH

.J

POPULAR ELECTRONICS Fig.89-15

The circult for the AM-BCB preselector is completely bilateral; for that reason, J2 could just as

easily be the input jack. That makes connecting the unit to your receiver a breeze. Note that su,'ltch

S1 can be set so that the unit is bypassed.
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80- AND 160-m DIRECT-CONVERSION RECEIVER (Cont.)

The full circuit diagrare, except for power supply, for the direct-conversion top-band and 80-m
receiver is shown. Incoming RF from the antenna is fed to the primary side of coil L1. This trans-
former/coil is bought to resonance at the required frequency by a pair ofback-to-back varicap diodes
(\D1 and \D2). TR1, an RF, is coupled to the base (b) of transistor TR2, an emitter-follower. The
output of TR2 feeds L2, the secondary being brought to resonance by varicaps \D3 and VD4. The
variable-frequency oscillator (\TO) comprises a tuned circuit consisting of transformer L3, variable
trimmer capacitor VC1, and varicap diode \D5. Variable bias to \D5 is provided by tuning control
\G,2. Transistor TR4 maintains oscillations at the desired frequency, and TRS is an emitter-follower.
The output of TR5 is sufficient to drive the CN{OS divider chain formed by IC4. The \EO covers the
frequency range 6.9 to 8.1 MHz, and this is divided by IC4 to produce 3450 to 4050 kHz for 80 m and
7725 to 2025kHz for 160 m. The output of IC4 is fed to IC1, part of the procluct detector. The RF sig-
nal from the secondary tap on L2 is fed to a "phase splitter" formed around transistor TR3. Analog
switch C1 operates at the selected \tsO frequency and thus produces sum and difference frequen-
cies of the WO and the incoming RF. The output of IC1 at pin 4 is filtered to give resolved audio at
this point. A high-gain inverting amplifier, with -3-dB points of approximately 300 Hz and 3 kHz, is
formed by IC2a. This audio is now fed to IC3 lr,'ith a maximum power output of 2 \V. An LM380 is used
in a standard configuration, and a fired gain of around 30 dB is obtainecl.

RECEIVER FRONT.END RF ATTENUATOR

TO
RF AI'PLIFIER

OR MIXER

J1

R1
10l(

RF ATTENUATOR
l2VOC

POPULAR ELECTBONICS Fig.89-17

This PlN-diode front-end RF attenuator circuit contains a simple shunt circuit. The dc voltage
from the potentiometer sets the attenuation level. The PIN diodes can be MV3404 or similar types.
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R1
1 MEG

Q1
2N3904

cs
q236spF

6
TURNS
ADDED

SOLID.STATE REGENERATIVE RECEIVER

ANTENNA

TURN 50
c1

5-50pF

L1

TURN 20

TAPS

a2
1K

TURN O

f ,-rrrr,tcHEa'-l

.0015
+5-9V

POPULAR ELECTRONICS Fig.89-18

You will need to modify the coil shown to use it with the regenerative receiver. Place a single

layer of electrical tape around the bottom windlng of the coil (L1); wind 6 turns of 19- or 20-gauge

wire over the taped winding, leaving 4" pigtails. Tape the winding in place. Then connect the modi-
fied coil to the receiver circuit as shown in the figure. The two 2N3904 transistors are connected in
a Darlington high-input-impedance circuit configuration to reduce loading of the tuned circuit. Po-

tentiometer R2 controls the positive RF feedback. If the receiver seems dead or if only weak signals

are heard, try reversing the leads on the six-turn feedback coil.
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TWO.TRANSISTOR TRF RADIO RECEIVER WITH AUDIO AMPLIFIER

TURN 50

INCHES TURN 20

TAPS

TUHNlO

t_ TURN O

l- z;nrrucnes 
-l

ANTENI{A

c7

@

c6 1t{3a

L1

R4
1K

OAIN
+5*9V

POPULAR ELECTRONICS

This receiver allows you to select the gain of its RF amplifier by adjusting R4.

a
.(xx5
c6
.2,

D1

21
a(

Fig.89-19
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SIMPLE TRF RECEIVER

TURN 50

TURN20

TAPS

TURN O

l- a*in rNcxes 
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|

ANTEN,{A

c6

1]{ga

Ll

1t{34

+5-9V

POPULAR ELECTRONICS Fig.89-20

Here is a receiver that contains an RF amplifier. The desired radio-frequency signal can be se-

Iected by tuning C5.
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60- TO 72-MHz VIDEO AND SOUND RECEIVER AND lF SYSTEM (Cont.)

This IF system uses a NE602 oscillator/mixer to convert \TIF TV stgnals of 60 to 72 MHz (chan-

ne13 or channel4 under the U.S. NTSC) lo 45MHz. An SAW filter is used to provide bandpass fil-
tering, followed by an LMl823 video IFiAGC/AF C/detector IC. Recovered video is fed to a sound trap
and 4.5-MHz sound takeoff filter. Video is fed to the output emitter follower and is up to 1.5 V p-p

into 75 O. An MC1357P FM IFAimiter/quadrature detector recovers audio information and provides

0.5 V p-p line-level audio. An LM555 oscillator and 1N914 diode act as a dc-to-dc converter system

to derive a negative 3-V supply for the LM1823 AGC system. Both AFC and AGC voltages are avail-

able for interfacing with external downconverters used for 440,915, and 1280 MHz amatettr TV re-

ception. Operation is from a 1,2-Y supply at about 200 mA.

