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Preface

This latest volume of The Encyclopedia of Electronic Circuits contains approximately 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 with 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 available anywhere.

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 Troxler, whose skill at the word 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

xi



Encyclopedia of

ELECTRONIC
CIRCUITS

Volume 7



79
Photography-Related Circuits

The 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.

Darkroom Exposure Timer

Simple Synchronized 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 first 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 OFF 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, pin 11. Capacitor C4 will not be recharged until the output re-
turns to the OFF state, ensuring that if switch S1 is held down or accidentally pressed again before
timing is complete, the output time will not be affected. Timing ceases when the link-selected output
of IC3 goes high and resets [C4a through R14.

SIMPLE SYNCHRONIZED SLAVE PHOTO FLASH

LIGHT
\ 4
A
G
Ql 7O FLASH
AN & SYNC TERMINALS
47K
O
WILLIAM SHEETS Fig. 79-2

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

ENLARGER TIMER STEP CIRCUIT (0 TO 59 s)

YT !

555

iM 1M 1M MM 100K 100K 100K 100K 100K 100K 100K 100K 100K

50 40 30 20 10 0 + 9 8 7 [} 5 4 3 2 1 ] I F
SECONDS SECONDS = M

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 1-s intervals.
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ENLARGER TIMER

+12d.c. APPROX.
-0

RS - g A7 1
A1-R1Y
L, “‘\X I /‘m (STarT)
1 m\ E/‘Rs s H
‘\o st
R2 R10
R1 w A1z
w/o R1

ONC. 5
v+
VREF TRIG.
IC1

J
3 6 "y b
9 RC coL
o (-

i
#

+12v

EVERYDAY PRACTICAL ELECTRONICS Fig. 79-4

This fairly accurate design is also suitable for color work. Unlike many simple timer designs, this
unit is based around the LM3905N 8-pin D.L.L. precision timer IC, which repeats the timing period
very consistently with little drift, although the accuracy of the timer depends on the tolerance of the
components used. In the circuit diagram, IC1 is an LM3905N timer whose period is determined by an
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ENLARGER TIMER (Cont.)

external RC network selected by switches S1 and S2. The formula for the time period is {=RC, where
t is in seconds, R is in ohms, and C is in farads. Switch S1 is a single-pole, 12-way rotary type which
selects among timing resistors R1 to R11. S2 is a three-pole, four-way rotary switch that progressively
adds C1 to C3 in parallel with C4, thereby adjusting the timing capacitance range. In conjunction
with the 1-percent resistor network (R1 to R11), each 1p/1M pair represents a 1-s period; hence, the
maximum possible period is 44 s. Timing is initiated by closing switch S3. A floating output transistor
within IC1 drives a PNP buffer, which, in turn, operates relay RLA. The circuit requires roughly a 12-
V rail, and the relay 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 bulb, and a sep-
arate FOCUS switch (S5) can be included across the relay contacts (or perhaps drive the relay coil
manually), if desired.

CONSTANT-EXPOSURE ENLARGER TIMER CIRCUIT

+V ]

555

DS
1.3M 1M 600K 470K 300K 240K 160K 120K 82K

10 uF A
4 32 22 16 11 8 56 4 28 2

SECONDS =

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 settings.
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SLIDE-PROJECTOR STEPPER CIRCUIT

‘vv‘v +'|"""|"-
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> 3 8 rres 5% i O Com .
1 1
7K | ® O—]
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2l RiG ouT —_;g" o ||
GND RYA
+| o :
TﬂuF
ELECTRONICS NOW Fig. 79-6

This circuit uses a 555 timer to drive a relay connected to a slide projector to provide automatic
advance. R4 sets the time between slide changes.
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80
Power-Supply Circuits—Ac to Dc

The 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.

135-Vdc Supply

Vacuum Tube Experimenter’s Supply
10-W CW Transceiver Power Supply
Series-Regulated Linear Power Supply
Off-Line 24-V 100-W Dc Supply

Smart Ac Power Strip

Antique Radio Power Supply

IR Transmitter Power Supply

5-V Off-Line Regulator

Off-Line Regulator

Dual 5-V Supply

Vacuum-Tube Audio-Amplifier Power Supply
Simple Digital-Panel Meter Power Source
5-V Power Supply

Dual 51-V Switching Power Supply
High-Current Power Supply

15-V Receiver Power Supply/Charger
Simple Dual-Voltage Power Supply
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135-VDC SUPPLY

PL1

Fig. 80-1

POPULAR ELECTRONICS
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
+250V

T1
R1

AAA
v

PL1
8H

23

V1
5U4G

s,
AYH
7
8
IH——

ek
-
5

S

v

PL2
R3 D & 2.5 VAC

HE_-_L- 500 3
©
Fig. 80-2

POPULAR ELECTRONICS
This supply furnishes +250 V at about 60 mA, 2.5 Vac at 4.5 A, and it has a balance pot for the
filament (B-return) center tap. T1 is a power transformer with 350-0-350 Vac, center tapped, 5 Vac

A 4

dh

at 3 A. T2is 2.5 Vacat 4.5 A.
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10-W CW TRANSCEIVER POWER SUPPLY

1A
| 120 18 to 21 4G 3A +24
:9: VAC VAC ,_‘7—- - BR + -o/j-0———0 ToTBI-1
AC C.J_*
. ] 4700 yF To TB1-2
T BR=RS276- 1171 OV
(4A, 100 PIV)
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
T
<
v R1 <
o +
VIN - +| R
120VAC E B c
O—
~ y
I | L
ELECTRONICS NOW Fig. 80-4

The ac line is isolated from the power supply by transformer T1. Full-wave diode bridge BR1 de-
livers unregulated dc with ripple on it to the filter capacitor (C1.) The filtered dc is delivered to pass
transistor @1, 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 supply 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 Vreg = me (1 +R,/R,).
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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-V output is regulated to better than +1 percent over a line range of 90
to 260 Vac and an 8:1 dynamic load range. A maximum output current of 4.2 A is available for a to-
tal of 100 W. All 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 LT1105 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 LOAD SWITCHED
NEUTRAL HOT — HOT  NEUTRAL
1 ? SWITCH OVERRIDE T Q

- R6 c1
47K 10
D1 R5 =
1N4004 | 27K
0’"""’: Av‘v‘v
R4
470K +
oT o 4
[}
SR
< 1Q

4

y
NEUTRAL HOT
AC LINE INPUT

POPULAR ELECTRONICS Fig. 80-6

The schematic of the Smart Strip circuit is shown. The ac line input is connected directly to the
117-Vac line of a power strip. The voltage is rectified by diode D1 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
R1, a 1-Q, 10-W resistor. To limit the power in R1 to 5 W, therefore, a maximum load of no more than
5 A should be connected to the load sense outlet. The resulting voltage drop across R1 is fed to one
section of an LM358N 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 D1, 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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ANTIQUE RADIO POWER SUPPLY

T BR1
12.6V 6A
3A
F1 E
3A

AAA

Bl
L

*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

Sta 1 06
LG —/|<r G»—k

230V 2V 1N4002 o] 1ck Joup 2y

uA7812
ov
CoM
ce ° ouTPUT

|
I
|
|
i
' 2l gt } T
v 12y ;
o TWLES !

230V
MAINS

Stb 1Neo02 Il ca cwo
sofmslg Tmo;» Twcn
” ov
EO
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 mA from the high-voltage source through the gate control line of the IC1, thus bypassing
it. The combined regulated voltage and current source from Q1 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-wF 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 exists with the circuit and any
other person or device.

OFF-LINE REGULATOR

D1
o >t 1 4 5
LR645N3 $re
5 1 TRIMMED
INPUT c2 VOLTAGE
(24 TO 277VAC) 3 0.01pF OUTPUT
ct & (SET BY R2/R1)
iuF <Rl
o < : 0
AC RETURN -
ELECTRONICS NOW Fig. 80-10

This circuit produces 8 to 12 Vdc using an off-line regulator. The ratio of the resistors determines
the output voltage. The best value for R, plus R, is 250 k(}, although the data sheet allows values
between 200 and 300 k(. The 250-k{) 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.

729



DUAL 5-V SUPPLY
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POPULAR ELECTRONICS Fig. 80-11

This is a circuit 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

+120VDC
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BR1
4A 400 PIV

T T2"

00
*SEE TEXT - L

+92VDC
PLATE/SCREEN

ELECTRONIC HOBBYISTS HANDBOOK Fig. 80-12

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

two 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
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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
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ELECTRONIC EXPERIMENTERS 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-Vde, 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, R10 limits 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

Vout
o
2 g
2A =
Qo o
G 2 c2
. T47oo
"DEPENDS ON NE1 | sowvoe 2
CHASSIS
S s
l 1}
POPULAR ELECTRONICS Flo, 0L16

This 10-A power supply uses a 24- to 30-V 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 S3 is part of R4. For a fixed-voltage output, R4 should be set for zero ohms (fully counterclock-
wise). In that position, switch S3, will open. Trimmer potentiometer R5 should then be adjusted so
that the circuit produces a 12-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 S2 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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15-V RECEIVER POWER SUPPLY/CHARGER
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EVERYDAY PRACTICAL ELECTRONICS

Fig. 80-17

This power supply is for powering a receiver or similar load at 15 V, 100 mA. The NiCd battery
packis 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 substituted for the 230-V unit shown.

SIMPLE DUAL-VOLTAGE POWER SUPPLY
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0 +9-12V

F1 St
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“SEE TEXT

+

5000 T~

O -9-12V

POPULAR ELECTRONICS

Fig. 80-18

This 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 120:12-V transformer of 100

mA (or more) capacity.
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81

Power-Supply Circuits—
Buck Converter

The 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.

