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Preface

This latest volume of The Encycloped'io, of Electroni,c: Cz'rcui,ts 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, lve 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 eiectronic circuits available an;,.where.

We wish to express our sincere gratitude and appreciation to the industry sources ancl 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 T?oxler, whose skill at the word processor and dedication to
this project made it possible for us to deiiver the manuscript to the publisher in a timely fashion.

Rudolf F. Graf and William Sheets
January 1998
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Active Antenna Circuits

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

Active Dipole Antema
High-Frequency Loop Antenna
Active Antenna, 100 kHz to 30 MHz
Dc Block for Active Antenna and Downconverters
Splitter Circuit for Active Antenna to Enable Multipte Short Wave Receiver Usage

1
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ELECTRONIC DESIGN Fig.l-1

This active antenna acts as a dipole and consists of a dual FET source follower feeding a differ-

ential amplifier. The LM759 acts as a virtuai ground, splitting the 10-V supply. R1 is a gain set resis-

tor (see table). Dc is fed in via coax cable. The frequency range is 100 kHz to 40 MHz.
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HIGH.FREQUENCY LOOP ANTENNA

+6l,
0.05 pF ,
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ELECTRoNIG DEslcN Fig. l-2

Good performance in the 5- to 30-MHz range requires an amplifier with extremely high input im-
pedance and low noise that can drive 75-O loads at high signal levels at frequencies over 30 MHz.
Combining dual FET source followers and the new Maxim 436 wideband transconductance amplifier
can produce just such an ampJifier. A balanced configuration is used for the tuned loop to preserve
the s;.'rnmetry of the figure-eight polar antenra pattern. As a result of using FET source followers on
the amplifier's front end, only the 1-MO gate resistors load the tuned circuit, so tuning is very sharp
and resistance to off-frequency interference is very high. The FETs drive the differential inputs of
the MAX436, which ampffies the balanced signal and converts it to a single-ended output. Voltage
gain for this amplifier is switch selectable at either 8 dB or 20 dB into a75-A load. Since the ampli-
fier is designed to work into a 75-O load, the device can be connected to the receiver with a length
of RG-59U cable. Maximum undistorted output is 1500 mV into 75 f,), so overloading is unlikely even
at the high-gain setting.
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ANT-I

NE1
2.3V

i.7pF

POPULAR ELECTRONICS

ACTIVE ANTENNA, 100 kHz TO 30 MHz

This circuit uses a FET and bipolar transistor
combination to achieve high performance with a

short pickup antenna (24in. or 70 cm). R5 is a gain

control and should be set for the minimum gain

necessary for good results. Tl is 24 turns of #32

trifilar wire on a I'erroxcube P,N 768T188-3tr2A
core. J1 is used for dc feed and RF output. A dc

block unit can be used at the receiver end. Dc
po\^'er is 12 V at 30 mA. The pickup wire and pre-

amp should be enclosed in a weatherproof assem-

bly so that the antenna can be mounted outdoors
in an electrically quiet area.

A complete kit of parts, includlng the PC

board, is available from North Country Radio, P.O.

Box 53, Wykagyl Station, New Rochelle, NY 10804-

0053A.

1

13V

R3
47K

+

T1

c1

J1

Fig.l-3

a4
1K

R2
10K

R1
1O MEG Q1

MPF102

MPS3866

B6
22')

o2

MAX
+

CONTROL

R5
100fl
GAIN

c3
1

MIN

r -1

J3J2

DC BLOCK FOR ACTIVE ANTENNA AND DOWNCONVERTERS

SHIELDED CASE

c4
.047

13V

c5R7
82() 2200 A suitable dc block and power source for ac-

tive antennas and dovmconverters can be made
from a few components as shown. This circuit is

suitable for frequencies from 50 kHz up to VHF. A
shielded case should be employed to prevent stray
signal pickup. Dc power supplied to the active an-
tenna or downconverter, via the coaxial signal ca-

ble, is 12 V at 30 mA.

JL
PL1

'12-14 VAC

POPULAR ELECTRONICS Fig.l-4

+

R8 c6
47r) 2200

D1

N4007
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SPLITTER CIRCUIT FOR ACTIVE ANTENNA TO ENABLE MULTIPLE SHORTWAVE
RECEIVER USAGE

Bl
J4

TO DC
BTOCK

R,,

ALL FESISTOFS
EOUAL VALUE
1i,l WATT 5?.

CARBON

RECE]\'ER

NUMBEF
OF

HECEIVEFS

50c)
CABLE CABLE

2 1 6I)

3 24t) 36(l

4 43 0R 47()

5 51o

N solN-1'\ o
\N + 1/

,./N-1\..
''\tt* t/"

FESiSTOB VALUES
(NEAFEST 5"" TOLEFAI.ICE)

POPULAR ELECTRONICS

Identical-resistor-value star networks can be
used to connect multiple receivers to a single ac-
tive antenna. Although the loss is higher with this
method than with conventional ferrite transformer
splitters, the frequency response goes down to dc,
and the extra loss is not usually a problem at LF,
MF, and HF, as active antennas have plenty of gain
and the received signal levels are limited by at-
mospheric and ambient noise signal strengths. The
splitter should be mounted in a shielded box with
suitable connectors to minimize stray signal
pickup.

Fig.l-5

BECEIVER 1

F2

RECEIVER 2F3 TO
BiN-1)

RN

FECEIVER 3
THFU (N,1)
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2

Alarm and Security Circuits

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

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

Cut Phone Line Aiarm
Freezer Sentry
Intruder Alarrn
Burglar Alarm
Cut Phone Line Alarm
Digital Lock Circuit
Analog Electronic Lock
Safer Security System
Property Alarm Circult
Tamper Alarm
Rain Alarm

6



D3
1N4001

u
1t{4{lor

p.
100K

R3
680K c1

4.7

v2
1N5349A

12V

+

R1

10K

10

11

1

7

CUT PHONE LINE ALARM

D5
1M001

TELEPHONE
+12V

D6
1}{4(x)l

CONTACTS

D1

1N5338A
5_1V

lCl-a
LM339

COt.{TACTS

GROUND

tc1-b lcld
lC1-c

ELECTRONICS NOW Fig.2-1

The figure shows the schematic diagram of the phone line monitor. Note that 12-Vdc power is
connected to the unit via solder pads C (positive) and G (ground) on the PC board. This power
should be supplied from your home security system, since it will have battery backup, and this will
be as reliable as your base security system. The input from the telephone line is fed to pads A and B.
Polarity is not important to the monitor because the input is rectified by the full-wave bridge recti-
fier formed by diodes D3 to D6. ConrLecting the phone line to the phone line monitor in no way di-
minishes phone service, and its presence on the line will be uruLoticed by you and those who call you.
The rectified or polarized voltage from the bridge rectifier is fed to a long-time-constant filter formed
by R2 and C1. This filter includes a zener diode (D2) that limits the voltage maximum charge on C1
to 72Y during normal operation. Resistor R3 provides a high-resistance shorting path to drain the
charge from C1 when there is no input voltage. This resistor sets the time delay for activating the
alarm. The triggervoltage for comparator IC1-a is generated by R1 and Dl. Diode Dl is a 5.1-V zener
whose output is fed to the inverting input (pin 4) of IC 1-a. With the inverting input at 5. 1 V, any volt-
age above 5.1 V on the noninverting input (pin 5) will cause the output of the comparator to go hrgh.
Since the output of ICl is tied to the relay coil of RY1 and the other end of the relay is tied to +12
Vdc, the relay coil is not energized. When the voltage from the input filter drops below 5.1 V, the out-
put of IC1-a goes low and energizes the relay. The contacts of RYl (either the normally open set or
the normally closed set) could also be used to trigger the home's security system.