A complete kit of parts, including PC board, is available from North Country Radio, P.O. Box 53,

Wykagyl Stati.on, New Rochelle, NY 10804-0053A.

RECEIVER FRONT.END SELECTOR

BANOPASS FILTER NO.l

3.spH D1 82PF

L1

o2

u
7.7pF

c13
',t

820n OUT

470{t

o4

sl
+12VDC

68pH

820f1 68pH

popuLAR ELEcrRoNrcs Fig. 89-22

Receiver front-end selection can be accomplished by using PlN-diode switches (as shown). The

PIN diodes can be MV3404 or similar types.
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OP.AMP VLF RECEIVER

R14
10k

RF

ANTENNA R9
1 00k

13

R5
3.3k

c4
0.0OluF

2fir0pF

Dc c7oUTPUT louF
Rl3

'lmeg

73 AMATEUR RADIO TODAY Fig.89-24

The figure shows the circuit diagram for an operational-amplifier VLF receiver. The circuit in the
figure uses a virtual-inductor front end. A virtual inductor is a circuit that acts like an inductor, but
isn't. Operational amplifiers A1A and A1B form a gyrator circuit. The inductance of this circuit is the
product of the components shown between A1A and A1B [C" X 3300 x (82 + rBr)1. Capacitor C2 res-

onates with the virtual inductance produced by the gyrator circuit to tune the desired frequency. For
the values of C2, C3, R2, and R3 shown, the circuit will tune from about 15 kHz to more than 30 kHz.

Resistor R3 is the tuning control. It is a potentiometer, and should be either a multiturn knob via a

vernier-reduction drive. The receiver front-end amplifier consists of amplifier AIC, which has a max-
imum gain of x 101 [i.e., (firl,Ro) + 1]. The output of A1C is an RF signal with a frequency equal to that
tlned by the gyrator and C2. This signal is coupled to the RF output stage (A2A) through capacitor
C5. The RF output stage shovm here is a noninverting operational amplifier circuit with a gain of x2.
The dc output circuit consists of a precise rectifler (A2B). The precise rectifier works like a regular
rectifier, but does not have the low-voltage "knee" between 0 and 0.6 V.(for silicon) or 0 and 0.2 V
(for germanium). The pulsating dc from the precise rectifier is filtered and smoothed to straight dc,

at a value proportional to the signal strength, by an RC integrator consisting of R12 and C7. The
buffer amplifier (AlD) is used to isolate the precise rectifier from the RF output amplifier.
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ONE.CHIP FRONT.END AM RECEIVER

,MPF

a1

S.l

18EE TEXT
H+eV

POPULAR ELECTRONICS Fig.89-25

The schematic diagram of the receiver circuit is shown. About al1 you have to do is wind two
coils, connect a few components together, and tie the input to a simple wire antenna, and a receiver
is born. The two coiis, L1 andL2, each comprised 100 turns of #28 enamel-covered coppermagnet
wire wound on T80-2 toroid cores (urth a tap at the 30th turn on L1).
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90

Record and Playback Circuits

Th" ,orr""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Tapeless RecorcVPlay Device
Tapeless Play-Only Device
1 -min Record/Playback Circuit
Continuous-Loop Playback Device
Record/Playback Circuit with Automatic Power Dou.n

859
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TAPELESS PLAY.ONLY DEVICE

vcc

Copyrighl ISO Co(p
l00it

OP

g1-r1-005

12

ta

t6 OHM SPEAI(88

NUTS AND VOLTS Fig.90-2

This requires a prerecorded message to be preprogrammed in the ISD1020A. To play a message,

set the switch to the *5-V position. The ISD1020A plays the entire contents one time, then stops.
Because CE is tied low, the set end-of-message bits are ignored. Momentarily changing the switch to
open, then back to *5 V makes the ISD1020A play again.

861

202'

tsD ro I 6A

20

rE
PD
eE
EOM

xcLx

AO
At
A2
A3
A4
lt
AO
A7

vcc D

v ccA

v ssD
V SSA

SPr
sP-

A UX ll{

MIC R€F
xrc
AGC

S

Arl^ ll{
ANA OUT



(Y)

o
o|
6
ri

o
FJ
o
o2
o
F)z

Y

R

s
6
{
H

E
:)o
E.
6
Yo
o

o-
o
E
oo
uJ
tr
.s
E
I

T

E

E
dI

H

t6

E E

!

?rlQIztt Ha'El[ E

nr(
9v gq **i

? i! $tq
I

I
I
d

e.I{I2tt 8e'Elfi E

rg6*i
{ :5 ur1 I

86
99 qfi8:

Ht,

t
a

i5 utgtI I

<<<<a<a- u e'tE
6

*6=
?