Negative Buck Regulator
Basic Buck Converter Circuit
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NEGATIVE BUCK REGULATOR
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MAXIM Fig. 81-1

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 VOut (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
—5.2 V) for the external MOSFET (Q1). With V . setto —3 Vand 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
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ELECTRONICS NOW Fig. 81-2

The buck regulator is an alternative single-transistor converter. Series transistor @1 chops the
input voltage and applies the pulse to an averaging inductive-capacitive filter, consisting of L1 and
C1. The output voltage of this simple filter is lower than its input voltage.
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82

Power-Supply Circuits—Dc-to-Dc

The 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.

Step-Up Regulator

NE602 Dc Supply Interface

Step-Down Regulator

Negative Supply Generator

Mini Power Source

1.3-V Supply

3-A Low-Dropout Regulator with 50-pA
Quiescent Current

2-V Reference

20-pnA Quiescent Current Regulator

Inverter Output Stage of a Dec-to-Dc Converter

Inductorless Bipolar Supply Generator

Step-Up Switching IC/Inverter

Basic Step-Up Output Stage of a De-to-De
Converter

Charge Pump Boost Converter

738

GaAsFET Bias Supply

3.5-V 7-A Linear Regulator Supply
Dc-to-Dc Converter for Digital Panel Meters
Negative Regulator

LM317 Circuit

Flash Memory V,, Generator

3.3-V 7-A Supply

GaAsFET Bias Supply

1-V 600-kHz Switching Supply

7-A 2.5-V Supply

Voltage Regulator Sinks and Sources
Efficient Regulated Step-Up Converter
LT1580 Circuit

One-Cell Converter

5-V Micropower Linear Regulator



STEP-UP REGULATOR

. .
+5VIN O IUUUUUL
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3 IC1
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Too, oo ? Soon e
OVIN O T T l-] T O 0V OUT
EVERYDAY PRACTICAL ELECTRONICS Fig. 82-1

Refer to the figure for the circuit diagram of the step-up regulator. This circuit is based on an
LM2577T-ADJ, 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 C1 and C2 provide supply
decoupling at the input, and C3 and resistor R1 provide frequency compensation. Inductor L1, diode
D1, and an internal switching transistor of IC1 form a standard step-up output stage, with output
smoothing provided by capacitor C4. Resistors R2 and R3 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 around 9.5 to 25 V.
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NE602 DC SUPPLY INTERFACE

1uF U2 V+
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This is one method of deriving the 4.5- to 8.0-Vdc supply needed by the NE602 chip.

STEP-DOWN REGULATOR
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12v ouT
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EVERYDAY PRACTICAL ELECTRONICS Fig. 82-3

There are several versions of the LM2575T. The device used here has an “ADJ” suffix, which in-
dicates that it has an adjustable output voltage. Pin 4 connects to the inverting input of the internal
error amplifier. This amplifier’s noninverting input is fed from a 1.2-V 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 VR1 in series with resistor
R1. The adjustment range provided by VR1 is from 1.2 V to a little over 16 V. Higher output voltages
can be accommodated by making R1 lower in value, but a circuit of this type 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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NEGATIVE SUPPLY GENERATOR
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EVERYDAY PRACTICAL ELECTRONICS Fig. 82-4

The TLC497CN is very useful for applications that do not involve high output currents. It pro-
vides a cost-effective means of providing a negative supply of up to about 150 mA. A circuit diagram
for an inverter based on this device is shown. The efficiency of the circuit is typically a little over 50
percent with an input potential of 10 V, but is significantly under 50 percent with an input supply of
5 V. Capacitors C1 and C2 are supply-decoupling components on the input supply. Resistor R1 is the
series resistance in the current-limiting circuit at the input to IC1. This is an essential safety feature
because the circuit will often be fed from a high-current supply that could almost instantly “fry” IC1
in the event of an overload on the device’s output. Capacitor C3 is the timing component in the os-
cillator section of the PWM. The TLC497CN uses a fixed pulse width and a variable clock frequency
to control the average output voltage.
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MINI POWER SOURCE
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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 type are current-limiting, short-circuit-proof, and over-
heat-proof, although they are still not indestructible. This circuit will 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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1.3-V SUPPLY

This is a simple 1.3-V regulator to power the
ZN414 IC.

INY]H G
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Y 70 20V NV

ELECTRONICS NOW Fig. 82-6

3-A LOW-DROPOUT REGULATOR WITH 50-p. A QUIESCENT CURRENT
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LINEAR TECHNOLOGY Fig. 82-7

The LT1529 is a 3-A, 0.6-V dropout regulator with 50-p.A no-load quiescent current and only 16
RA I _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 LT1529 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 input is at ground or reversed.
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2-V REFERENCE

+16V Zener diodes that operate below the 3- or 4-V

by level do not perform as well as higher-voltage zen-

*01 D2 ers, and are not normally used for low-voltage ref-
ev 8v erences. The 2-V reference uses two higher-voltage
o=t zeners, D1 and D2, to obtain a stable operating ref-
2v erence voltage. Any possible voltage changes from

R1 R2 temperature variations are almost completely can-

)AKA f‘ﬁ“ celed out with the two-zener circuit, making it a

o -;- i more accurate reference source than a circuit with

a single zener. Other low-reference-voltage sources

POPULAR ELECTRONICS Fig.82-8 .31 be created by substituting different-valued

zeners for D1 and D2.
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LINEAR TECHNOLOGY Fig. 82-9

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

INPUT C1 OuTPUT
1 l i

EVERYDAY PRACTICAL ELECTRONICS Fig. 82-10

This figure shows the circuit diagram for an inverter output stage.

INDUCTORLESS BIPOLAR SUPPLY GENERATOR

Output Voltage
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LOAD CURRENT (mA)

LINEAR TECHNOLOGY Fig. 82-11

Localized generation of bipolar supply rails is useful in many op-amp, data-conversion, and in-
terface applications. To avoid the design time and effort of putting together a switching regulator cir-
cuit, switched-capacitor conversion 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 +6 V at a load current of 15 mA. These boosted rails can be used to extend com-
mon-mode input and output ranges of circuits without 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 tantalum or ceramic capacitors.
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STEP-UP SWITCHING IC/INVERTER
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ELECTRONIC DESIGN 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 +1.31V, pin 2 becomes a low-
impedance path to ground. This will force Q1 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 V, 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 C1 negative while the oscillator is running. For the values shown in the figure, the ad-
Jjustable output voltage range is approximately —4 to —13 V. The 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

Ct QUTPUT
e | I

EVERYDAY PRACTICAL ELECTRONICS Fig. 82-13

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

CHARGE PUMP BOOST CONVERTER

> IN6B1/

BATTERY
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MAXIM Fig. 82-14

The circuit overcomes the charge pump’s lack of regulation by adding a regulator externally. An-
other option—if load 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 performance 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 include a
series pass transistor.
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GaAsFET BIAS SUPPLY
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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 —4.5 V), whereas the
LTC1261CS can invert or double the supply voltage (3 Vto —4 or —5 V). Both parts regulate the
generated output voltage. The quiescent current is just 600 wA, and the shutdown current is only
5 wA. 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 GaAsFET off during power-up, preventing unsatu-
rated operation and excessive operation.
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3.5-V 7-A LINEAR REGULATOR SUPPLY
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MINIMUM INPUT VOLTAGE TO ENSURE REGULATION iN THIS

CONFIGURATION IS 4.80V. WITH Vgoxr CONNECTED TO A SUPPLY AT

LEAST 1.3 ABOVE THE OUTPUT VOLTAGE. THE MINIMUM INPUT

VOLTAGE TO MAINTAIN REGULATION {S 4.30V

LINEAR TECHNOLOGY Fig. 82-16

The LT1580 linear regulator circuit shown 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
load-current steps to 65 mV p-p. The LT1580 has a separate remote sense input that maintains the
dc voltage at the load accurately, independent of the load current. Output-voltage variation over
the full load-current range, known as load regulation, with remote sense connected (R,=0 (1) is
very close to +0 percent. The LT1580 transient response to 3.8-A-load current steps is 88.7 mV p-p
(R,=0 Q). Resistor R3 is added to intentionally introduce some dc load regulation. The feedback
resistors are chosen to set the no-load output voltage slightly higher than 3.5 V. At 4-A load current,
the output voltage is regulated slightly below 3.5 V.
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DC-TO-DC CONVERTER FOR DIGITAL PANEL METERS

T p— ;
D1 v
o l
TN400T | ynaz42a
C.T (To
DPM MODULE)
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22 T*V
o . :
DC
SOURCE)
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

Dropout Voltage
16
. i 14
_;l__ +| c2 R $ni 12
= ; > 237k < 10
5 el
+ C1 2 o8 Pt
o 2uF [ Ty=125°C L
TANT Z 45 / ~ -
= 25°C
Vin S R2 J
6V TO-16V S 2,67k 04 1 7
Vour 0.2 V4
-5V AT 3A
0
0 1 2 3 4
*CURRENT LIMIT = 15k/Ryj = 3.5A LOAD CURRENT (&)
LINEAR TECHNOLOGY Fig. 82-18

Regulating negative voltages with minimal dropout is now possible with the LT1185 universal
voltage regulator. It supplies up to 3 A of output current with a dropout voltage guaranteed to be less
than 1.2 V. The five-lead TO-220 package includes a pin that allows accurate 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
2.3t0 30 V.
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LM317 CIRCUIT

RECTIFIED AC IN LM317 REQULATED DC OUT

Vin | INPUT OUTPUT Vout
ADJ Rt
-]
+ +|
100uF 0.1 uF 4 100uF
R2
5K POT

NUTS AND VOLTS Fig. 82-19

The figure shows 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 (2). The regulated output
voltage is given by the formula Vm= 1.256 (1+R,/R)).