NO
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ELECTRONICS NOW Fig.2-2
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FREEZER SENTRY (Cont.)

The heart of the circuit is SCR1, a silicon-controlled rectifier. Thigger voltage is supplied through Jl
by the meltdown sensor when its contacts close. Resistor R1 is included to prevent arry false triggering
of SCR1 as a result of voltage fluctuations or noise from the power supply. Once SCR1 is triggered, it
latches on, sounding the alarm buzzer until the reset switch (S1) is pressed. The reset switch intemrpts
current flow through the SCR, letting it turn off. Power for the circuit is supplied by a 12-Vdc wall-
mounted transformer, which is connected to J3. As long as the wall-mounted power supply is working,
relay RYl will be activated, opening its normally closed contact. Normal power will also be indicated by
LED1, with R4 limiting the current flow through the light-emitting diode. If the ac power fails, LED1 will
go out and RYl will deenergize, closirg the relay's normally closed contacts. The relay contacts bypass
SCR1, sounding the alarm. Backup power for that situation is supplied by a 12-V battery pack, which is
cormected to the circuit ttrough J2 and Dl. Diode D1 prevents the ac-derived power supply from at-
tempting to charge the batteries, and D2 prevents the batteries from fuhting the LED or energizing RY1
in the event of ac power failure. An additional feature of the circuit is that since the relay bypasses SCR1
during a loss of ac power, the reset button will not silence the alarm. Regardless of which t;,pe of failure
caused the alarm to sound, R2 and RB form a voltage divider that provides a 5-V signal to J4.

INTRUDER ALARM

EVERYDAY PRACTICAL ELECTRONICS

The circuit triggers a puised-tone alarm when anyone passes by, and several of these units can
be scattered around the premises to give burglars the impression that they are being monltored! It is
guaranteed to drive any burglar bananas. TWo photodiodes, D1 and D2, are used as shor,,'r-r to ensure
sensitivity over a very wide range of iightning conditions, though the circuit will be less effective in
diffuse light. IC1 is connected as a differential amplifier. As the voltage at point,4 swings high, the re-
sponse at pin 2 of IC1 is slowed by capacitor C1, and the voltage sw'ings high at the output (pin 6).
Capacitor C3 charges up and transistor TR1 level-shifts the signal to enable the oscillator section
formed from IC2, a quad NAND Schmitt. The piezo disk X1 will pulse accordingly. C3 determines the
duration of the pulsed tone and resistor R8 determines the pitch. Photodiocies D1 and D2 shoulcl be
mounted a small distance apart for best effect. The circuit draws a mere 0.5 mA.

+9V

DI
P0638

P0c38
o2

9

.g g

10N

F5

D3
I Nrlc8

rc2d

.t
c3
33r

C6

r6v

lC2a
4093

Fig.2-3
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BURGLAR ALARM (Cont.)

This burglar alarm uses either normally closed (S5 to SB) or normally open (S9 to 511) switches
or a combination thereof. Activation sets latches ICl-b and IC1-c. 51 is used to disarm the circuit.
IC1-d and related components drive switch Ql, which triggers timer IC2. IC2 generates a pulse, de-
termined by R3 and C5, that energizes alarm relay RY1. 52 allows for a continuous alarm and S12 is
a panic switch to sound the alarm immediately. Either a built-in brzzer (BZI) or an external siren
can be used as an anmrnciator.

CUT PHONE LINE ALARM

R1

E4
2.2 MEG

+

+ {GHEEH} F2
2T MEG 2N3306

YO
?ETSFHOI{E
UH€

2N3904

250V

* {nEo)

ELECTRONICS NOW Fig.2-5

Detecting a cut phone line can be an important function of an electronic security system. Unfor-
tunately, detecting a cut phone line isn't easy because the voltages on a normal phone line vary so
much. The voltage is typically 48 Vdc when the telephone is on the hook, 2 to 15 Vdc during a con-
versation, 90 Vac during ringmg, and 200 Vdc when the telephone company is testing the line. Brief
moments of 0 V are common; what you really want to detect is a voltage that goes to zero and stays
there. A second restriction is that the cut phone line detector carmot draw any appreciable current.
Its impedance has to be higher than 50 MO or the telephone company will think it's a leaky cable.
Components R1, R2, R3, and Cl smooth out momentary variations in voltage so that the alarm
doesn't trigger every time the telephone rings. If the voltage stays at zero for 30 s or more, the alarm
shonld trigger. The load can be apiezobtzzer, an optocoupler, or a small relay.

Because of the tiny currents it must detect, this circuit should be pqwered by its own 9-V bat-
tery, with no direct cormection tb the rest of the burglar alarm. Otherwise, a slight difference in
ground potentials might cause the circuit to perform somewhat erratically.
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POPULAR ELECTRONICS Fig.2-O

This circuit depends on the entry of a correct sequence code. An incorrect number that is not
part of the code causes the circuit to reset. When the correct code is entered, Q2 operates relay K1

for a short time, depending on C3.
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ANALOG ELECTRONIC LOCK
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POPULAR ELECTRONICS Fig.2-7

The system is formed of two separate circuits-a key and a keyhole. The key engages the key-
hole by means of a mating pair of connectors. The key is a tone-generator circuit consisting of a 4049
hex inverter CMOS IC (U1), switches (S1 and S2), a resistor (R1), and a capacitor (C1). The value
of the tone generated by that circuit, in hertz, is determined by 1/(1.4x Rp ). The keyhole is a 567
tone-decoder circuit that can be configured to detect any frequency from O.0t ttz to 500 kHz. The
frequency it detects (f) is set by resistor R2 and capacitor C2, according tof ,:7.1/(R Cr). When the
key is inserted into the lock and switch 51 is pressed, a tone is supplied to the inputbf tne keyhole
circuit. If the tone frequency is close enough to f , the 567 IC turns on the relay (K1), which should
be cormected to the electronic locking device. Components R3 and D1 are used to latch the circuit,
so that the output stays on even after the input tone is removed. When 52 is pressed, the system is
reset. Switch 53 resets the circuit from inside. Note: The accuracy with which the keyhole circuit de-
tects/ can be set by changing the values of three components. First, R2 should be between 2000 and
20,000 O. Second, the value in microfarads of capacitor C4 should berlf, where z is a value between
1300 and 0000 (which gives a detection accuracy of up to 14 percenl ofl). Finally, capacitor C3
should have about twice the capacitance of capacitor C4. Battery 81 supplies both circuits.
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ELECTRONICS NOW Fig.2-B