B6
99 g4s)

g

I

B

862

8

E

$

o

9



1 -min RECORD/PLAYBACK CIRCUIT (Cont.)

You can cascade several ISD1020As to increase a system's capacity. A circuit to create a 1-minute
message is shown. With this configuration, a message is stored across chip boundaries in a manner
transparent to the user. Changing from Record to PIay resets the MSP to the beginning of the first mes-
sage in the series. The next Play proceeds under control of CE. The circuit operates exactly like that
for a single device.

CONTINUOUS.LOOP PLAYBACK DEVICE

vCC
vcc

LSIt4

I6 OHM SPEAKEB

COPYRIGHT ISO CORP
1994

r0

9r- ro-007

NOTE: ClRCUlr LOOPS AEGINNING AT 0OO ANO THE MESSAcE CAN,T FEACH I OO (END)

NUTS AND VOLTS Fig.90-4

This requires a prerecorded message to be preprogrammed in the ISD1020A. If you want a mes-
sage to repeat over and over again, automatically, the circuit in the figure will do the trick. It uses the
Operation mode to accomplish playback looping as long as the message starts at address 0 (the be-
ginning of the memory) and does not require the full 20 seconds of analog storage. A message is first
recorded into an ISD1020A using the Yack/Yack project, with all address bits tied low. Next, connect
the circuit in the figure. Note that address bits 4'6 and A7 are tied high to enable the Operation mode.
Bit A3 is also tied high to enable continuous repeat. With PD low, PiR high, and CE held low, the be-

Sinrfng message in the ISD1020A win repeat.
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RECORD/PLAYBACK CIRCUIT WITH AUTOMATIC POWER DOWN

R8

1N9 r,r
4093

--i= R€coRD

NUTS AND VOLTS Fig.90-5

Many applications for sound recording and reproduction, where battery power is necessary, re-
quire minimum power consumption. A circuit that achieves automatic power down in a record-and-
play application is shown. The cross-coupled latch, consisting of a 4093 Schmitt trigger quad
two-input NAND package (U2A and U2B), works to control the PD and CE pins for the Play mode.
Circuitry for the Record mode consists of U2C and U2D plus several support components. To start
the Record cycle, 52 supplies the ground to the microphone circuit and takes the input to U2D low.
The Schmitt Thigger action of U2 debounces the logic input to the ISD1020A.
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Relay Circuits

Th" .o*""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

50-trA Solid-State Relay
Polarity-Sensitive Relay Circuit
Solid-State "Latching-Relay" Circuit
Fault-Tolerant Relay Driver
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50-pA SOLID-STATE RELAY (Cont.)

age (up to 30 V p-p), a 15-V zener diode (D1) is inserted in series with the SCR. D1 delays the triac's
conduction trigger point each half cycle and produces onLy a slight reduction in rms power to the
Ioad. The dc control voltage, produced by the rectifier clrcuit, is switched to the SCR's gate using a
sensitlve Darlington-type optoisolator (A1). Only about 50 p"A of LED current in the isolator is

needed to fuliy turn on the SCR.

POLARITY.SENSITIVE RELAY CIRCUIT

D1 ŝ
P

*
^+-6-

lt{lttxL
:tV INPUT

v2

POPULAR ELECTRONICS

BY1
When a positive voltage is input to the circuit,

relay RY1 is activated; when a negative voltage is
input, RY2 is aclivated.

BY2

Fig.91-2
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c010538
39&

2

200t4

0.'l

a@.
pt
25t,

SOLID.STATE "LATCHING.RELAY" CIRCUIT

.l.{l0+17u

0n/0ll

2il1{01

I
0ptional

0lllpul

2.21

ELECTRONIC DESIGN Fig.91-3

A multitude of simple circuits perform switch debouncing because there are many ways to
implement a toggling latch. The circuit illustrated here merges these functions into one topology,
is extremely tolerant of power-supply variation (it works fine over more than a 3:1 range of sup-
ply voltage), and, most importantly, is unusual. The IC used in this case is the 40538 triple CMOS
SPDT switch. Section B acts as a bistable latch and stores the current ON/OFF state of the relay.
The 2.2-kO resistor between pins 1 (the ON terminal of the switch) and 10 (the control input)
provides positive feedback that sustains the switch in whichever state it finds itself. Thus, if the
latch is ON, pin 1 will be switched to pin 15 and, thereby, the positive rail. This will reinforce the
positive state of pin 10 and the ON state of the switch. If, on the other hand, the latch is OFF, then
the connection of pin 1 to pin 15 will be broken and the 10-kO pull-down resistor will drag pin 1

to ground. This will pull pin 10low, in turn, holding the latch in the OFF state. Meanwhile, pin 2
will output the logic inverse of the signal appearing in pin 1. This signal communicates to pin 3
and, if the control push button is open, wilI connect to pin 4 and charge the capacitor to a state
opposite that of the latch. There matters will rest until someone presses the button. This will con-
nect the capacitor to pin 10 and toggle the Latch state. 40538 section A serves as an output
buffer and has an output impedance of about 200 O when run with a 5-V supply and 100 O when
run with a 12-Y supply. If this is insufficient for the application, a transistor emitter-follower, like
that illustrated, will boost output capability to beyond 0.1 A.
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FAU LT.TOLERANT RELAY DRIVER