FLASH MEMORY V., GENERATOR

MBRS120T3

Viy =5V

Vin
5V

1+
] |
g
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5

SHUTDOWN /* PROGRAM =

* 8-PiN PACKAGE ONLY 3
T L1= SUMIDA CD54-330LC (Igyy = 80mA)
COILTRONICS CTX33-1 (80mA)
MURATA-ERIE LOH4N330K (Igyr = 50mA) 0
181 LCS2414-330K {lgy = 50mA) 0 10 20 30 40 50 60 70 80 90 100
**C1= MATSUO 267M1602226 OR EQUIVALENT
QUTPUT CURRENT (mA)

LINEAR TECHNOLOGY 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 in* of PC
board space. The LT1109-12 is offered in an eight-lead SO package and requires only three other sur-
face-mount components to construct a complete 12-V V,, generator. At 12V, 60 mA of programming
current is produced, enough for simultaneous programming of two flash memories. The circuit draws
320 pA (max.) of standby current while shut down and provides a clean transition from 5 to 12 V at
its output with no overshoot.
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3.3-V 7-A SUPPLY
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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 shown 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 1mVp_p Noise

1
v _JSHON  SENSE 2
= .2

7
Vee CPour

+
47uF LTC1551-4.1 L 521 .
T wofy E
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FERRITE BEAD v v
a:,\ ouT =~
tigap = 5MA
= = e Coy7 —L C .
o 7 10uF I 0.1uF
0.1pf = -
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 load current. An internal linear postregulator reduces the out-
put-voltage ripple to less than 1 mV, making the LTC1550 and LTC1551CS8-4.1 excellent for use as
bias-voltage generators for transmitter GaAsFETs in portable RF and cellular 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 commonly used in RF systems.
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1-V 600-kHz SWITCHING SUPPLY
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LINEAR TECHNOLOGY Fig. 82-23
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The LT1307 chip will produce 5V at 40 mA or 3.3 V at 756 mA from a single AA-cell power source.
It operates at 600 kHz and uses 60-pA standby current, and it has a low-battery detector.

7-A 2.5-V SUPPLY

100uF TANT
AVXTPS

Ix?

10uF

T TANT

LINEAR TECHNOLOGY Fig. 82-24

The latest microprocessors use low-voltage processes that allow the clock frequencies to in-
crease dramatically. Increased clock frequencies result in higher core-supply currents. Several next-
generation microprocessors will use a 2.5-V supply voltage and require greater than 5-A supply
current. The LT1580-2.5 in the circuit shown has the lowest dropout of any 7-A linear regulator, only
0.6 V typical. This allows conversion from a standard 3.3-V main supply down to 2.5 V. In order to
achieve this low dropout performance, a second low-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-
quired from the control supply. The LT1580-2.5 also has fast transient response to load-current
steps, minimizing required bulk output capacitance. An internal reference voltage with +0.5 percent
initial tolerance and Kelvin sense input make the output regulation very tight.
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VOLTAGE REGULATOR SINKS AND SOURCES

{E }09
05
15V o R ( @ st oA v
+ 0
o N\ _A 4 ’\/\/\1" B m S
Vip
-15V
o
R
160 Ly
M
10k >
VR 06 .
= "3
~/ 30| oo,
6.2V ~]
COM T
C - - 0_‘
01=2N3055 Q2=2N2955 03, 05, 08, 010 =2N2907 (4, 06, 07, Q9=2N2222 D3, D4 =1N753 =
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 V) that can source or sink at any voltage. The basic regulator consists of an op
amp (Al), 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 (V ) for the op amp can be varied from —6 to +6 V. The output voltage is given by V
V. (1 + R, /Rz) Because R, = R,, the output can be varied from 0 to +12 V. When V, is positive and
the regulator is sourcing current ([ positive), the base of Q1 is at V + 0.7m and Ql is conducting.
When V is positive and £ is termmated in a supply voltage higher than V, the regulator is forced to
sink current (I, negative). At this time, Q2 conducts and sinks the current, and Al 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 556 mA. For a positive VO if [L is positive (sourcing) and reaches
500 mA, the voltage drop V,, 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 of the drop across
R3, it clamps the base voltage of Q1 to ground and the output voltage drops, limiting the current in
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VOLTAGE REGULATOR SINKS AND SOURCES (Cont.)

Q1 to 500 mA. Similarly, under a positive V, if I is negative (sinking) and reaches 500 mA, V,
across R4 approaches —0.7 V and forward-biases the E-B junction of Q5. @5 drives Q6 into satura-
tion, and the inverting input of the op amp is clamped to ground. Because the noninverting input is
held at V, (which is still positive), the output starts climbing toward +15 V. This prevents Q2 from
sinking more current than 500 mA. Under a negative V, with /| negative, Q7 and Q8 provide short-
circuit protection. With V_ negative and /, positive, Q9 and QlO prov1de short-circuit protection.

EFFICIENT REGULATED STEP-UP CONVERTER

1M 1M
dAAY 2A'A%
Lithium "‘l J-
battery l 01 —
DL123A L 1N5817
(Duracell) —— 0—9 |——4»
-__I: 3 150 puF 3
™ i 7 Low-battery output
N LB0O O (open drain
Ve 8 8 N " (op ) Vout
2 CAP+
I:— C+
+
150 uF 6 00
| 4 e Lv
1
1 FC ——NC SET
N Osk ouT GND  SHDN
'K DD
MAX660 Ic2
== MAX667
ELECTRONIC 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 V, = 3V, it offers 81-percent efficiency with a 100-mA
load and 84 percent with a 20-mA load. Eff1c1ency will increase as V, falls. For example, at V. = 2.7
V (the cell’s loaded output for most of its operating life), eff1c1ency 'for a 40-mA load current is 90
percent. Voltage from the lithium battery (a 2/3-A size Duracell DS123A) is doubled by the high-cur-
rent charge pump (IC1). The Schottky diode (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
linear regulator with a dropout voltage of only 40 mV at I, = 40 mA. This load, allowed to drain the
battery until V,,, = 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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LT1580 CIRCUIT
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Figure 2. Transient Response of Figure 1’s Circuit
with Adjust-Pin Bypass Capacitor. Load Step Is from
200mA to 4 Amps

Figure 3. Transient Response Without Adjust-Pin
Bypass Capacitor. Otherwise, Conditions Are the
Same as in Figure 2

LINEAR TECHNOLOGY Fig. 82-27
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LT1580 CIRCUIT (Cont.)

Figure 1 shows a circuit designed to deliver 2.5 V from a 3.3-V source with 5 V available for the
control voltage. Figure 2 shows the response to a load step of 200 mA to 4.0 A. The circuit is config-
ured with a 0.33-wF ADJUST-pin bypass capacitor. The performance without this capacitor is shown
in Fig. 3. The difference in performance is the reason for providing the ADJUST pin on the fixed-volt-
age devices. A substantial savings in expensive output decoupling capacitance can be realized by
adding a small ceramic capacitor at this pin.

ONE-CELL CONVERTER

N

Itthium-ion —

call —L 1ﬂk% 15 uH = PE-53000
- 44 ’LF A 5V
Il Wiy
i 1N9148*
41, 01 uF 1N5817 Imw
LI L . il
h = [ SW -
1| LM25§T50 |2
comp 8
GND
: 6L
0.47 4F —L_*For hetler efficiency, replace the
[ = 1N914 8 with a 1N5817 Schottky diode.
ELECTRONIC DESIGN Fig. 82-28

The regulator generates a 5-V output from a single lithium-ion cell. Initially, the lithium-ion cell
is at 4.2 V, which is greater than the 3.75-V undervoltage-lockout (UVL) limit of the LM2587 Simple
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-k(} resistor charges
up the 47-uF 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
drop. In the circuit, with a 5-V output, the IC input voltage is 4.5 V after startup. It stays at 4.5 V—
even when the input voltage drops to below 3.75 V. The input voltage can drop to 1.25 V when the
regulator is supplying 250 mA. At 2.4 V, the regulator is 84 percent efficient if the 1N914B 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 wA quiescent current, and just 16 wA shutdown current. As shown in the cir-
cuit and chart, the LT1529-5 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
smoothly, following the input. The quiescent current of the LT1529 increases only slightly in dropout,
unlike the situation with many other low-dropout PNP regulators.
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83
Power-Supply Circuits—High Voltage

The 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 Tube 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 with HV Pulse Ignition
Photomultiplier Tube Supply

Jacobs Ladder HV Supply

HV Power Supply

Neon Tube High-Voltage Power Supply

759



1-e8 ‘b4

H3N3Z
A002
Mt

20A0001 - (G)SOIS3LN

MmIis
wie

,—‘>§ﬂ
ﬁ ELA )
ANS'T
M
L% 3

Wi¢
ML
%00t

UHHZ,S

AD09
arro

a1ro

(v)
08S3LN

W03
LWd 80E1252 i
1n0, Nip
J0AS- 3 §06¢ 2
>OmH 9
"o /ﬁém
1| T
)
AOS
>SH /H e
L 4510
0 H’
+
20AS T sose [+
dWV3dd
() TOOPNI

Y244
LAY

‘ [§4-F2-1, )

ASE H
ELL o

ATH3LYVYNO SNOILYIINNWNOD

OMV OE ‘1059 - 3QISAH
OMV 92 ‘LD 40 3Q1S HOV3 LEZ-3AISAT :I3S
OMV 92 ‘1D 40 3AIS HOV3I LG2 ‘ldd

SLE-(L-V3

3H402-3 NOQIWY =1L (2)

SANIS LV3H 3¥IND3Y
80E12S2 3IHL GNV S, TISI¥W "S06¢ 5,508, 1TV (1)

H AOOL

41100

ASE
a7ocy

o

Mmz/1

&

[ISJYN

a3
NH9

._
1w gy

Me/t
L1

AOOL
i

[OO¥ NI

_ AOS
d o 1 =< 471000
Mo/t
o LA -
mz/1t 5 * :
T 9
3 = “"25.2
(v)2222N2 M/t veve Y aala
LY 9 [
Y[ (| Mv/tg 8 v
H IR 21 H
M/t
AGE “v;.cxﬂ xm,w."uvmow
h_io_..ld.ﬁ LA 4 l\.—ﬂ
me/tg J0ASY,
e 0S n_t
.._.\m,:..Hn
& S08¢ |—
Nip 100,

g

odAzt

ve
@ N\ S0+

A1ddns 39n1 H3NdIiLTNINOLOHd H3AIF03YH H3SV

760



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 is included. Again, follow the caution regarding PMT power supplies. All precautions must
be observed when working with the PMT high-voltage supply.