Many security systems use a closed loop of wires and switches, aranged so that whenever a door
or window is opened, the loop will be broken and the alarm will sound. An obvious problem is that
someone can tamper with the system, short out the loop, and Iater on come back and burglarize the
premises without sounding the alarm. Hiding a known resistance in the loop is a very good idea. That
way, the alarm can distinguish a short circuit from a coffectly functioning closed loop. The figure
shows a circuit that does the job. It is a somewhat unusual application for a National Semiconductor
LM3915 IC, normally used to drive LED bar-graph displays. That chip happens to contain the right
combination of comparators and logic circuits to do what you need. Step 1 is to translate the loop re-
sistance into a voltage. That is done by putting a voltage divider with resistors Rl and R2. Capacitor
C2 protects the circuit against electromagnetic noise-important because burglar alarms use long
wires, often running near heavy electrical equipment. Step 2 is to translate the voltage into a logic
signal indicating whether it's in the correct mnge. Normally, the LM3915 would drive 10 LEDs, one

for each of the small ranges of voltage. To obtain logic-level outputs, we have it driving 1-k,f) resis-
tors instead of LEDs. Since we need to distinguish only three situations, we tie some of the outputs
together. The LM3915 has open-collector outputs that can be paralleled in that way. Note that they
use negative Iogic (0 V for "yes," *5 V for "no"), the opposite of ordinary logic circuits. You can use

inverters, such as the74HC04, to produce positive logic signals, if that'O what you need. Finally, note
that the circuit will actually work with any supply voltage from 3 to 25Y.
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PROPERTY ALARM CIRCUIT

LEO FljS]ER 2 MIMJTE OELAY SIBE}I ORIVER
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EVERYDAY PBACTICAL ELECTRONICS Fig.2-9

The circuit is designed to protect by means of a wire loop or mercury switch. TR1 and associatecl
components form a swrtch that is biased off by the normally closed (N C ) Iink. When the link is bro-
ken, TR1 conducts and triggers the thlr'istor (CSRl) into conduction. Consequentlv, the LED flasher
centered around the 555 astable of IC1 causes D1 to blink. Additionally, IC2 is a monostable timer
that triggers through R5/C2 and drives an audible warning device via TR2 for a period of approxi-
mately 2 min before resetting. When the audio alarm has timed out, the LED will continue to flash,
and this can be cancelied by opening S1, which resets the thyristor. The quiescent current ofthe cir-
cuit is very low because of the high value of resistor Rl. A mercury switch can be usecl in place of the
wire link to act as an antitamper alarm, in which case care must be taken to avoid acciclental contact
with the mercury bead itself because it is highly toxic.
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POPULAR ELECTRONICS

R1
IX

TAMPER ALARM

The silicon-controlled rectifier (SCR1) oper-
ates as a memory device to indicate a security
breach in a room, desk drawer, safe, etc. Switch S1

can be a mechanical or magnetic switch. Position
51 in an object that you want to keep protected,
making sure that the switch will close when the
object ls tampered with. When 51 closes, SCR1

turns on,lighting LED1. Pressing 52 resets the cir-
cr rit.

Fig.2-10

z,,<

8a l-'

RAIN ALARM

sENS(n

+

sro
,51/

REIAY
(UPTO
200 rnACOIL)

ELEcrRoNrcs Now Fig.2-11

This rain-detector circuit closes the relay when water bridges the gap between the metal elec-

trodes.
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3

Amateur Radio Circuits

Th" ,or.""s of the follow'ing 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.

Automatic Voltage Controller
10-dB 50-W Attenuator
10-W CW T?ansceiver
2-m HT Base Station Adapter
WWV to 75-m Band Converter
Repeater Emergency Power Suppty
Dummy Load and Detector
1 O-GHz Wavemeter Amplifier

17
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lO.dB sO-W ATTENUATOR

73 AMATEUR RADIO TODAY Fig.3-2

The 10-dB attenuator has an attenuation of 10 dB at lorver frequencies at 2 m and 70 cm; circuit
losses increase to 10.8 dB and 12.0 dB, including interconnecting RG-58/U cabie losses of 0.4 dB ancl
0.6 dB, respectively. Establishing an SWR of less than 1.1:1 at 70 cm was the most crucial design con-
sideration. Changes occur with different coolants. If the assembly is tailoreci for minimum SWR in air,
its SWR increases to about 1.3:1 u.hen you put it in vegetable oil. The SWR changes are caused by ir"r-

creased circuit capacitance due to the dielectric. This condition was improved by using householcl
wax, paraffin, instead of oll Cautiorr.: Parc$fi,n h.cts o, re\at'iuely Lou flash, temperature; it cctn be
used to make candles. Next, to decrease the circuit distributed capacitance, increase the distance
of the components from the circuit board by stacking two layers of PC boards at the tie-dowrr pads.
This raises the parts of connecting positions to about 0.120 in. The completecl assembly has an SWR
of less than 1 . 1 :1 at both 70 cm and 2 m.

Schematic and layout of the 10-dB attenuator: R1, 10-() ll2-W (7); R2, 1-kO 1/4 W (14). A. In-
put/output, 3 ft RG-58/U. B. Cable bushing, Z in. clearance hole. C. Component mounting board, 3Z
inx2/oinX{,, in PCB. D. Fan out end cable braid, twist into tu..o segments, and solder to PCB with
minimum lead lengths. E. Component tie-down pads (9), double thickness glass-epoxy PCB,tlinxt4inx{ in pieces cemented together and into position with clear household cement (Elmer's).
F. Coolant, househoid wax (paraffin). Fiil container with melted r,vax to 7r in from the top. To melt
wax, insert the container in hot water (about 200'F). G. Container, one-pint can.
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10-W CW TRANSCEIYER (Cont.)

Capacitors are l00v ceramic disk type. For inductors, wind turns using the enarnel wire
gauge given on the toroid core specified.

73 AMATEUR RADIO TODAY Fig.3-3

This transceiver can be operated on the 80-, 40-, or 30-m CW ham bands. A crystal oscillator
drives a driver and RF PA delivering about 10 W output. The receiver uses an MC3359 IC and is fecl
LO from the crystal oscillator used for transmitting, ancl a varactor diode is used for incremental tun-
ing (RIT) of the receiver. The unit also has a CW sidetone generator for ease of monitoring the trans-
mitted CW signal. The power supply is 18 to 28 Vdc at 1 A.

21

Component 80-M 40-M 30-M
CI 390 pF 68 pF Not used
c2 18 oF 5pF Not used
c3 680 pF 270 pF Not used
c4 820 pF 680 oF 390 pF

cl1, cr2 820 pF 390 pF 270 oF
cl8, c34 39 pF 18 oF l0 pF

c22 18 pF Not used Not used
c25. C3t 390 pF 2'10 oF 180 pF
c26. C28 390 pF Not used 390 pF
c27. C29 820 oF 680 pF 68 pF

c30 68 pF Not irsed Not used
c32, C33 390 pF 68 pF Not used

Ll (Fr37-61) 40T #30 23T #28 t7T #28
L2$50-2) 22T #24 t T #24 tzt #24

L3, L5 (T50-2) 22T #24 t7T #24 l4T #24
L4 (Ts0-2) 25T #24 tgT #24 t6T #24

L6 (FT-37-61) 30T #28 25T #28 l5T #28
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c5
0.1pF

c8.
385pF,

cl
*7pF

c0
.05rF

TALT
o6

c?2
e40pF

WWV TO 75.m BAND CONVERTER

+5Y (]

T1 I

a
0.1pF

POPULAR ELECTRONICS Fig.3-5

This circuit for an HF-band converter will convert the 10-MHz WWV signal to a frequency in the
75-m ham band. The local oscillator section of NE-602 is available on pins 6 (base) and 7 (emitter).
In this circuit, a 6.00-MHz crystaI oscillator is proi,rded by the NE-602. Capacitors C1 and C2 form
the feedback network. The junction of C2 and XTAI1 can be connected to either the 15-Vdc line or
ground (the former is shown here). The difference frequency between WWV's 10 MHz and the 6.00-
MHz crystai frequency is 4.00 MHz, which is located at the top end of the 75-m ham band. Crystals
with other frequencies will produce other output sum or difference frequencies, so tune the receiver
appropriately if something other than 6.00 MHz is used.