POWEE A

All diodes: 1N4148

All lransistors: 2il3700

POWER B

C0I'ITB0LLER B

CONTROLLER A

ELECTRONIC DESIGN Fig.91-4

Mechanical relays are useful in remote-switching applications that require electrical isolation be-
tween control and switched circuits. The traditional approach for driving the relay coils uses a sin-
gle-transistor conunon-emitter switch. The figure shows a circuit that can reduce the likelihood of
having an unrecoverable failure in the relay driver circuit. Additional transistor switches, inserted in
series with the original controlling transistors, maintain proper operation if a single transistor fails.
The diodes connected to the upper transistors prevent reverse base-current flow if the collector-base
jr-urctions break down. The diodes corLrLected to the lower transistor provide proper biasing for the
circuit. The upper and lower transistors will have a similar 70" because they are the same type and
have nearly identical currents. Therefore, the 7"" of the lower transistor will be about the same as

one diode voltage drop, and the device will be operatirg in the active region. Power to the relays can

be provided by one of two voltage sources cormected together through-diodes in a wired-OR config-
uration. The additional diode clamps the coil inductance voltage spike in the event that one of the
suppression diodes fails shorted.
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92

Remote-Control Ci rcu its

Th" ,o.,r""s of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Simple Remote Control
Simple Remote-Control Interface Circuits

870
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CH1

SIMPLE REMOTE.CONTROL INTERFACE CIRCUITS

(r,,1o r(]f-1 v0rTAGE)
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SIMPLE REMOTE-CONTROL INTERFACE CIRCUITS (Cont.)

If you want to control a dc motor, a momentary load, or an orVoff 1oad, these are some usefuL in-
terface circuits. Figure A shows a dc-motor controller that requires the outputs of two different
channels (CHl and CH2). Note that it doesn't matter if the channel outputs are active 1ow or high;
what matters is that CHl must be different from CH2 for the motor to be energized. The circuits in
Figs. B and C are momentary-load controllers for active high and active low channel outputs, re-
spectively. The circuit in Fig. D is a toggled-load controller. If you have an active high channel out-
put, you must add the inverter shown.
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Robot-Control Circuit

Th" ,orr""s of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Universal Remote-Controlled Robot
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UNIVERSAL REMOTE-CONTROLLED ROBOT
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UNIVERSAL HEMOTE-CONTROLLED ROBOT (Cont.)

RUNABOUT OPERATION

Unlversal Remote Key Runabout Action
Up Channel
Down Channel
Up Volume
Down Volume
Key 1

Key 2
Key 3
Key 4
Key 5
Key 6
Key 7
Key 8
Key 9
Key 0
Enter Key
Power Key
Mute Key

Move Foruvard
Move Reverse
Turn Right
Turn Left
Single LED On (Left)
Single LED On (Middle)
Single LED On (Right)
"Erratic Driver" Mode
Beep (Horn)
Dual Tones
Rising Tones
Change Speed
Falling Tones
Shift Key (Selects Memory 1-6)
Enter/Exit "Program" Mode
Run Selected Program
Pause (ln Program Mode Only)

ELECTBONICS NOW Fig.93-l

This project uses a microcontroller programmed with software that is posted on the Gerns-
back BBS at 516-293-2283 as part of RUNABOUT.ZIP. The robot can be controlled via a universal
remote control.
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94

RF Converter Circuits

Th" .orr""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Simple Scanner Converter
VLF Converter
"Bat-Band" Converter
NE602 Direct-Conversion Output Circuit
NE602 Frequency Converter
31-m SW Converter for Auto Radios
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SIMPLE SCANNER CONVERTER (Cont.)

This circuit can be powered from any 9- to 12-Vdc source, including a good alkaline 9-V battery.
Switch S1 either puts the unit into its Bypass mode, where a scanner connected to J3 will receive its
normal signals, or applies po\,'er to the circuit and down-converts all 800- to 950-MHz signals as fol-
1or,vs: At the heart of the circuit is OSC 1 , a 40-MHz oscillator module. Tiansistor Q 1 amplifies the os-

cillator's output, which is then bandpass filtered four times so that only the tenth harmonic at 400

MHz is presented to the input of U1, a Mini Circuits MAR1 wideband UHF/VHF ampllfier. Signals

from an antenna connected to J2 are high-pass filtered by capacitors C4 to C7 in conjunction with in-

ductors L2 to L4. Those inductors are etched into the tracings on the PC board, making the exact PC

board layout a necessity if the circuit is to function. Mixer Ul amplifies and mixes the two inputs-
signals betw.een 800 and 950 MHz and the 400-MHz local oscillator-and passes the 400- to 550-MHz

output to J3. This converter is not suitable for areas where signal strength ls 1ow or areas where a

large number of strong signals are present, as no RF stage ls used and iittle input filtering is used be-

fore the mixer, making thrs circuit prone to spurlous responses.