HIGH-VOLTAGE POWER SUPPLY
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0 018 D7
1N4007 y 1N4Q07 Yy
D1 D6 y
1N4007 1Na007 &
D4 ! D8
1N4007 1N4007
D2 D5 ]F
1NgoO7 & .. 1N4007 car
018 .018
[
- +
N > e
2kV OUTPUT
*SEE TEXT

POPULAR ELECTRONICS

Fig. 83-2

This circuit uses a transformer to generate a high-voltage output (up to 20,000 V) 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 B/W TV.
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GEIGER COUNTER 700-V LOW-CURRENT SUPPLY

SIGNAL
TRANSFORMER CO.

CAPACITORS 0.01uF 2KV
DIODES 2.5A 1KV

+0

700V
ouT

b

"
AAA—AAA,—AAA
YV YVYVv—W¥Vy

z

z

]

4
e

ELECTRONICS NOW Fig. 83-4

This 700-V, 0.25-mA 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 700-V LOW-CURRENT SUPPLY

CAPACITORS 0.01uF 2KV
DIODES 2.5A 1KV

ELECTRONICS NOW Fig. 83-5

If you 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 voltages: a voltage in the range of 10 kV that starts the laser
and then turns off once the discharge begins, and a lower-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 circuit allows the main supply to stabilize at full voltage and charge up the ca-
pacitor. A nonlatching 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 laser tube to ionize the gas in the laser. Once the laser is ignited by the HV pulse, the
main power supply maintains the discharge.

PHOTOMULTIPLIER TUBE SUPPLY

9vDC

T1: 10k:2k audio

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 conserve power—the higher the better. If the high-voltage circuit uses-a diode voltage-multiplier
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 an 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 reactance of the transformer leakage inductance. The
output of IC1 on output pin 3 appears at the bases of the current “source,” NPN transistor Q1, 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. Transformer 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-Q
resistors (R7 and R9) to slow their switching times. This eliminates possible parasitic oscillations
that could occur if the MOSFETSs 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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NEON TUBE HIGH-VOLTAGE POWER SUPPLY

T2

+12V

8

é"% 500 VAC
15 kHz
220
p———O

1 10

e
9 % .8

(S

1/6 CD4584
R1 =
1.5K f_
M VWA
o
2, " 10K -1(
1/6CD4584 E
POPULAR ELECTRONICS Fig. 83-10

Power for the circuit is supplied by a step-down transformer (T2) and a full-wave bridge recti-
fier (BR1), which convert 117-Vac to 12-Vdc. Capacitor C3 acts as a filter. The heart of the circuit is
a Schmitt-trigger hex inverter, Ul. 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 Ul
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-Supply Circuits—
Multiple Output

The 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.

Dual Supply

Split 12-V Power Supply
Dual-Output Voltage Regulator
+15-V 100-mA Dual Power Supply
Bench Power Supply

Dual-Polarity Low-Current Power Supply
Power Supply for +12 Vand =56V
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
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DUAL SUPPLY

INPUT OUTPUT
N R e A
Q oy Q

= + GND &

R1 ::
10K ¢
D1 L
25A A
50PRV
R2 $
10K <

POPULAR ELECTRONICS Fig. 84-1

The key idea is that in a dual-supply powered circuit, “ground” is midway between the positive
and 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 half. Op amp Ul reproduces that voltage at
the “ground” output terminal by making either 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 supply. If
your power supply has no fuse, place D1 in series with the circuit. That will afford the same protec-
tion with only slightly reduced regulation and voltage output.

SPLIT 12-V POWER SUPPLY

It 9 / 78/2 #/2Y
V#0002
# 2 o

&25.2\/07 T’Z;w T i
F +-L1/700 l N

A~ / o.
7.2 =132 2 3 I s
¢ ® 79/2 | 14

">

~

)|

ELECTRONICS NOW Fig. 84-2

Two IC regulators and a bridge circuit supply +12 V.
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DUAL-OUTPUT VOLTAGE REGULATOR

e Vee
FROM pP i
_E—_L Ol sHoN |8
C1=047uF
T 2fen N |
a1 <
LTC1263 = — C3-10yF =
_r___3 co- Vour |8 Vour = 12V/60mA
C2=047uF T C4=10uF
_I_—l C2+ Vcc 5 I

J Vee
Si9410DY J Cin
L 100uF
20V
L 8 = D1 x2
— TORIVE BDRIVE ” l:}sls«noov MBRS140T3
PWR Viy PGND
3 14 = ¥
PINV LBour =
4 13
.J. : BINH 17c1266-33 LBin =
- VlN SGND 8 2
6 11 L
CT - Cr SHDN " L+ =
= C 8 9
3500pF SENSE- SENSE+ 220u¢
2
Re 1000pF 2SRy x
%4700 11 Sl
L B
- & Vour = 3.3V/5A
*COILTRONICS CTX0212801
LINEAR TECHNOLOGY Fig. 84-3

The LTC1266-3.3 and the LTC1263 are perfect complements for one another. The combination
of the two parts 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 LTC1263, using only four external components (two 0.47-uF charge capacitors,
one 10-pF bypass capacitor, and one 10-wF output capacitor), generates the regulated 12-V/60-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 Vc o and then stacked in series, with the bottom plate
of the bottom capacitor shorted to VCC and the top plate of the top capacitor connected to the out-
put capacitor. As a result, the output capacitor is slowly charged up from 5 to 12 V. The 12-V output
is regulated by a gated oscillator scheme that turns the charge pump on when V 1s below 12 V and
turns it off when it exceeds 12 V. The LTC1266-3.3 then uses the 5-V input, along Wlth the 12-V out-
put from the LTC1263 and various external components, including bypass capacitors, sense resis-
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DUAL-OUTPUT VOLTAGE REGULATOR (Cont.)

tors, and Schottky diodes, to switch two external N-channel MOSFETSs and a 5-pH inductor to charge
and regulate the 3.3-V/5-A output. The charging scheme for this part, however, is very different from
that of the LTC1263. The LTC1266-3.3 first charges the output capacitor by turning on the top N-
channel MOSFET, allowing current to flow from the 5-V input supply through the inductor. The
amount of current flow in the inductor is monitored with a sense resistor, and the 3.3-V output is reg-
ulated by turning on and off the top and bottom N-channel MOSFETs to charge and discharge the

output capacitor.

+15-V 100-mA DUAL POWER SUPPLY

120 VAC
o o
1
120
VAC
s
4
120 VAC l

ELECTRONICS NOW

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

<

15 VAC
0.2A

15 VAC
0.2A

+15V -15V
78115 7 i 7
= LED2
5R52K (DC ON)
‘V‘VAV @
oG N
IC1 OtxO—
78L15 \ \
| S ¥ 1
L~ +
G l
%
BR1 - €1 C3
T 470uF T o1 4
9 g A
g < 56K
Ic2
78L15 @D LED1
~ + ¥/ | (ACON)
+ C G /
L C2 - C4
e T 470uF ™o1

Fig. 84-4
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BENCH POWER SUPPLY (Cont.)

The ac voltage from transformer T1 is rectified by bridges BR1, BR2, and BR3 and filtered by
capacitors C1, C2, C5, C6, and C9. Voltage regulators IC1 to IC5 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, IC5, supplies 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 1C2, respec-
tively, provide the necessary feedback to obtain the variable output voltages. An LED and current-
limiting resistor are wired across each output to indicate when each output voltage is present. The
main power indicator for the entire unit consists of LED5 and R18. Switch S1 controls ac power to
the transformer primary, and switches S2 and S3 connect the secondary voltages to the 5- and
12-V regulator circuits. The +5-V supply powers the voltage meter and display circuitry, so this sec-
tion must be turned on to power the output meter. Switch S4 is a two-pole, 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 S4 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 LM741 current-
to-voltage converter IC7 for current readings. The second pole of S5 is connected to the +5-V sup-
ply. This pole is 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

The 555 is operating in a free-running oscilla-
tor at about 120 kHz, 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 C3
make up the rectifier for the negative supply.

D3 1N914
1No1a ¥

POPULAR ELECTRONICS Fig. 84-6
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HANDY HOBBY POWER SUPPLY

o Ic1

52

U 7805 5 VOLTS

1 FIXED

o = BR1 i o N outPe
7-20 VAC R ¢ "
B >
#-80N00 GND 300 ¥ )
2
4
ct c2 3 o LED1 GD e
'wooouF T 1 AN -]
0—1—' IN ouT \ &
GND 3 R .
ic2 |2 <€ 250Q T
7805
] J3
b
o ,-IE oo ir‘l C5 -] VARIABLE
: A
ELECTRONICS NOW Fig. 84-8

The input voltage to the power supply at mini phono jack J1 must be from 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.
An ac input at J1 is rectified by bridge rectifier BR1; a dc input passes through half of the rectifier
unmodified, except that its value drops by the sum of two diode voltage drops. Two MC7805 5-V reg-
ulators are in the circuit: IC1 provides a fixed 5-Vdc output at J2, while 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 power supply.
The output of the fixed regulator is made variable by varying 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 power 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 drawn from the supply. Power indicator LED1 is connected
across the fixed 5-V output; it lights whenever the supply is powered.
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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 required to furnish excellent regula-
tion at extremely high efficiency, but also carry a small price tag. This LT'C1149 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 switches and an inductor. The key to circuit operation is the extra winding on the in-
ductor and its corresponding synchronous rectifier, QN2. These provide the 5-V output by using
transformer action. Cross regulation 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 will be disabled.