REPEATER EMERGENCY POWER SUPPLY

*V

RT
OUT

w
lSirF

cts
l*F

RT
IN

I
I

0.50
50r

if your repeater needs emergency power, this
circuit might do. Connect a l2-Y storage battery, a
reiay, and a 0.5-O 50-W resistor as shonn. Nor-
mally, the battery charges at a low rate (less than 1

A) through the 0.5-0 resistor. \Vhen power fails,
current can flow from the battery through the
diode for a few milliseconds, until the relay drops
out and closes the contacts, completely eliminat-
ing any voltage drop. if your repeater doesn't use a
13.8-V power supply, you could purchase a 2-A
battery charger and connect a 0.5- to 1-,f) resistor
(50 W) in series u.ith the battery. This wiil charge
at approximalely tlA and maintain the battery.

TO
l0AClqt
Brd6r REPEAIER

:

I r-$
rl5VAC

NUTS AND VOLTS MAGAZINE Fig.3-6

rcBTAt
13.LC
POTIER
S'?PTY
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DUMMY LOAD AND DETECTOR

o
r ln1il

toh
l/4w

INP(JT
O-zmw- 5lY

OUTPl'T
< 23v/t0 ltEG

o.oor

coMMox
lk

COI'IMON

OUTPUT

73 AMATEUR RADIO TODAY Fig.3-7

TWo 100-O, {-W resistors in parallel connected across a 50-O cable with near-zero lead lengths

will be very close to a 50-O termination with the SWR less than 1.1:1. However, adding the diode in-
troduces capacitor loading that results in an SWR of 1.5:1 or more. In the circuit, the components on

the 2-dB resistor pad preceding the diode,4oad compensate for this, as they are tailored to reduce the

SWR to less than 1.1:1. Although the power capability of this assembly is 5 W, forced-air cooling ls re-
quired at the higher power levels, depending on the measurement period.

Schematic and layout of the dummy-toad/detector assembly: A. Input, 1 ft RG-58/U. F an out
braid on connecting end, twist in two segments, and solder to PC board u'ith minimum lead

lengths. B. Base, 3 inx2 inxtf, in PCB. C. Capacitor-90" circular sector, 1 in radius, 0.21-in-thick
Reynolds sheet aluminum. Surface polish with 220-grit sandpaper to remove burrs. Dielectric,2.7-
mil polyethylene (Ziploc heary-duty freezer bag). Feed through 2-56 screrv with a plastic insula-

tor on the back side. Hole ls reamed on both sides with a large drill to prevent shorting to the foil.
D. Peak readout diode, 1N34A selectecl to have a reserve resistance of less than 5 M() (RS 276-

1123). E. Component tie-dowrr pads,'{ inx( inXlu in glass-epoxy PC board. Cemented to base

with clear household cement (Elmer's). F. Output tie-down pad, % inxl/.inxtf,,in PC board.

roo
ltzw

o
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cA-3130

't 0-GHz WAVEMETER AMPLIFIER

10-1510 GHz Waveguide
Detoctor Mount

1N23 Diode Typical
0. 9V

T
K

1N914

uA

73 AMATEUR RADIO TODAY Fig.3-8

This wavemeter amplifier is connected to the microwave waveguide detector. This circuit oper-
ates from a single 9-V transistor radio battery for simplicity.
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4

Amateur Television (ATV) Circuits

Tl," ,orr."s of the follolr,ing circuits are contained in the Sources section, which begins on page

10,13. The figure number in the box of each circuit correlates to the entry ln the Sources section.

AIV Line Sampler
UHF ATV Downconverter for 900 and 1300 MHz
1 3-GHz AIV Transmitter

26



J1

RF IN

J2
RF OUT

* Adiust
Output

**
cl
lpF

Cs {.
2-10 pF

c2

H 1v/75 A
to Scope
or Monitor

ATV LINE SAMPLER

L1

1A pF
RFC 2NJ904

c3

c5
47O pF
16 v vtDEo ourQ1

+
R4

350 0

CsforlV

,T. 0.ol
lpr

R1

k0

with Nomol RF Line Level +12V
** Use o Smoller Qspggit6ngg

Volue for Hiqher power Levels

asT Fig.4-1

This der.rce can be used to recover demodulated video from the output of an ATV transmitter. A
small sample of the signal on the antenna feeder is tapped off and cletected, and the resultant vicieo
is fed to an emitter follower. C1 is chosen for 1 V p-p under normal transmit conditions. This circuit
was intended for 440-MHz AM TV signals. It will not work for F M or for 900-MHz or 1300-MHz sig-
nals. A striplike directional coupler can be used to sample the RF line without introducing an im-
pedance bump.
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UHF ATV DOWNCONVERTER FOR 900 AND 1400 MHz (Cont.)

This downconverter is tunable and can cover either 902 to 92BMHz or 1240 to 1300 MHz for re-
ceiving amateur television transmissions or other wideband signals. An NEC 251391ow-noise RF am-
plifier feeds a BFR90 mixer driven by a BFR tunable LO operating 6l or 67 MHz below the received
frequency. A pair of 2N3563 transistors are used as a post-IF amplifier. Overall gain is 37 to 40 dB
with around 1.5-dB noise figure. AGC control voltage can be used on gate 2 of the RF stage to reduce
RF gain on strong signals; about -3 V is needed to reduce RF gain by >30 dB. Either on-board tun-
ing via pot R24 or remote turung via 10- to 20-V variable dc supply on the IF coaxial cable can be
used. Note that striplines are different for 900 and 1300 MHz, and this requires separate models for
each band, although the physical layout and circuit diagrams are identical.

A complete kit of parts, including PC board, is available from North Country Radio, P.O. Box b3,
Wykagyl Station, New Rochelle, NY 10804-0053A.
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1.3-GHz ATV TRANSMTTTER (Cont.)

This TV transmitter operates from a +12-Vdc source and produces about 1 W peak power on
slrrc tips. Output frequency is 1240 to 1300 MlIz, but operation is possible to 1325 MHz (for U.K.
band).VideointerfaceislYp-p/TsOnegativesyrrc;aucliois5rnVtolV@ZSSkO.ForpALoper-
ation, reduce the number of turns on L16 to l1 for S.b-MHz sound.