VLF CONVERTER

+5V 0C 0

C$
1uF

2.ZyF

POPULAR ELECTRONICS Fig.94-2

This very simple converter permits reception of the VLf 3- to 30-kHz band on a shortwave re-

ceiver covering the 6-MHz (49-m) shortwave broadcast band. T1 is an audi.o transformer of about 8

to 1000 C). These can easily be purchased new or found injunked transistor radios.
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4

NE6O2 DIRECT.CONVERSION OUTPUT CIRCUIT

rrI
ltL This figure shows a direct-conversion output cir-

cuit for an Ntr602.

T
c'r

1uF

73 AMATEUR RADIO TODAY Fig.94-4

5
U1

NE6O2

NE6O2 FREQUENCY CONVERTER

c1'1

+9 Vdc
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1k c6
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lt_llt rz o,t
lL'

RF
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XTALl
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73 AMATEUR RADIO TODAY

The NE602 can be used as a frequency converter with this circuit.

c7

c8

Fig.94-5
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31-m SW CONVERTER FOR AUTO RADIOS
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31-m SW CONVERTER FOR AUTO RADIOS (Cont.)

Power for the circuit is taken from the car battery and is dropped to the proper voltages for three
sections of the circuit by three separate reguiator ICs: U1, U2, and U4. Inductor L2 and capacitors C7
and C8 act as the circuit's antenna tuner. The tuned signal is fed to an input bandpass filter com-
posed of L3, C10, and C11. An NE602 oscillator IC, U3, is used as a combined mixer and oscillator.
That configuration is known as a series-tuned Colpitts or Clapp osc'illator, and is among the most
temperature-stable variable oscillators. The 1710-kHz output filter consists of L5, C35, and C36.
Each of the filters in the circuit was limited to a sirgle LC section to simpffi as much as possible the
alignment of the converter. Ttansistor Q3 is a frequency-counter buffer that is used only during
alignment. The gain of the converter is sufficient to overload the input of some receivers. Poten-
tiometer R21 can be used to decrease the output level and prevent overload.
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95

Rocket Circuits

Rocket Launcher Igniter Circuit
LED Rocket Countdown Launcher
Rocket Launcher Voice Countdown Recorder Circuit
Time-Delayed Model Rocket Launch Control
Model Rocket Ignition Circuit

884

I he sources of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.
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POPULAR ELECTRONICS Fig.95-l

An ISD1000A chip (IC1) containing a previously recorded message is connected in a simple
playback-only circuit that operates when power is supplied by closing the START switch (S1). A
7805 voltage regulator, ICS, is used to drop the 12-V input voltage to 5 V. When the audio message is
completed, IC1 produces a 16-ms low output pulse at pin 25. That low output pulse is fed to the in-
put, pin 5, of a monostable multivibrator,IC2. That IC produces a long timed output pulse at pin 6,

which turns Ql on, supplying power to the igniter and firing the rocket engine. This circuit contains
several safety features. Switch 52 removes power from the igniter fuse. One gate of a 4011 quad two-
input NAND gate (IC4-a) keeps the 45288 monostable multivibrator from misfiring and igniting the
rocket motor prematurely. When the Start switch is first activated, IC4-a's input goes high while C4

is charging up, and its output at pin 3 goes low, keeping IC2 from responding to any false input pulse

at pin 5. IC4-a's pin 3 clamps the input of Ql to ground, through D1, keeping it turned off. After a few
seconds, C4 is fully charged and IC4-a's output goes positive, enabling IG2 and allowing Q1 to oper-
ate. Though not shown in the figure, the inputs of the quad IC's three unused gates (IC4-b to IC4-d,
pins 5, 6, 8, 9, 12, and 13) must be tied to ground.
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LED ROCKET COUNTDOWN LAUNCHER

+5 - 12V
rclt.lnoR

s2
SAFETY
sffiTcH

LEDi . TED1O

ATAFT

14

POPULAR ELECTRONICS Fig.95-2

A 4011 quad two-input NAND gate and a 4017 decade-counter/divider IC are the heart of the
launcher. Tlansistor Ql, an IRF520 hexFET, sends the current through the igniter fuse to fire the
rocket engine. T\vo gates of a 4011 NAND gate, IC2-b and IC2-c, are cpnnected in a low-frequency
oscillator circuit, with R5 and C3 setting the oscillator's frequency. Another gate of thatIC,IC2-a,
starts the countdovm and sets pin 15 of the 4017 to the Run condition. The IC's fourth gate, IC2-d,
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LED ROCKET COUNTDOWN LAUNCHER (Cont.)

inverts and buffers the oscillator's output and supplies the clock input to pin 14 of the 4017. The 10

LEDs indicate the count. When the last one (LED1) turns on, pin 11 goes high, turning Ql on and

firing the igniter fuse. The last LED, LED1, will remain on until 51 is switched off. The countdown
can be halted by closing 53. Opening 53 continues the countdown.