SWITCHABLE LINEAR VOLTAGE REGULATOR

+15V Qi OUTPUT
c
1000
Ls D1
3 o
02 6V
av
L1 St
D3 =
Y ¥
12V
POPULAR ELECTRONICS Fig. 84-10

This three-voltage regulated supply can be added to for more voltage ranges.
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FIVE-OUTPUT CONVERTER

[ )
R D1
+
=~ b
1.86Vdec O
o oL 1™~
I 283906
= ]
Vin 7
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3 u
o ] On O— SHON

LT1303
B 4—0 0z f

F
GND PGND
1 B =
2k +
l l " " rm 59

10.7 uH Digital
01-07 = MBROS20L Coiltronics panel
C1-C7 =10 wF, 25-V tantalum or ceramic VP10190 meters
ELECTRONIC DESIGN Fig. 84-12

Digital panel meters (DPMs) make excellent displays for instruments and test equipment, but
they suffer from one major flaw: They require a floating power 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 five out-
puts is fully floating, isolated, and independent in every respect. The converter is based on a flyback
design, and it uses a micropower, high-efficiency regulator (LT1303) and an off-the-shelf, surface-
mount inductor. The coil has six identical windings and is high-voltage-tested to 500 V rms—more
than adequate isolation for the application. Operation is as follows: Feedback is extracted from the
primary by Q1, which samples the flyback pedestal during the switch-off time. Typical DPMs draw
approximately 1-mA supply current. The primary also is loaded with 1 mA for optimum regulation
and ripple. Snubbing components, a necessity in most flyback circuits, are obviated by the action of
C1 and C2. The converter also can be used with a battery. In this case, a sixth panel meter can be
powered by the primary across C2. All that is required to balance the load current is to increase R,
and R, by a factor of 10. Although this circuit 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-k{ resistor should be used in place of R1 for these voltages.
The output voltage is set by R1=(Vom—0.7)/ 1 mA. If any outputs aren’t needed, omit the associated
components and parallel the unused winding with the primary, observing the phasing. With each out-
put loaded at 1 mA, the input current is 16.5 mA on a 5-V supply. This figure rises to about 45 mA on
a 1.8-V (two-cell) input.
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85

Power-Supply Circuits—
Transformer-Coupled

The 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.

Basic Forward-Converter Circuit
Feedback Control for MAX253
Basic Push-Pull Converter Circuit
5-V Supply

Basic Half-Bridge Converter Circuit
V.. Booster

Basic Full-Bridge Converter Circuit
Step-Up/Step-Down Regulator

2- to 6-V CCFL Power Supply

LCD Contrast Supply

LCD Auxiliary Bias Circuit

5- and 3.3-V Supply

Switching Regulator with Transformer-Isolated Feedback
Basic Flyback Converter Circuit
Snubber Network Energy Saver
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BASIC FORWARD-CONVERTER CIRCUIT

+ S

o N—T—J 110 R S—

A D2 Lt

# D3 cizR SR
VUNREG
——— &
Ve

' ¢

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 R, and delivering energy to the load through inductor L1. The third
winding and diode D1 return transformer T1's magnetic energy to the dc input when Q1 is off.
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FEEDBACK CONTROL FOR MAX253

Vout
< —0
R6
47
RS
47K
12
47 pH
’
Vee SO D1 I I 5 ——
MAX253 6| TMnF 0uF |
FS 61 62 02 WL
| -
ELECTRONIC DESIGN Fig. 85-2

The MAX253 and associated 76253 transformers were designed to allow easy implementation of
simple de-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 loads. When transformer isolators de-
signed for 1-W power levels 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, —2 51 V). Using two 4.7-k() 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 MAX253, via the ZTX451
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

D1 e

— ] +
Ip1
"
o i "-l SR
(J
VUNREG
Ip2
D2
ELECTRONICS NOW Fig. 85-3

The push-pull converter consists of two forward converters working 180° out of phase. Both
halves of the push-pull converter deliver current to the load at each half cycle, and the inductor
stores energy. Diodes D1 and D2 conduct simultaneously between transistor conduction, effectively
short-circuiting the secondary isolation transformers. Acting as flywheel diodes, these diodes 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 V_ plus a diode drop
across each winding. With the reference connection properly chosen, as shown, the second (right-
hand) winding can generate an additional supply voltage (=5 V, in this case). V_ (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 if the system de-
mands more load current 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 V— value (nominally —5 V) 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 V— change of less than
300 mV—Iless than that expected from a charge pump. When unloaded, V— increases because of
rectification of the ringing that occurs when D2 turns on.

BASIC HALF-BRIDGE CONVERTER CIRCUIT

& &

V\+

PWM[_ 2 l
D1 D3
Ds e,
T L |
(d
VUNREG " De G2 e L
@
[ @ s 4
)
Q2 oy
D2 D4 PWM
3
(_;7 v A 4
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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V,,r BOOSTER (Cont.)

Step-up dc-to-dc converters that operate from small input voltages often possess correspond-
ingly low maximum breakdown voltages of 5 to 6 V. This limits the maximum output voltage available
from such devices. However, by adding an autotransformer, the output voltage (V) can be doubled
without exceeding the IC’s breakdown voltage. A properly wound center-tapped inductor acts like a
transformer with a 1:1 turns ratio. Combined with an IC that typically boosts single-cell inputs as high
as 6V, it produces a regulated 9-V output with no more than 4.5 V across the IC (Fig. 1). The circuit
can be applied in smoke alarms as well as in other battery-operated equipment. It delivers an output
of 30 mA at 9 V from a 1.1-V input, and as much as 90 mA at 9 V from a 1.5-V input. A similar circuit
setup for two-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

(Fig. 2).

BASIC FULL-BRIDGE CONVERTER CIRCUIT

iy PAM
D1 D3 <E—o Ll
D5 ===
Qi g a3 o
T
* 4 c2 RS
ci
VUNREG L || -
®
[
D6
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 applications as powering mainframe computers
and supercomputers.
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STEP-UP/STEP-DOWN REGULATOR

20-30V
Yin o 23
Ry 01 Yout
10k Ly N
5V@250mA
MAXTT3 2 ilroni 1N5401
[P A Vs
oweTall" o
0.1 u.F_ 9 SGND cS TN25A 5.4
- REF SHON LBI FB GND G4 T
§[7 560 100 uF
G3_—
0.1 uF LB
SR
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 circuit handles inputs to 30 V, but is easily modifi-
able for high specific voltages. 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 cycle well below 50 percent. An ideal 1:1 transformer would generate V. TV
at the bottom of the primary, but real transformers produce somewhat higher voltages. That Voltage
appears across Q1, so Q1’s minimum breakdown voltage should be approximately 2Vm+V0m. R2
limits the peak current (through @1 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 with 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

1
_1ebun 2

® - 3K
Vip _ 3 |2 —
2106V 1 0,058
wF
NC WIMA CCFL
I MKP20
Vin SEL 74
NC —{SENSE  SW n i
- LT1300 -
01pF — SHON lim 104F
GND PGND
Shutdown
L1 = Coilcraft D03316-473 — Va; 0105V de in, Intensity adjustment::
T1 = Coiltronics CTX110654-1 100-uA to 2-mA bulb current
ELECTRONIC DESIGN Fig. 85-9

The power supply shown 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 with a current-
driven Royer-class converter, consisting of T1, Q1, and Q2. When power is applied along with
intensity-adjust voltage Va, the LT1301’s I pinis driven slightly positive, causing maximum switch-
ing current through the IC’s internal switch pin (SW). L1 conducts current that flows from trans-
former T1’s center tap, through the transistors, into L1. 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-wF 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-wF capacitor combines with L1’s char-
acteristics to produce sine-wave voltage drive at the Q1 and Q2 collectors. T1 provides voltage step-
up and about 1400 V p-p appears at the transformer’s secondary.
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LCD CONTRAST SUPPLY

CONTRAST
VoUT -4V T0 -29V 12mA
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LINEAR TECHNOLOGY Fig. 85-10

The LT1301 circuit shown generates a negative contrast voltage that may be varied from —4 to
—29 V based on a PWM control signal generated by the system microprocessor. The LT1301 is a mi-
cropower switching regulator that needs only 120 wA 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. Transformer 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 7, 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

T
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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 V),
the T1 primary “sees” 3.3 V—0.8 V=25V, so the 6:1 turns ratio produces 6(2.5)=15 V in the sec-
ondary. At maximum battery voltage (1.65 V), 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 V , (normally 3.3 V) and the LCD bias output (normally =8 V). k,
and R, are chosen so that LBO turns off when the LCD bias becomes too negative (and pulls the LBI
voltage below 1.25 V). Load current then causes the LCD bias to drift upward (toward 0 V) until
LBI exceeds 1.25 V, which causes Q1 to turn on again. A logic signal at the “LCD ON” terminal pro-
vides a means to enable and disable the negative output.
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5- 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 V, . A four-cell NiCd or NiMH battery, for exam-
ple, presents a problem because its terminal voltage can be above or below 5 V, depending on the
state of its charge. This problem can be solved by designing in a flyback transformer, which allows V_
to range from 4 to 7 V. To ensure a proper gate drive to the external switching MOSFET (Q1), LX5
should be connected to ground and BST5 to the internal 5-V supply (VL) as shown. When Q1 turns
on, the T1 primary current increases and stores energy in the T1 core. When Q1 turns off, the syn-
chronous-rectifier MOSFET Q2 turns on and enables current flow to the 5-V output. For flyback cir-
cuits, I flows only when the rectifier conducts. Yet, IC1 is a current-mode buck regulator for which
I must be sensed while Q1 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 @2 remains on while Q1 is off, a simple
charge pump (C4 and D5) and voltage divider (R3 and R4) provide a slight offset to the current-
sense signal. Thus, Q2 remains on because the IC does not detect zero output current. V_ is regu-
lated to 5V, £5 percent, and the maximum /_ is 1 A over the entire V. range.
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SWITCHING REGULATOR WITH TRANSFORMER-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 V L, connects
directly to the top of C1 and R1, you can insert the isolated-feedback circuit (bottom of the figure)
between V_ and C,/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 V). 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 provides an isolation of 500 V rms (transformers with 15600 V rms also can be obtained).