A kit of parts for this transmitter is available from North Country Radio, P.O. Box 53, Wykagyl
Station, New Rochelle, NY 10804-0053A.
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5

Am pl ifier Ci rcu its-Audio

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

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

22-W Amplifier for 12-V Systems
60-W Switching Amplifler
Stable LM386 Audio Amplifier Circuit
Stereo Preamp
Miniature Audio Power Ampiifier
Simple Audio Output Antplifier
Simple Guitar Ampllfier with Duai Inputs
2-W Stereo Amplifier
Headphone Amplifier for Guitars
High-Gain Amplifier
N{ini Megaphone
Audio Porver Booster
N'Iultrpurpose Mini Amplifier
Push-Pull Audio Line Driver
Electret Mike Preamp with PTT Circuit
Crystal Radio Amplifier
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22.W AMPLIFIER FOR 12.V SYSTEMS

+t2v
+

BIGHT

ITFT

10

4

POPULAR ELECTRONICS Fig.5-l

Power for the circuit (+12 V) is provided by a connection to the host vehicle's battery. A con-
nection is also provided for the vehicle/s ground. Capacitors Cl and C2 provide decoupling of any sig-
nal riding on the supply voltage, while capacitor C3, working in conjunction with IC1, provides ripple
rejection. The incoming audio signal is coupled to IC1 by capacitors C4 and C5. Those 10-pF capac-
itors are used to avoid rolling off of the low audio frequencies. Resistor R1 and capacitor C6 feed the
mute switch circuit (included in IC1), providing the delay that eliminates turn-on pop. Their -BlC
time constant is about 1.4 s. None of the component values external to IC1 are crucial, but major
value substitutions should not be made. Pin 14 (the mute switch) of IC1 must have at least 8.5 V for
the amplifier to be ON, or be held below 3.3 V to ensure that the chip stays in the mute condition.
Current requirements at this pin are on the order of 40 pA in the ON condition, and 100 pA for
standby. The R1/C6 combination used here (47p,F and 39,000 O) provides enough delay to eliminate
turn-on pop without having an excessive wait for normal operation. In addition to this slight delay,
pin 14 gradually comes up above the 8.5-V threshold as C6 charges up,.rather than coming on in-
stantly, as it would if a simple switch were used. Values for C6 and R1 are not crucial, but R1 should
be no larger than 100,000 (), and the R1/C6 time constant should be on the order of a second or two.
Too short a time constant may not eliminate the turn-on pop; too long a time constant does not harm,
except causing an irritating delay.
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60-W SWITCHING AMPLIFIER (Cont.)

The schematic for the switching ampllfier is shown. A separate 51-Vdc source is required to
power the amplifier circuit. The 51-Vdc source is fed to a pair of zener diodes, D5 and D6, and is fil-
tered by capacitors C11 and C12 to pror,'ide a 12-Vdc source for part of the circuit. Also, part of the 51-
Vdc source bypasses the zeners to power the sections of the circuit that require a high voltage. The
right and ieft signals are input to the amplifier through jacks Jl and J2, respectively. TWo sections of a
TL074 op amp, IC1-c and IC1-d, generate a 4-V p-p, 50-kHz triangular reference u,,aveform. The gen-
erated waveform is then fed to potentiometer R19. That enables the amplifier to use input signals with
amplitudes ranging from 1 V p-p to 4 V p-p. The other t\4,,o op-amp sections, IC1-a and ICl-b, function
as comparators to produce the pulse-width-modulating output for the left and right channels of the
amplifier. In the right channel of the amplifier, the output of the voltage comparator is coupled to the
bipolar translating circuit through a current-limiting resistor, R5. The translating circuit has a positive
and a negative "leg;" Q1, D1, and R7 make up the positive leg, and Q3, D3, and R11 make up the neg-
ative leg. Both legs are tied to ground through the emitters of Q1 and Q3, providing a reference point
for the translator. The translator arangement results in 17 V being present across Q1, Q3, and zener
diodes Dl and D3. Sufficient current is then present to overcome the power MOSFET gate capaci-
tance; that rapidly switches on and off the power MOSFET complementary push-pull output stage,
composed of Q5 ancl Q7. Resistor R3 keeps the output swing centered at the midpoint of the supply
voltage. Without R3, the square-wave output drifts down toward the negative rail. The EC network,
composed of R9 and C5, which connects to both N- and P-channel gates, minimizes switching noise
and sharpens the square-wave output. Note that both channels contain power-supply elements to split
the incoming single-polarity voltage in half. Capacitors C3, C4, C7, and C8 make up a series-parallel
circuit that converts the 51-Vdc supply to 25.5 Vdc. The output can feed full-range 60-W rms speak-
ers, which demodulate the signal and produce an amplified audio output. (At peak output power, the
current draw for an 8-O dlrramic load is approximately 1.2 A at 51 Vdc.)

STABLE LM386 AUDIO AMPLIFIER CIRCUIT

0.1
c1

1otlF The circuit shown has compotrents installed
to improve the stability of the LM386 circuit. R2,
C3, C4, and C5 are sometimes omitted, Ieading to
instability with certain layouts. These compo-
nents should be used to ensure stability. Output
is up to 1 W, depending on supply voltage and
load impedance.
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TLC271

BC557B

MINIATURE AUDIO POWER AMPLIFIER

0 R1

R5

LSl

>4t)
T4

BD1 39

Us

LS+

Us

1 000!
16V

U6

ELEKTOR ELECTRONICS Fig.5-5

A compact audio power amplifier with low cuuent drain has many applications. These are the de-
sign basis for the mini amplifier. It continues working satisfactorily with a battery voltage dou,n to 1.5
V Its quiescent current drain is about 1 mA, and its efficiency is a r,vorthwhile 70 percent. It provides
an output power of 500 mW into 8 O (or 800 mW into 4 C)), has a sensitivity of 400 mV, and its distor-
tion is never higher than 1.2 percent. Because the output transistors have no emitter resistor, the volt-
age is determined solely by the knee voltage of T3 and T4. With a loacl of 4 to 8 0, these voltages are
limited to 0.2 to 0.3 V so that the transistors can be driven virtuatly up to the supply voltage. The over-
all bandwidth of the amplifier is limited to not less than 21 kHz at the maximum amplification of x5.
With a 4-C) Ioad, the peak output current is 700 mA. A 315-nLA fuse in series with the output is, there-
fore, a simple but effective short-circuit protection. At maximum drive with a music signal, the aver-
age current is only 50 mA. In operation the drive will never be continuously maximum, so the actual
current drain will be much lower. A set of four penlight batteries shouid last about 200 hours.
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rc1
1M386

SIMPLE AUDIO OUTPUT AMPLIFIER

2O1rF
OUTPUT

ELECTRONIC EXPERIMENTERS HANDBOOK Fig.5-O

This audio amphfier circuit has a gain of aboul 20. A supply of 3 to 12 \r can be used. Output is

up to about 1 W, depending on load impedance and supply voltage'

SIMPLE GUITAR AMPLIFIER WITH DUAL INPUTS

B5
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POPULAR ELECTRONICS Fig.5-7

This amplifier uses an LM386 IC and has two inputs, an input for guitar and a separate audio in-
put for a second guitar, a mike, etc. Power is supplied by a 9-V batterlr. Whiie headphones are indi-

cated, the amplifier will drive a small speaker. Output is around 300 to 500 mW, depending on load

and battery voltage.
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2.W STEREO AMPLIFIER
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POPULAR ELECTRONICS Fig.5-8

The amplifier is built around a ULN2274B dual audio power amplifier and provides a maximum
of 2 W of quality sound. Because the amplifier is composed of two identical subcfucuits, only one sub-
circuit will be covered. Resistor R5 sets the tone and it can be replaced with a variable unit; lower val-
ues of that resistor produce more bass. The bias is set by R6 and C4, and R7, R9, and C5 are feedback
elements. For a more realistic sound, R8 and C3 are used to roll off the high frequencies. Capacitor
C6 is a dc-biocking capacitor. The circuit chip requires from 6 to 26 Vdc without distortion.
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HEADPHONE AMPLIFIER FOR GUITARS

J,1
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ELECTRONIC HOBBYISTS HANDBOOK Fig.5-9

From the hard distortion provided by tl1-d and D1 and D2 to the stereo imaging accompiished
by U2, this is a guitarist's dream come true. Note that there is no power switch in the circuit; J1 turns
on the unit whenever an instrument cable is plugged in.