ROCKET LAUNCHEH VOICE COUNTDOWN RECORDER CIRCUIT
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RECOBD 470K

POPULAR ELECTRONICS Fig.95-3

Use this circuit to record your countdown sequence on the ISD1000A. Once you are satisfied
with your recording, the circuit will no longer be needed. This circuit can be used as a stand-alone
voice recorder circuit.
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TIME-DELAYED MODEL ROCKET LAUNCH CONTROL (Cont.)

(R4-C9 and RB-C12, respectively) are used to debounce the RESET inputs (pins 4) of U1 and U2 (a
pair of 555 oscillator/timer ICs). When 52 is closed, C1's negative terminal is connected to ground

through the switch, momentarily pulling pin 2 of Ul (which is configured as a monostable multivi-
brator, or one-shot) Iow, activating it. Once triggered, Ul's output goes high for an interval that is de-

termined by R3 and one of six timing capacitors (C2 through C8). The timing capacitor is selected

via DELAY SELECTOR switch 53. The high output of U1 at pin 3 causes Q2 to turn on, allowing the
piezoelectric btzzer BZl to tum on. Monostable U1's output is also fed to the RESET input of U3 at
pin 4, causing it to oscillate with a duty cycle of about 75 percent. As long as the output of Ul is high
and the astable is oscillating, BZ1 beeps once every 4 s. The resistor discharges coupling capacitor

C10 whenever U1's output goes high. At the end of the selected time delay, U1's output goes low.

That low is coupled through C10 and D1 to the TRIGGER input (pin 2) of U2. Components R7 and

C11 set U2's high-output interval to approximately 3 s. During that 3-s interval, U2's high output at
pin 3 is fed to Darlington transistor Q1 through R9. With 54 in the LAUNCH position, Q1 grounds one

end of the engine igniter, effectively connecting it to the battery's negative terminal.

MODEL ROCKET IGNITION CIRCUIT

+l2V

R1
100K

M1
100F4

POPULAR ELECTRONICS

t*,
SI

rF

s2

This circuit requires a 12-Vdc source. A bat-
tery pack of eight AA ce1ls in series will work. Me-
ter M1 gives you an indication of battery voltage;
change the batteries when you see a noticeable
drop in current. The circuit contains two LEDs:
LED1 reminds you that the circuit is powered up,
and LED2 lets you know that you have continuity
through the igniter and are ready to fly. Capacitor
C1 gives igniters that extra kick they occasionally
need. Pushing the momentary push-button switch
(S2) sends the rocket on its way. Use a red switch
for that. The igniter leads are connected to the
plugs markedzgnzter.

R3
1K

+
LE}2

Fig.95-5
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96

Sawtooth Generator Circuits

Th" ,or.""s of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Simple Sawtooth Waveform Generator
Linear Sawtooth Generator
Linear Sawtooth Waveform Generator Circuit

890



SIMPLE SAWTOOTH WAVEFORM GENERATOR

+Fl2v

R3 -l-ll-lflsve.n
,/]rfr/rv e-v

100K
3

c2
,2

POPULAR ELECTRONICS

This sawtooth generator is built around a 555 configured as an astable multivibrator

Fig.96-l

I
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C1 lM)ltl
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Dt A7
rNe14 smK
D2 ran
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22K
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47K

v4 LM32tt
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Q2
2N39(X

c2
.01

LINEAR SAWTOOTH GENERATOR

+12V

C3

3-5V P-P

POPULAR ELECTRONICS Fig.96-2

Q1 is connected in a simple constant-current generator circuit. The vilue of Q1's emitter resistor
sets the constant-current level flowing from the transistor's collector to the charging capacitor (C1).

One op amp of anLM324 quad op amp IC, Ul-a, is connected in a voltage-follower circuit. The input
impedance of the voltage follower is very high and offers little or no load on the charging circuit. The

891



LINEAR SAWTOOTH GENERATOR (Cont.)

follower's output is connected to the input of U1-b, which is configured as a voltage comparator. The
comparator's other input is tied to a voltage divider, setting the input level to about 8 V. The output of
U1-b at pin 7 switches high when the voltage at its positive input, pin 5, goes above 8 V. That turns on
Q2, discharging C1. The sawlooth cycle is repeated over and over as long as power is applied to the
circuit. The sawtooth's frequency is determined by the value of C1 and the charging current supplied
to that capacitor. As the charging current increases, the frequency also increases, and vice versa. To
increase the generator's frequency range, decrease the value of C1, and to lower the frequency, in-
crease the value of C,. The output is about 3 to 5 V.