BASIC FLYBACK CONVERTER CIRCUIT

1 : Py
PRI "ET'SEC ct Lli:ﬂ'-

VUNREG
nn ar -
PWM T
\:] VTE
3 '
ELECTRONICS NOW Fig. 85-14

The figure shows a flyback converter, a variation on the boost regulator with a single switching
transistor @1 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 primary winding 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 C1 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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SNUBBER NETWORK ENERGY SAVER

D1 1NS819 o | o Veglthl
+12.5V@ 300 mA
Vin 0—q
+10to+20 Vde
Vout (main)
+HV@325mA
D4
1N4748
U1 5
LM25T7-ADJ Vout (i)
+21V@2mA
Ry
+ 680

6.19k, 1%
= T1: N = 49:30:12; Core Magnetics 77050-A7

ELECTRONIC DESIGN Fig. 85-15

A flyback regulator offers the advantage of providing multiple 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 National Semiconductor
LM2577-ADJ “simple switcher” controller IC, with 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 reservoir capacitor (C4)
via 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 is depleted from the capacitor to allow the next voltage spike
to almost fully dump its energy in the next cycle. In a sense, this is a modified snubber network in
which the energy is being put to good use, instead of being wasted as heat on a resistor.
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86

Power-Supply Circuits—
Variable Output

The 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.

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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VARIABLE-VOLTAGE SOURCE

AAA
v
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POPULAR ELECTRONICS Fig. 86-1

This variable-voltage source can provide between 0.6 and 20 V, depending on the setting of R1.

EXPERIMENTER’S POWER SUPPLY

BR1

c3
01
OUTPUT
&
2200 o
VARIABLE
‘D
O o TR
—0 o 1.5K
RS & R8 €
(7o 2 47603
R6 R7 Re ::
1540 2560 72509
POPULAR ELECTRONICS Fig. 86-2

The power-supply circuit has an output that can be varied linearly by potentiometer R2 or
switched to specific levels by rotary switch S3.
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DC POWER SUPPLY

117
VAC

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-V transformer with 1- to 5-A capacity. C1 should be a minimum of
1000 wF per ampere of dec. C2 should be at least 100 pF (or larger). C2 helps maintain good transient
response for transients that are too fast for the regulator, and 220 to 470 pF is recommended. BR1 is
a 50-V bridge rectifier. Ul 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 V via R2. = 1.26 (R,/ R, + 1) volts.

SIMPLE ADJUSTABLE DC SUPPLY

Up to 40V
N VIN c1 VouT | +1.210 +25¥
# LM317L T —7
ADJ R1
240 -
-t C1 ¢ U'—' 2K
la
T 0.1pF Cc2 B
10-
VR1 22uF| LED1
5K \\QQ
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-A 12- TO 16-VDC REGULATED POWER SUPPLY (Cont.)

This supply uses an L123 regulator IC and a pair of 2N3055 power transistors as series-pass reg-
ulators. VR1 is the current limit, and VR2 is the voltage 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

The 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.

Active High-Z Probe
Infrared Logic Probe
Seven-Segment Logic Probe
Logic Probe

Logic Probe Circuit
Mini High-Voltage Probe
Scope Probe Circuits
Frequency Probe

Logic Probe

Wireless Dc Probe
High-Voltage Probe
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R1

ACTIVE HIGH-Z PROBE

1/4 TLC2254

&= +8Y

GND =
v R11
T 10K
AAA AAA
AAAZ AAAL
R7
ook | o |
25K
m < ‘P
100 ZERO
AAA
yYvwv
: i
POWER RO &
T 100k $
+3 "
l----'
-5
12v

POPULAR ELECTRONICS

Fig. 87-1

This probe has a 100-m{) input impedance and uses a TI TLC2254 quad op amp operating from
a 12-V battery. It can be used with a DVM or an analog multimeter for measurements in the high-im-
pedance circuits. BP1 is a Teflon standoff to ensure low leakage at the terminal.
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INFRARED LOGIC PROBE
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12 CD4538BE +T 12 CD4538BE
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 sensitivity 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 IC2-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-frequency waveform with a very high duty cycle. This provides pulses for
LED2 that are constant in frequency 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 output pulses with the same width as before at the input frequency. Tricolor LED2 (a dual
red/green device) functions as a pilot lamp and indicator for pulsed infrared sources. LED2 will always
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INFRARED LOGIC PROBE (Cont.)

glow red and pulse amber (red+green) when infrared pulses are detected. The power source for the
circuit is a 9-V battery. Alkaline batteries will provide many hours of operation because the circuit
has low-power integrated circuits in place of S2 for most emitters. For certain devices, such as slot-
ted optical switches, CD laser diodes, and reflective sensors, more sensitivity might be desirable. If
you plan to use the probe for LEDs that operate below 0.5 mW, install S2 and R13—if not, you can in-
stall a wire jumper on the board instead of the switch.

SEVEN-SEGMENT LOGIC PROBE

+sv
1KQ
t5v
a— 2N2222
7EST | 1000 470
PROBE
F i c
= —Jfs
D
00
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 H for HI or +5 V and L for LO or 0 V. The 2N2222 NPN transistor serves
as a driver for turning on the appropriate segments of the display, thereby producing the letter H.
This condition will 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 L will be displayed, indicating that the transistor driver
is turned off.
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LOGIC PROBE (Cont.)

buzzer will sound at the frequency of the pulses. The CMOS/TTL switch selects the voltage from the
circuit under test or the voltage from the 78L05 regulator. Note that when this switch is in the TTL
position, it can work only with 5-Vde, but when the switch is in the CMOS position, it can work with
from 7.5 to 35 Vdc.

LOGIC PROBE CIRCUIT

+5V
AAA
R1
22002
AN LED1
+ 1 IC1-a IC1-b GREEN (LO) )
1/6 7404 1/6 7404
W\ LED2
@ RED (HI)

ek kbt A i 1
{ TO PINS 2/3 ;

i
I
| — | — |
| il ]b t] | |
| 1 g1 1 {
: el lc | ‘ |
| | [ 1 !
| d :
| ‘

|
: L e oToPN4 i

i
[ HIGH LOW !
L e i e o . i SR e S A i -

OPTIONAL DISPLAY
ELECTRONIC EXPERIMENTERS HANDBOOK Fig. 87-5

In this logic probe circuit, the red LED indicates logic high and the green indicates logic low. The
optional use of an LED seven-segment readout is also shown.
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MINI HIGH-VOLTAGE PROBE

R2 3 COAXIAL CABLE -
30 MEG \ 10 MEG
PROBE [ 1% 3 I v
TIP R3 s e----- ! | | IN

80 MEQ 100KS | 1

1% 1 R4 | | DVM
EE 11.0K : |

= 1% £ 5 Toommon
cup Lo
1
3 HOOK-UP WIRE #22
ELECTRONICS NOW Fig. 87-6

The schematic diagram of the probe reveals its simple circuit. It is a standard voltage divider
made up of resistors with a 1-percent tolerance. Resistors R1 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 10-M(Q resistance of the DVM, thus providing 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 MQ, you can adjust the R3/R4 series combination, as
needed.
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SCOPE PROBE CIRCUITS

COMPENSATION

prOBE | OME® | _ _ _______ €
P —r=c——==
GROUND I I

cup

[osciLLo-
PROBE 9MEG | SCOPE
TP —T-—————
GROUND |
cup
COMPENSATION =
ELECTRONICS NOW Fig. 87-7
Assuming a 1-M{ scope input impedance and input capacitance C,, C o cation = (B rope/ 1 MQ)

C orC . /C =R /R

probe probe input — input probe’
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FREQUENCY PROBE
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POPULAR ELECTRONICS
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FREQUENCY PROBE (Cont.)

This design is a simplified 3%-digit frequency counter with four ranges: 2000 Hz, 20.00 kHz, 200.0
kHz, and 2.000 MHz. An effort was made to miniaturize the circuit so that it would fit in a standard
logic-probe-type case; the complete circuit was assembled on a perforated board cut down to 1x4%,
inches. The normal crystal time base with all its dividers was eliminated in favor of one eight-pin DIP:
IC1, a TLC555 CMOS oscillator. It provides gate timings of 1000 ms, 100 ms, 10 ms, and 1 ms using R1,
R2, C1, and C2 as the crucial timing components. Select C1 to be exactly 1/10 the value of C,. Cali-
bration is done with trimmer potentiometer R5. Integrated circuit IC2 (an LM311) provides input con-
ditioning for any waveform of 0.9 to 30 V, whether triangle, sine, or square wave. Integrated circuit
IC4 (a CD4011 or 74C00) provides proper pulse delays to 1C3, a 74C928 37-digit counter chip that di-
rectly drives a miniature 3%- or 4-digit, common-cathode LED display. The digit drivers shown, Q2 to
Q5 and R20 to R23, can be replaced with a single DIP package (such as a 7549, 75492, etc.). A 78 reg-
ulator, IC5, provides the +5 V for the circuit, and is mounted on the board with the other components.
It can be driven externally via a standard ac wall adapter of 7 to 12 V at 30 mA, or from a 9-V battery.
Be sure to bypass the supply pins on each IC with a 0.1-wF monolithic capacitor for noise-free perfor-
mance. When accuracy is important, a crystal-controlled time base should be used.