The main components in the circuit are two LM324 quad op amp ICs (U1 and U2) and two
LM386 power amp ICs (U3 and U4). The inputs to U1 and U2 are biased to a little less than half the
power-supply voltage by resistors R10 and R11. Capacitors C1 and C2 filter the power-supply and

bias voltages. J1 turns on the amptifier when the input plug is inserted. When an audio signal from an

instrument is input through J1, the signal is fed through coupling capacitor C3 to the tone-control
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HEADPHONE AMPLIFIER FOR GUITARS (Cont.)

circuit composed of U1-c, R2,R4, and C4. Frequencies above 1 kHz are amplified or attenuated de-
pending on the position of potentiometer R4, which is the tone control. Resistor R2 and capacitor C4
filter unwanted high frequencies. Audio level and overdrive are controlled by potentiometer R9; with
that level control adjusted to full volume, the circuit's final amplifiers are overdriven to produce a
soft distortion effect. To prevent any unwanted dc "swishing" noise, a coupling capacitor, C8, is used.
Switch 51 toggles between the clean and distorted signals. When 51 is on the CRUNCH setting,
diodes D1 and D2 and U1-d produce a distortion effect by clipping the amplified signal at 0.7 V. Fre-
quencies below 160 Hz are attenuated by R5 and C6. The amount of gain or "fuzz" is controlled by
R7 and potentiometer R6, and resistor R8 adjusts the distortion level to match the tone-control level.

HIGH-GAIN AMPLIFIER

+3V TO +SV @7il

R1
2*.

cm
INFM

qtr

0v

EVERYDAY PRACTICAL ELECTRONICS Fig.5-10
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EUr"ur-l

This high-gain inverting amplifier stage was designed to operate with a rail of betr,veen 3 and 30
V. It includes a bootstrap network (R1, C2), which serves to increase the gain of the stage to ap-
proximately 3000, as wel.l as offering a low-distortion output waveform at maximum amplitudes. The
input impedance is approximately 80 kV at 200 Hz, the output level is 80 percent at 20 kHz, and noise
at the output is 14 mV p-p. R5 and D1 were included to proportionately lorver the bias to TR1 to com-
pensate for any increases in the rail voltage; R5 can be omrtted and Dl shorted out if the rail is con-
stant. VR1 is adjusted to give sl.mmetrical clipping of the maximum output signal.
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MINI MEGAPHONE

The mini megaphone is composed of an elec-
tret microphone (MICl), an LM3B6 low-voltage
audio-power amplifier (U1), a horn speaker
(SPKR1), and a few other components.

Fig.5-11

l
J

RI
2.2K l-, 

u'
SPKRI

grl

c3
$a

t0K
YOr"rff

POPULAR ELECTRONICS

R9
L.7k

.r

DI
rN100t

L

D3
lN400t

TOA2006
rcl tc2 +

2006

R5 r8k R7 t8k

c2
lOyF

R4
lk

c1
220aF

D4

c6
1oP

R8
1k

D2
400r

Rtl 1Ek

AUDIO POWER BOOSTER
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ELECTRONIC EXPERIMENTEBS HANDBOOK Fig.5-12

The audio power booster is based on two TDA2006 audio IC power amplifiers. Power amplifier
ICl is used as what is virtually a noninverting amplifier, with the noninverting input of the device be-
ing biased to half the supply voltage by R2 and R3. Rb provides 10O-percent negative feedback from
the output to the inverting input of IC1 at dc so that the circuit has unity voltage gain and the output
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AUDIO POWER BOOSTER (Cont.)

is biased to the required level of hatf the supply voltage. C2 and R4 remove some of the feedback at
audio frequencies, and this gives a voltage gain of about 18 times at these frequencies. R1 is used at
the input of the amplifier to reduce the sensitivity to a more suitable leve1, and C1 simply provides
dc blocking at the input. IC2 is used in r,rrtually the same configuration, but its noninverting input is
not fed u'ith an audio signal and lt only receives the dc bias signal from R9 and R10. Resistor R11 cou-
ples the output signal of IC1 to the inverting input of IC2, and the value of R11 is chosen to give IC2
an effective voltage gain of unity. Hou.ever, as the input signal is coupled to IC2's invertlng input,
there is a phase inversion through thls section of the amplifier, giving the required antiphase rela-
tionship at the tr,vo outputs. Diodes D1 to D4 are protection diodes for the two ICs, while R6 plus C4
helps to prevent instabillty. Components C3, C5, and C7 are all suppiy decoupling capacitors.

MULTIPURPOSE MINI AMPLIFIER

cl
ON / OFF

INP UT 1

sl

+sKr

E 2tt1 t0 k

sx2
IN PUT 2

c3

r:l
?20n t00k

c2 Rt

CL R3

R2

c6

220 p

R7
t Ttt

er tl.
r r-.i-

sx3

llNPUr al

\,-l sx4
22n 'lM

c5
lorr

c7
1oP

EVERYDAY PRACTICAL ELECTRONICS Fig.5-13

This circuit uses trvo audio IC amplifiers, one for a preamp ancl one for a power output stage.
Three audio inputs are provided-low (1 mV), medium (10 m!, and high (100 m! input-to drive
a pair of headphones or a sma1l speaker. The LM386 is good for 0.5 W or more output, and a small
speaker can be connected dlrectly to the junction of C8 and R7. A series combination of a 22-d-t re-
sistor and a 0.1-mF capacitor should be connected between this point and ground to suppress pos-
sible high-frequency oscillations in this case.

43

!

R4
33k

R5
33t

lCt = LF3srN

JCz= LM386N-r

lf

,c,

c6

t vo LUME I

vRl
22k



U1A
+

U1B
+

PUSH-PULL AUDIO LINE DRIVER

1oko

Vrr.r

20ke2

-VrH

oP-2t5 2

301 o
Ra*

RB*

+ V9 = V111

+Vttt

2 301 O

*Ra 
= Re

1oko

10ke2

20ke,

ANALOG DIALOGUE Fig.5-14

A line driver for 600 0 can be configured from two IC op amps. UiA and UIB are Analog Devices

OP-275. These devices feature 1ow power consumption, low THD, and high slew rate.

ELECTRET MIKE PREAMP WITH PTT CIRCUIT

Mike
(RS 27o oso)

+5

2.2k4
+ 10 trF 0.1

1O trF
16't6 v

2N22224
NPN

SJkO

Q1

Mike Level
1k0

(RS 272 1436)
E4.7 kO

5l
PTT+ lJ30 n

5 ttF
16 V

OST Fig.5-15

The schematic of electret mike element and amplifier circuit. Al1 resistors are y-W units. The

mike connector is an RS 274-284.
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CRYSTAL RADIO AMPLIFIER

+9-l2V

e7

2.5K

EA

1K

ORYSTAL-SET
OUTFUT

R2
r0K *FKRl

POPULAR ELECTRONICS Fig.5-16

If you'd like to hear your crystal set at a comfortable, room-filling volume, hook it up to this
amplifier.
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6

Am pl ifier Ci rcu its-M iscel laneous

Th" ,or.""s of the following circults are contained in the Sources section, rvhich begins on page