LINEAR SAWTOOTH WAVEFORM GENERATOR CIRCUIT

+lzv
D1

1il914
D2

1N91tl

D3
1N914

D4
1N914

500K
R9

f^ai

R4
10K

POPULAR ELECTRONICS Fig.96-3

In this circuit, Q1 is a constant-current source, whose output is controlled by R9. C1 charges lin-
early, and follower U1-a drives comparator Ul-b. When the threshold set by R3 and R6 is reached,
U1-b changes state and triggers pulse generatorU2, gating on Q2 and discharging C1 through R8.
The cycle then repeats. The period is approximately 8 x C,/1,, where 1, is the collector current of Q1,
as set by R9 and the base bias on Q1.
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97

Seismic Radio Beacon Circuits

Th" .orr."s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Seismic Radio Beacon (Geophone Amplifier)
Seismic Radio Beacon (Audio VCO and Buffer)
Seismic Radio Beacon (Threshold Circuit)
Seismic Radio Beacon (Timer and Switching)
Seismic Radio Beacon (RF Power Amplifier)
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This RF power amplifier operates at 432 MHz and was used as a power amplifier for a small
transmitter used in an amateur radio beacon that also has seismic monitoring capability.
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98

Shaft Encoder Circuits

Th" .orr""s of the following circuits are contained in the Sources section, which begins on page

1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Shaft Encoder Pulse-Generating Circuit
Shaft Encoder
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SHAFT ENCODER PULSE.GENERATING CIRCUIT

R5
100K

+v

ccw
PULSES

13

cw
PULSES

1000pF
16 3

R4
10K 100K

00opF

POPULAR ELECTRONICS Fig.98-1

This circuit produces one output pulse for every transition of the photosensor output or four
pulses for every section or line pair. The exclusive-NOR gates U1-b and Ul-c produce a pulse on
every transition, and U2, a dual four-chamel data selector, decodes them into "up" pulses or "down"
pulses. The number of sections or lines that can be accommodated on a disk is determined by its di-
ameter and the width of the sections. As an example, if the sections are made approximately 0.125"
wide, 25 section pairs can put on a 2" diameter disk and 100 pulses will be generated with every rev-
olution of the disk. The only limiting factor is that the sections must be wider than the photosensor's
aperture at the point they pass in front of it. The alignment of the photosensor assembly is not crit-
ical. The only concern is that one sensor be over a light area while the other sensor is at a transition
from light to dark or dark to light. T\ryo sections of Ul, U1-a and U1-c, act as buffers and waveshapers
for the outputs of the sensor, while Ul-b and U1-d generate a pulse at each transistor of the sensor's
output. The 100-kO resistors between the output and the input of U1-a and U1-c provide positive
feedback to speed up the rise and fall times and also generate hysteresis to eliminate noise during
the transitions. The pulses produced by U1-b and U1-d at the transitions are the result of the delay
produced by the RC circuits located at one input of each gate. For example, Ul-b pin 5 follows the
transition immediately, whereas pin 6 follows slowly. With the values shown, the two inputs are dif-
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SHAFT ENCODER PULSE-GENERATING CIRCUIT (Cont.)

ferent for about 100 ps after every transltion. While the inputs are different, the output is low. There-
fore, U1-b generates a negative pulse for every transition of sensor U3 and U1-d generates a negative
pulse for every transition of U4. The states of U3 and U4 determlne w-hether the pulse is sent to the
X output of the data selector (U2, pin 13) to indicate a CCW pulse or to the Y output (pin 3) to indi-
cate a CW pulse.

SHAFT ENCODER

A
A

CW CCw
B

Sensors should be placed as
thantn in A to produce the pulse stgnatr
shown in B.

A

POPULAR ELECTRONICS Fig.98-2

The electro-optical shaft encoder is a comblnation of encoding disk, photosensors, and coun-
ters. The encoding disk and photosensors generate a pulse traln that can be counted to determine
rate. The disk's dlrection of rotation can be sensed and used to determine count direction (for ex-
ample, count up for clockwise and count dorrm for counterclockwise). The disk need not be a pre-

cision part; it can be made from clear plastic with dark sections or lines painted on it. The number
of lines on the disk determines how many pulses are generated per revolution. If two photosensors

are used, two signals in quadrature are generated; from those, the direction can be sensed. A sim-

ple encoding disk is shown in A; note the alternating transparent and opaque sections. A palr of
electro-optical photosensors are positioned (as shown) so that when one is centered over a section,
the other is positionecl over a transition. As the disk is rotated, each photosensor wiLl be alternately
illuminated and obscured and will produce outputs (as shov"'n). A clockwise rotation is indicated
when there is a positive transition (from dark section to light section) at sensor B while sensor A is
low (obscured by a dark section), a positive transition at A while B is high (over a light section), a

negative transition of B (going from light to dark) while A is high, and so forth. A counterclockwise
rotation is inciicated when there is a positive transition of B when A is high, a negative transition of
A when B is high, etc.

901



99

Sine-Wave Generator Circuits

Th" ,orr."s of the following circuits are contained in the Sources section, which begins on page
1043. The figure number in the box of each circuit correlates to the entry in the Sources section.