LOGIC PROBE
g o
soa 3 Ic1 \iﬁm
+
--
C9013G c1 Lt ' Bt
47 : gV
_I_L O——AAN—® VvV
R2 R3 & R4
PULSE IN 10K 3300 $ 20
O—
POPULAR ELECTRONICS Fig. 87-9

The circuit uses a 4N35 optocoupler (IC1) and a C9013G transistor (Q1). A positive pulse at the
base of Q1 turns on the transistor. The 10,000- resistor (R2) limits the incoming pulse so as not to
feed too much current to the base of Q1, preventing the transistor from being damaged. With the
base of Q1 at a positive potential, electron current flows from the emitter to the collector junction.
The incoming pulse also pulls pin 6 high, lighting up LED1 by allowing current to flow between pins
4 and 5. The 330-Q resistor (R3) provides current limiting for pin 6, although R4 is the current lim-
iter for pin 4. While testing a digital circuit, 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 small enclosure if its
connections are made as short as possible.
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WIRELESS DC PROBE
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POPULAR ELECTRONICS Fig. 87-10

This probe for low voltages only (<100 V) 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 provided by two 1.5-V N-
type cells, Bl and B2, which are wired in series. For the circuit to work, it must be completed or
closed. That is accomplished when the passive probe is held in one hand and the active probe is held
in the other and the points of the two probes are placed across two points in a circuit under test. The
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WIRELESS DC PROBE (Cont.)

resistor labeled R, . is simply the resistance of the user’s body. For E,_ i to be “swamped out,” or
kept from interfering with the reading, extremely high input-circuit impedances are used in the cir-
cuit. All of the 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 Q. Therefore, an input impedance of 50 MQ, 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 symmetrical difference amplifier (IC1) at the input; the in-
herent common-mode rejection takes care of most the ac-related problems. The amplifier used for
IC1 is a TLC271 CMOS op amp. Switch S1 is used to select polarity. Note that 50 M(} of resistance are
present at both of IC1’s differential inputs (R3 at one input and the combined series resistance of R1
and R2 at the other). The user is placed in series with the 100-M{2 loop containing a 10-M() resistor
(R1) as the protective device in the passive-probe section. Capacitors C1 to C4 provide additional fil-
tering of residual ac noise and allow IC2, an LM3914 bar-graph display driver, to step up sequentially.
Switch S2 selects between two selectable input ranges: X1, where each step equals 1V, 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. LED1, the 0-V indicator, is also the power-on indicator.

HIGH-VOLTAGE PROBE

are - SHIELDED
S50MEG  50MEG GABLE
PROBE 1% 1%

TiP
R3

100K $

1% 9

R4

10K 3

GROUND 1% 9
cup *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-impedance (100-M()) probe for high-impedance circuit testing. The probe was de-
signed to plug into a standard 10-M(Q} input DMM. If your DMM has a different input, you can change
R3 and R4 to suit it. The ratio of R, + R, + R, + R, should be exactly 1000 to 1; thus, a 10.00-V in-
put will read 10.00 mV on your DMM. Keep in mind that the impedance of your DMM is in parallel
with R./R, when you calculate new values.
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88

Protection Circuits

The 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.

Diode Relay Driver Protection

Delayed Action Mobile Radio-Protection Circuit
Over/Undervoltage Protector

Electrostatic Protector

Simple Crowbar Circuit

Short-Circuit Shutdown 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-Transistor Protection Circuit
Modem-Protection Circuit

Undervoltage Disconnect Switch

Electronic Circuit Breaker

Amplifier Protector

Short Protection and Shutdown Circuit

Failure Monitor

Simple Mobile Radio Protector
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DIODE RELAY DRIVER PROTECTION

#V
b
irs

U
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ELECTRONICS NOW Fig. 88-1

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

DELAYED ACTION MOBILE RADIO-PROTECTION CIRCUIT

12V

|

Ti2volr | To

Relay - Radio
§ RlI D2

12k 6.2V

Sensitive-gate
SCR

NUTS AND VOLTS Fig. 88-2

This circuit uses an SCR and an RC circuit to delay application of power to a mobile radio or other
equipment. This is to provide protection from starting motor- and alternator-induced transients.

817



OVER/UNDERVOLTAGE PROTECTOR
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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 input voltage goes below 95 V or above 130 V. The over/under-
voltage detector (IC1) monitors the filtered, unregulated dc voltage developed across C5, which
changes with the input line voltage. The input voltage levels to IC1 are set by resistors R2 through
R8. 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. Trimmer potentiometer R4 provides a small adjustment range so
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OVER/UNDERVOLTAGE 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 1C3-a,
which, in turn, turns off Q1. When IC1 detects an overvoltage at pin 6, the output at pin 7 goes high.
Monostable multivibrator IC2 provides a %-s delay to keep RY1 turned off long enough for the volt-
age across Cb to return to normal. When pin 7 of IC1 goes high, it triggers IC2, and the high output
at pin 6 of IC2 causes the output of NOR gate IC3-a to go low, which turns Q1 off and deenergizes
RY1. Switch S2 lets you quickly check the circuit’s operation at any time. Pushing S2 raises the volt-
age at the junction of R2 and R5 and turns RY1 off. RESET switch S1 restores normal operation.
Switch S1 turns the circuit on initially. An LM7805 voltage regulator (IC4) provides a constant 5-V
supply for the integrated circuits and the relay control current.

ELECTROSTATIC PROTECTOR

gale
o ©
RG
: .

14V < Rdiodes nepl
n* substrate
CB drain

(2 °s (0

ELECTRONIC DESIGN Fig. 88-4

A simple way to protect the gate of a power 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 of the
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 breakdown 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 with the diodes, the resistor (2,) 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 ESD transient is dissipated by the diodes. A machine model here is de-
fined as a 200-pF capacitor with no series resistance.
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SIMPLE CROWBAR CIRCUIT

+

NUTS AND VOLTS Fig. 88-5

This circuit uses a zener diode and an SCR. When 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 supply line; it is de-
signed to blow when the SCR fires, protecting and shutting down the supply.

SHORT-CIRCUIT SHUTDOWN CIRCUIT

OUTPUT
TO POWERED
DEVICE
REGULATED fo
DC INPUT
FROM
POWER SUPPLY

OUTPUT | o—e

o

24-VOLT D4
FILTERED | 2 14001
OC INPUT
FROM
BRIDGE S1
OO0 O

* T

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

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

BRIDGE RECTIFIER
ETHER POLARITY.
01 I, = FORWARD
Ji40 ' _CURRENT ~ MUST BE
o T CORRECTLY
N A POLARISED
o7V
INPUT Vi FORWARD LOAD Ut /
o— l
O
a) b) D1 - D4 RATING TO SUIT
EVERYDAY PRACTICAL ELECTRONICS Fig. 88-8

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

S,
RESET
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NASA TECH BRIEFS Fig. 88-9

This circuit is designed to sense a power-supply output (to other circuitry) and detect a re-
versed-polarity condition. The circuit consists of a complementary metal-oxide semiconductor
(CMOS) decoder (CD4555B), which monitors the output of an external power supply for proper po-
larity. If the power-supply polarity is incorrect, the CD4555B detects that condition and 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
illuminates 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 accommodate
standard positive power supplies with dc voltages of +5, +10, +12, and +15 V. The decoder was de-
signed to operate at these different voltages. With some modifications, the circuit can monitor and
correct anomalous power-supply outputs from +3 V, +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

o
MTP12P05

%}-— RESET ™ ——J

b G

-

Vinp

BATTERY

=]
VW

Vip= 115V (B'LR%Q)

MAXIM Fig. 88-10

To prevent battery damage, the circuit disconnects the load at a predetermined level of load volt-
age. This level (Vmp, closely proportional to the battery voltage) is determined by R1 and R2 so that
the voltage at pin 3 of IC1 equals 1.15 V: Vtrip =115 V(R, + R,) / R,. The allowed range for Vmp is
2 V to 16.5 V. The load-battery connection remains open until the system receives a manual reset
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 with the load 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-TRANSISTOR PROTECTION CIRCUIT
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ELECTRONICS NOW Fig. 88-11

A current-limiting transistor and resistor protect the pass transistor and rectifier bridge in this
linear supply.

MODEM-PROTECTION CIRCUIT

R1
10K R2
1 WATT 1K

ot
PHONES D1
o 1N4735

TELEPHONE Q O MODEM

MODEM ~ TELEPHONE LINE
POPULAR ELECTRONICS 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 downloads messed up by someone lifting a phone.
This circuit completely disconnects all phones on a line when you are using a modem.
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UNDERVOLTAGE DISCONNECT SWITCH

ViN
v ——A e,
| o1 |o2 o3
CHARGE
PUMP
[
ENABLE 3_'
[ THERMAL SHUTDOWN/
SHORT-CIRCUIT
CURRENT LIMIT
LTC1477
e st |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 limiting 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
LTC1477. When enabled, the LTC1477 output ramps over a period of approximately 1 ms, thereby
limiting the peak current in the load capacitor to 500 mA. This prevents glitches on the 5-V source
line that might otherwise affect adjacent loads.
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ELECTRONIC CIRCUIT BREAKER

Trip Delay
10
ViN=5V Rsen = 0.1Q H
Rp=100k
ON/OFF - E Co = 0.01F ]
D Rp S™Rsen
001F 100k S 03a z 1
) = =
ok >
= =
TouP ".;.' IRLR024 3
[ S N
E o1 b il
.
SENSITIVE 3
5V LOAD N
0.01 >
o = 1 10 100

CIRCUIT BREAKER CURRENT (A)

ALL COMPONENTS SHOWN ARE SURFACE MOUNT.
* IMS026 INTERNATIONAL MANUFACTURING SERVICE, INC. (401) 683-9700
“* RL2006-100-70-30-PT1 KEYSTONE CARBON COMPANY (814) 781-1591

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
load 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 with an input for thermal shutdown. The trip delay and reset times are fully adjustable. Be-
cause of its low (20 wA 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

Vg (3105V
+s(o )

Rep
D1
R N
in 0— W\, +
D2
ELECTRONIC DESIGN Fig. 88-15

Unprotected amplifiers in noninverting, 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 provide safe clamping while R, limits the fault current.