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

Wideband Current Feedback Amplifier
Accurate Log Amplifier
Diff erential Amplifier
Wider-Bandurdth Photodiode Amplifier
Compression Amplifier
Op-Amp Bias-Precaution Circuit
Op-Amp Error-Source Circuit
Op-Amp Error-Current Measurement Circuit
Programmable Amplifier
Clamp Amplifier
LM3900 Ac Amplifier
Current Difference Amplifier
Current Difference Amplifier Usage Circuits
Powered Subwoofer
High-Gain Amplifier for Photodetectors
Car Stereo Subwoofer Crossover
Current Limiters
Stereo Audio Compressor
Op-Amp Response Null Circuit
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WIDEBAND CURRENT FEEDBACK AMPLIFIER

Btz

820

D1

BC5{8

Av66 = 50

Zsul = 140

8W = 50 ilHz

tJsp.p=18l/

Ussp = 5.0 U

Z;66>501

Attr6 = 1 + R6fr2 AYgm = 1 + B0/02+2ft )

Us56 = Vg6 - (Avgp(V;6m - V5s1)- tl6d x R0&)

ELECTRONIC DESIGN Fig.6-1

When using multipliers such as the LM1496 or MC1495, lolr.-value output resistors are necessary
to obtaln maximum bandwidth. This reduces the output sw,ing available, which necessitates a differ-
ential high-gain, wideband amplifier. The amplifier has a differential galn (A.. . "") of 50 and a band-
wiclthof about50MHz,givingitatotalgain-bandwrdthproduct ot2.SCHz.ttJilllpror,raesanourput
swing of 18 V p-p from a 112-V supply. T?ansistors Qi and Q2 form a dlfferential palr that drives Q3
and Q4. Feedback is provided to the emitters of Q1 and Q2 by R6, C1 and R7, C2, which bootstraps
the input impedance and sets the overall gain. Qb and Q6 provide about 15 mA of current each, pro-
viding most of the sourcing current for the load. The basic design equations are provided to modiftz
component values to suit different applications.

Simply envision the circuit is as a differentiai current-feedback ampllfier, with the low-imped-
ance port being the emitters of Q1 and Q2, and the current output as the collectors of Q3 anrl Q4.
Because the output is a bridge circuit and the maxlmum positive current is set by R6, R7 and Q5, Q6,
the output is short-circuit-protected between resistors R8 and R9. R1 can be replaced by a current
source to reduce the common-mode galn. The main criterion is to balance the currents at the emit-
ters of Q1 and Q2 to give a common-mode output voltage of Vr/Z. Some care should be taken rvhen
driving capacitive load because the circuit can oscillate under such conciitions.
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ACCURATE LOG AMPLIFIER (Cont.)

The Iog circuit consists of an instrumentation amp and an op amp together with a diode-connected
transistor that produces a voltage proportional to the togarithm of the current. A circuit consisting of a
voltage reference, an irstrumentation amp, and an op amp, together with a diode-connected transistor,
acts as a reference circuit. A thermometer IC, a flxed-gain instrumentation amp, and a dir,rder circuit
pror,rde the necessary temperature compensation and scaLing for a transfer function:

Y ,,r51.985 1og,,,(7,,/1 \)
Vntmust be set to 1.000 V and, ll'ith (.57.",, the gain adjust has to be set so that 7,50 V. Cati-

bration at Iow input voitage is done by changlng buffer A4's offset voltage.

DIFFERENTIAL AMPLIFIER

+

Vg

5l,

u out

vcmR

fig

1]'l

f,to

I trl

u56

x3

1ilC6084

ELECTRONIC DESIGN Fig.6-3

The differential amplifier shown handles conunon-mode voltages up to +24 V on a 3.3-V supply,
or up to -r40 V on a 5-V supply. It is handy when interfacing analog-to-digital converters (ADCs) or
data-acquisition systems (DASs) in 3.3-V or 5-V single-supply systems to inputs with a wide com-
mon-mode range. Differential amplifier X1 is the actual differential amplifier, and R1, R2, R3, and R4
are the gain-setting resistors. X2 forces the common-mode voltage at X1's inputs to zero with respect
to a quiescent biasing point provided by X3. The wide availability of dual and quad low-voltage op
amps permits implementations with a single iC package. Biasing at one-half supply, or at some ref-
erence weII within the supply rails, is necessary because positive-going. conunon-mode inputs re-
quire X2's output to swing negative. R5, R6, R7, and R8 should have impedance at least an order of
magnitude less than the gain-setting resistors of X1. The impedance relationship of R6 and R8 to
gain-setting resistors limits the use of this circuit to high-impedance differential-amplifier circuits.
Therefore, it is not well suited for wide-bandwidth circuits. The high impedances also favor the use
of JFET or CMOS input op amps.
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B1

68K

F5
390!(

t{b
39oA

ul

82
r0K

83
'1K

D1

a7
4"7N

R8
39K

a2

50

COMPRESSION AMPLIFIER

+9,'t 5V

1 N34A

'HA0lo$HACK f27n-?018

POPULAR ELECTRONICS Fig.6-5

Here's a compression-type amplifier that can be used to keep the volume level of an organ con-
stant. Unlike compressors used for public-address-system applications, the organ leveler can re-
spond to the entire range of frequencies generated by the organ without coloring the voice. It can
handle large fluctuations in input signal without clipping. It also works well as a microphone leveler.

OP.AMP BIAS.PRECAUTION CIRCUIT

H1

Von = llCACI

Itias = 50 lA

Vg 0PAl29
lbias = I lA

C1
50

R4
10K

+c.r
30

+

rl

+ycc

Voul

lbias

CpI
(a)

Aq =1

ELECTRONIC DESIGN ANALOG APPLICATIONS Fig.6-6

All amplifiers must have a dc path for input-bias current to return to ground (a). Without this
path, an amplifier will eventually drift to the output rail (b).
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OP-AMP ERROR.SOURCE CIRCUIT

Inoise

lloul

lg

vsensor

V6il = 
(Hgb + llgg + VsensorlAgl

Ag1= 1 + (R6fi1)

ELECTRONIC DESIGN ANALOG APPLICATIONS Fig.6-7

The basic error sources for an op amp are showrl referenced to the output. In high-source-im-

pedance applications, the input bias current terms can become quite dominant.

OP.AMP ERROR-CURRENT MEASUREMENT CIRCUIT

llcc

100 k

1T

lgg=v6iv;6sil I

150

ELECTRONIC DESIGN ANALOG APPLICATIONS Fig.6-8

Using an air-wired resistor-divider network, designers can make a precision femtoampere source

that can inject a known error current into the amplifier to check the circuit's accuracy.
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PROGRAMMABLE AMPLIFIER

@

o
R10

10

@

rov
I

lc'l = TL084

L1

1 00ttl

tc1 tc2
10n 10n

R2

10n0
5V

ELEKTOR ELECTRONICS Fig.6-9

The programmable gain amplifier (PGA) is ideal for applications, such as data ioggers and auto-
matic measuring instruments. The amplification can be set an5,.where between unity ancl x1000. The
bandwidth at any amplification is >30 kHz. The current drain does not exceed 7 mA. The input sig-
nal is buffered by ICla and then applied to ampiifier IC1b. The amplification of this stage depends on
how feedback resistors R5 to R8 are switched into the circuit byICZ. How the resistors are inter-
coupled depends on the logic levels at inputs A and B. The interrelation among the resistors, the to-
tal amplification, and the logic levels is shou,n in the table. After the output signal of IClb has passed
through the multiplexer, it is applied at xl00 amplifier ICld via buffer IClc. The overall amplification
is set with logic levels at inputs A and B as sho-o,rr in the table. The amplification of the first stage has
been kept 1ow purposely to ensure that the value of the feedback resistor cloes not have to be high,
which makes the effect of the leakage current of the multiplexer negligibie.
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1 0 100 (R6/R2) . (Re/Rlo)
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AD8037

0. lpF

v
0.1pF opF

uv

CLAMP AMPLIFIER

+5V

0.1 UF

v

vH

0.1pF

v
'100(2 $

r0pF

Vrx

vour

Rp
274t). vL -5v

ANALOG DIALOGUE Fig.6-10

A clamp amplifter is a limiting or bounding circuit. For input voltages between two levels, 7, and

Vt, the output is proportional to the input. For inputs greater than I/, or less than 7, (Vror 7r x the
amplifier gain, A,,), irrespective of the input. The threshold voltages, VrandV,, can be fixed or vari-
able. If the amplifier can handle positive and negative input/output voltages, 7, and V ,. can have any
positive or negative value within the specified range, as long as VH>V,_.