Sine-Wave Doubler
One-Filter Three-Phase Sine-Wave Generator
Stable Sine-Wave Generator
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ELECTRONIC EXPERIMENTERS HANDBOOK Fig.99-l

This circuit uses a four-quadrant multiplier by Analog Devices to perform frequency doubling on

a sine-wave input signal. By applying a sine wave to both r and U inputs, the multiplier multiplies the
sine wave by itself, resulting in a sine-squared waveform. This waveform is equivalent to a dc level

and a cosine component at twice the frequency and half the original amplitude, i.e., sin2r:(1-cos
2x)/2-3 dB bandwidth is tlpically 30 MHz.
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ONE-FILTER THREE.PHASE SINE-WAVE GENERATOR

1 its 14

High-pass out

C erl'

1t
12

B1

B2

+V

q

Rr .rr

fl3

5

6

2

I 1 UAF42

Lon.prss
0,J I

Hiqh-pass nul = A x Sin lcot)
Bandpass oul = A x Sin {mt+ 90"}

low-pass oul = A x Sin (u+ 180']

'C ext is optional

1 |l914

-v

ELECTRONIC DESIGN Fig.99-2

It is possible to build a three-phase sine-wave osclllator using just one UAF42 state variable fil-
ter along with some resistors and diodes. Three output nodes are available: high-pass out, bandpass
out, and low-pass out. The signals at the bandpass and Iow-pass out nodes are 90o and 180' out of
phase, respectively, with those at the high-pass out node. An on-board auxiliary op amp is avaiiable
for use as a buffer or gain stage. The frequency of oscillation is set with resistors Rf 1 and RF2 using
the simple equation:

f,.",:7/ZIRC(\)

where E:8., :-Ro, and C:Cr : (Cr) : 1000 pf.
The maximumlf .,, obtainable using the UAF42 state-variabie filter is 100 kHz. However, distor-

tion becomes a factor for frequencies above 10 kHz. Resistance Ry R2,-Er, and fi, should be seiected
using the following equation to set the desired signal amplitude:

R r/ R r: R.,/ R 

^: 
[(V o+ V rc) /(4) - 0. 1 5) ] - 1 (|)

Resistor E* Frovides a positive feedback path from the bandpass out node to the summing-am-
plifier input. This provides the necessary "startup" required to begin osclllation. Suggested values
are as follows:

. If{,.. x.1 kHz, thenfi',,:10 MO.

. If 10 HrAJo"" <1 kHz, thenRn:5 Mf,).

. Ifl",<10 Hz, thenfi*:750 kO.
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ONE-FI LTER THREE-PHASE SIN E-WAVE GEN ERATOR (Cont.)

To clesign a 1-kHz, 1.2-V peak oscillator, use Eq. 1 to calculate fi., and E.r:

-Rn,:Rur:1/(2 x n x 1 kHz x 10-):159'2 kO

Use Eq. 2 to determine values for the signal-magnitude-settrng resistances RrlRrandR,lRr

R r/Rr:R,rlRr: [(Vo+Vc(.)i (Vo-0.15)]- 1

Assuming Vrr:75 V, then

RrlR,:R.,lRn:15.4

Setting.E, and E, equal to 15.4 k0 and fi, and En equal to 1 k0 would provide the proper resis-

tor ratios. These resistors act as loads to the internal op amp

STABLE SINE.WAVE GENERATOR

R1 Rg

ln*l
R2

c

c

tF347

R6

Rg
Rg

::
llotes: llaluss lor l-Ih signal

C = 0.01 pf , 1%*

81 = 10 k, 1olo-

Rg = 20 l, 1olo

Bg = 20 k nominal; malched requircd

R1 = 1.407 I calculalod; 1.40 k, 1% used

R2 = 5110.6 O calculaled; 5I1 0, 1% ussd

RA = 1O I nominal; lor dc bias

'[00ssrl0l0nm0 $li mskiing is ohl il Rl end nZ 8m adiHod.

905

c



STABLE SINE-WAVE GENERATO R (Cont.)

RANGE! -5 dBV

-16
dBv

ra
dB

/Dtv

-1te
START t Hz BIJ ! sToP! l0

ELEcTBoNIc DESIGN Fig. 9913

Semidigital circuits (e.g., crystal oscillators and dividers) can create square waves of very stable
amplitude and frequency. Removing the odd harmonics is a reasonable task for a filter. The obvious
solution, a narrowband filter, isn't acceptable because analog types are notorious for poor stability.
Digital and semidigital types (e.g., switched capacitor) are better in this respect, but they add their
own noise and harmonics. The task can be accomplished using the fllter shown. Without Rl and R2,
it is an active version of a five-pole passive low-pass LC ladder. This type has excellent amplitude sta-
bility in the passband, 30 dB/octave slope outside the passband, low component sensitivity, and a ca-
pacitor to ground at the output, which ensures continuous high-frequency rolloff and minimizes
stray noise pickup. The rejection would be inadequate at the third and fifth harmonics, but notches
at these frequencies can be created with just two more resistors, R1 and R2. This turns the device
into an elliptic-like filter.
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