SHORT PROTECTION AND SHUTDOWN CIRCUIT

D1

; é’H MBRS130LT3
& ryy“'y\ 12V
33V__o +l H ~$ 120mA
E | 100uF 6 7
0.1pF 10V
" T =1 Vour Vout |~ = ) Vin SW .
= SEL SENSE o
Vit Vinz + | 1 apr
LTC1477 LT1301 To.mF }2\'/\”
V v I
s 3 —i' SHDN LM L NC = =
ON/OFF ——] EN GND | PGND GND
__L G
*COILCRAFT 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 12V, as for V,, for flash memory.
Although the LT1301 features a shutdown control, the input supply can still feed through to the out-
put through L1 and D1. Similarly, a short circuit on the output could drag down the input supply.
With the addition of the LTC1477, the circuit furnishes 100-percent load shutdown and output short-
circuit protection.
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FAILURE MONITOR
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" NES56

THRESH BT
13
DISCH  CONTRL
t 1 1]
1 “Fji G Cs jL:W o W 3.3 seconds
- 3.3-second ane-shat
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 2% minutes to boot up and run the
application software, so a monitor circuit was created that could wait 3 minutes before indicating fail-
ure. ULA, U2A, U2B, 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 unless 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 3-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 10-Hz, 100-ms-wide pulsed input to the watchdog causes the capacitor charge to
accumulate for approximately 8 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 I/O line of the computer. Depending on the I/O board’s design, the signal might
need to be inverted to allow the watchdog input to remain normally high.

SIMPLE MOBILE RADIO PROTECTOR

Battery +
' & Relay & 1
! fuse brl]ock X
1 7 under hood 1 Radi
12 Volts from : : pc?wdleor
ignition switch ' : ' cable
| : :
' X !
]
]
l
22k ;
1
1500 uF |+ g
6V 7 2N3904
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

Receiving Circuits

The 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.

Variometer Radio

VLF/HF Lightning Detector Receiver

Regenerative Shortwave Receiver

Receiver Incremental Tuning Circuit

Vacuum-Tube SW Receiver

Improved Regenerative SW Receiver

One-Chip AM Radio

WWV Receiver

Simple 225- to 400-MHz Air-Band Receiver

Direct-Conversion WWV Receiver

Two-IC Medium-Wave Receiver

SCA Receiver

Variable-Resistor-Controlled Regenerative
Receiver

830

R/C Receiver Preamplifier

AM Broadcast-Band Preselector

80- and 160-m Direct-Conversion Receiver

Receiver Front-End RF Attenuator

Solid-State Regenerative Receiver

Two-Transistor TRF Radio Receiver with
Audio Amplifier

Simple TRF Receiver

60- to 72-MHz Video and Sound Receiver
and IF' System

Receiver Front-End Selector

Tesla Coil Secondary Receiver

Op-Amp VLF Receiver

One-Chip Front-End AM Receiver



VARIOMETER RADIO

To
HIGH-IMPEDANCE
EARPHONES)

GND*

*SEE TEXT O GND*

ELECTRONICS HOBBYISTS HANDBOOK Fig. 89-1

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 ANT: either directly to the circuit or
through a 100-pF capacitor. The ground connection can be made at any of the points marked GND.
There is a reason for the preceding options: By varying the antenna capacitance, the ground con-
nection, 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
point 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 if the need arises should be easy.
When a signal is selected by adjusting the antenna, ground connection, and position of L2, the signal
is passed on to the diode-detector part of the circuit, composed of D1, which demodulates the sig-
nal. The signal then goes through bypass 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-inch 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, lightning can be analyzed for such things as strikes
per flash, leader 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
Fig. A, is made of 94 turns of #33 magnet wire wound on an 11-inch-diameter cardboard disk. The
HF-antenna coil, L1 in Fig. B, is a common RF choke, or about 100 turns of very fine magnet wire on
a %-inch-long ferrite core (any similar junkbox choke should do). Antenna ANT1 is a 6-inch wire an-
tenna. The first LF411 FET op amps (IC1 in both circuits) are preamps. 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),
which power both LED bar graphs (DISP1 in both) and low-voltage piezo buzzers (BZ1, again in both
receivers). The negative leads of the buzzers, while shown connected to pin 1, can be connected 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 amplifier (with a re-
generation control and band-switching circuitry), an AM detector, a power amplifier, and some form
of output device (internal speaker, external speaker, or phones), plus a multivoltage power supply.
The schematic diagram of the receiver is shown in the figure, a dual-gate MOSFET, Q4 (which is
analogous to a pentode vacuum tube), is used as the regenerative amplifier. The dual-gate MOSFET
is configured as a Colpitts oscillator, rather than an Armstrong type. The MOSFET’s feedback from
source to gate is provided via R18 and C33. The circuit contains several standard fixed-value induc-
tors, each of which is connected in parallel with a small variable capacitor. Those LC pairs along with
a SP12T rotary switch (S2) are used for band selection. Regenerative amplification and AM detec-
tion are performed by two separate transistors, Q4 and Q5. The AM detector (which is called an 77~
finite-impedance detector) has the advantage of not loading the RF stage appreciably. Because D3
is operated with a slight forward 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 0.1 V. Regeneration is con-
trolled by varying the voltage applied to gate 2 of Q4. The circuit also contains fine and coarse
regeneration controls that allow 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

To Ocillator

1o s

12pF 1k

R1 R2
100k 47k

73 AMATEUR 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 and the varactor voltage is controlled by the 10-k{) pot. On transmit, Q1
conducts; this effectively shorts the 10-k€) pot, placing a fixed voltage on the varactor diode.
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VACUUM-TUBE SW RECEIVER (Cont.)

L6

B+
OUTPUT
Q1 s
PY $R13
¥
c36
:RIA
1 B-, -6.3V
+ QUTPUT
2R12 /L
<
D4
PL1
Fl
c33 s2 l
"
»—l%—-« ° 7 o—I
ON-DC OFF Lo ON-AC Cc37
" 7 r’«] ;J:
F2
DS D6
4
=81
+6.3V OUTPUT ,J,

L3(PIN1)

L2 (PIN3) L3(PIN2)
L1 (PIN &)

—_—L1{PINS)
L2(PIN6)

L1- 14 TURNS, CLOSEWOUND BETWEEN L2 TURNS.
L2-15 TURNS, SPACED BY L1.

L3-12 TURNS, CLOSEWOUND, WINDING SPACED
1/8" FROM TOP OF L1/2.

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

% % CORE 1S 174" DIA. BY 11/8" LONG PHENOLIC,
WITH 2 FERRITE SLUGS. CORE BASE SECTION
1S 1/2" DIA. BY 3/8" LONG, WITH 6 SOLDER
LUGS IMBEDDED.

73 AMATEUR RADIO TODAY Fig. 89-5

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.
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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 radiate oscillator-frequency
signals is eliminated here by placing a transistor buffer Q1 between the antenna preselector circuit
L1-Cla and the regenerative oscillator-tuned circuit L2-C1b. This buffer also nearly eliminates hand-
capacitance effects. This design is also unique in that it uses an IC for the regenerative detector. Ul,
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 C1b. The regenerative feedback for this oscillator is supplied by the output of the GAIN
and ADJUST pins of the LM1496. Some of the oscillator output is coupled to one of the CARRIER IN-
PUT pins via C9, which allows the mixer section of Ul to act as an asynchronous detector, greatly
improving the RF detection sensitivity over that of other regenerative circuits. The regeneration
level is controlled by the voltage level 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 ripple. This bias level controls the quiescent current level through the SIGNAL IN-
PUT amplifier transistors, which, in turn, determines the emitter output impedance of these transis-
tors, controlling 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 first section of U2, an LM324 op amp. Volume control is achieved though U2d and
variable resistor R18. Using a push-pull audio output stage, as is done here, also reduces suscepti-
bility to audio oscillation. Although the use of switched or plug-in coils could have allowed multiband
reception, in the interest of simplicity, this was not done. However, 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

AAA,

35 TURNS 700K o8,
Yy o F
s3vL
Z NS4 T
‘ - = L —0
3é6s E 1
0.04 PF sRa0/ AuD/o
@ O
 ELECTRONICS NOW Fig. 89-7

The ZN414 IC contains a complete AM radio, with 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

c7
2.2pF

OUTPUT
(TO AUDIO
AMP) ce
.001
Je—s
ct $ R 182 % 1ok c5 % 3
001 < 47K R3 15
47K ‘*—:K———‘*“:.
. oeaa W Re =
b C4 : M 5K
001 47KP REGEN
*SEE TEXT +9V o—AAA
v
POPULAR ELECTRONICS Fig. 89-9

Tuning coil L2 can be wound with 2 turns of #22 wire on a 5/32" drill bit. This circuit is well 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 lengths should not exceed %s". 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 approximately 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 is coupled via an autotransformer to a
grounded-base amplifier (Q3) before being applied to a diode-mixer network that comprises T2, D1,
and D2. The best mixer performance is obtained when both secondary windings of T2 are identical,
and D1 and D2 are matched. The output of the local oscillator (LLO)—a grounded-collector Colpitts os-
cillator (built around Q1)—is applied to emitter-follower/buffer 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 Ul-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-Q) speaker or 32-() headphones. The volume is controlled merely
by adjusting the length of the whip antenna. When driving 32-Q headphones, the circuit consumes
less than 25 mA; however, the current drain increases to 40 mA when driving an 8-{} speaker.

TWO-IC MEDIUM-WAVE RECEIVER
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1 ZN4a16 4
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200p e s |- W
L: @Es b ) Pl —
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#see toxt = -
Iﬂnn
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
with a 500-pF foil-dielectric variable capacitor, C1. The audio power amplifier, a TDA7050, is re-
quired only if you want to use a small 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
at 1.54 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 RECEIVER (Cont.)

A simple PLL-based FM demodulator can be made to demodulate two subcarriers and provide a
source of background music. The input to this receiver is fed from the wideband audio output from
an FM radio’s first FM detector. This is the point that feeds the FM stereo 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 still present]. 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 demodulator input. The FM detection is accomplished by
a simple LM565 PLL IC (U1) operating as an FM demodulator. The PLLs VCO is tuned to 91 kHz via
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