LM3gOO AC AMPLIFIER

I

+9V

RI
20K

C1

.1

Although the LM3900 current difference ampli-
fier (lC1) used in this ac amplifier really isn't a true
op amp, it does simulate one in its performance;
however, the IC lequlres only a one-polarity power
source.

Gain is R2,&1, and R3 is 2xR2.

2
ll4 Llt3000

TO
AC

n3
2,2 MEG

c2
,IINPUT

POPULAR ELECTRONICS

OI.fTpUI

Fig. 6-11
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C3
,lR1

10K

c1
6.8

CURRENT D!FFERENCE AMPLIFIER

+12VDC

n2
I IIEGvN

ff3
l MEO

POPULAR ELECTRONICS

This practical20-dB gain ac amplifier uses the LM3900 CDA.

+

c2,
4.1R4

,OKa
vo

Fig.6-12

3

l.Hl]000

CURRENT DIFFERENCE AMPLIFIER USAGE CIRCUITS

R''

cr

vH

,,.{

'od
o-f,_

Here a current difference amplifier is used
much like an op amp in an inverting follower cir-
cuit.

Here is a noninverting follower built around a
current dlfference amplifier.cr

R1

? -€

POPULAR ELECTRONICS Fig.6-13
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POWERED SUBWOOFER (Cont.)

The power supply consists of a center-tapped 48-V transformer, a bridge rectifier, and fllter ca-
pacitors. The rectified and filtered output is about r35 V. The power supply for op amp IC1 is regu-
lated to t15 V by zener diodes Dl and D2 and resistors R19 and R20. The input circuit consists of a
mixer and voltage divider formed by resistors R1 and R2, potentiometer R3, and unity-gain buffer
IC1-a. Potentiometer R3 is provided to adjust the output of the subwoofer to the desired tevel. Op
amp IC1-b provides a 12-dB-per-octave high-pass filter with capacitors C2 ancl C3 and resistors R5
and R6. The cutoff frequency for this filter is Ll2rRC, or about 34 Hz with the values shou.n. Resis-
tors R8 and R7 set the gain and Q of the filter. Capacitor C1 and reslstor R4 form an additional 6-dB-
per-octave high-pass filter at about 20 Hz. A l2-dB-per-octave lou-pass filter ls formed by IC1-c, C4
and C5, and R9 and R10. The values shov,n set the low-pass cutoff at 72 Hz. The gain and Q of this
stage are set by Rl1 and R12. These two filters, connected back-to-back, form a bandpass filter.
When operated with t15-V supplies, the output of op amp IC1-d can swing about 10 V peak to drive
transistors Q1 and Q2. Resistors R17 ancl R1B provide negative feedback, and set the gain of the out-
put stage at about 3. Hence, the output can swing to about 30 V peak. As long as the transistors are
the high-beta tlpes specified, the peak power output into an 8-O load is (30x30/8) 12556W rms. The
overall gain of the amplifier is set by resistor R13 and feedback resistor R14.

HIGH-GAIN AMPL!FIER FOR PHOTODETECTORS

1t4t-l'8t 101(

on
r,OLT'E

ELECTRONICS NOW Fig.6-15

Suitabie for photodetectors, laser experiments, or general use, this four-stage amptifier uses a
single LM324 quacl op amp. A 9-V supply is recommendecl.
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CAR STEREO SUBWOOFER CROSSOVER (Cont.)

at the output of IC1. The power-supply circuit, based on the 78L08 voltage regulator (IC2), provides
both an 8.6-V main supply and a 4.8-V bias supply. Diode D1 protects against negative voltage spikes
and incorrect hookup. Diode D2 biases the 78L08 regulator reference pin at 0.6 V to provicle an out-
put of 8.6 V, rather than 8 V.

CURRENT LIMITERS

fln
30t

vinA flil

10k
VouUt

2il3906 (Gain = -3 V/U)

B1

Rts

20k

V;pg 10 k UouB

2il3906
(0ain = +3 V/V)

R1

ELECTRONIC DESIGN ANALOG APPLICATIONS Fig.6-17

A user-controlled internal current limit on power op arnps isn't always provided by manufacturers.
However, the current limit can be set externally by using the technique shown, in which the output cur-
rent is sensed with a single resistor. The resistor activates a complementary transistor switch that re-
duces inverturg gain,Iimiting output current. The technique is demonstrated with 8-pin OPA2541 or
OPA2544 dual-power op amps that are lacking an internal user-controlled current limit. The external
components add an adjustable current limit to these ampliflers. The PNP transistor controls the posi-
tive current limit, and the NPN transistor controls the negative current limit. Both transistors are OFF
until the voltage drop across,E, reaches the current-limit set point. At the current-limit set point, cur-
rent from the controlling transistor will sum with the input current (though E) at the op amp's in-
verting input summing junction. This will limit the output. The diodes in series with the collectors of
both transistors prevent forward base-collector bias. High-frequency oscillation during current limit is
damped out with the 1000-pF capacitors. These capacitors only nominally affect the conflguration's
closed-loop bandwidth because the diodes, which are normally off, isolate them.
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STEREO AUDIO COMPRESSOR
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vcA

RECTIFIER
LOG CONVERTEH

AUOIO

THRESHOTD

OUTIN

STEREO AUDIO COMPRESSOR (Cont.)

AUDIO

SIDECHAIN
RETURN

+V

RATIO

ELECTRONICS NOW Fig.6-18

The block diagram of the stereo compressor is shown. The input signal is fed to a voltage-con-
trolled amplifier (VCA) that has a nominal gain of unity. Some of the output srgnal is fed to a preci-
sion rectifier followed by a logarithmic converter circuit. The output of this block is a dc voltage
proportionai to the log of the average level of the input signal. By sending some of this dc control
voltage to the VCA, the gain of the VCA is automatically reduced when the input signal exceeds a
user-determined threshold level. It is important to note that the signal level is determined after the
VCA and not before. This allow-s the output level to increase and sound normal, but not increase as
much as the input signal does. By varying the amount of feedback, the compression ratio is adjusted,
which, in conjunction with the THRESHOLD control, determines the operating characteristics of the
compressor. The optional sidechain jacks permit external processing of the audio signal or substitu-
tion of a completely different audio signal as the control signat. This add-on circuitry lets the user ex-
periment and achieve some useful audio effects.
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cLc404

OP.AMP RESPONSE NULL C!RCUIT

+5l/

Bi ti 
v;
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l,o
200 8.17pH

187 I
prf.ci + t00

50

50 Rg
500

'-5 v

,l.06 
pH cg

ELECTRONIC DESIGN ANALOG APPLICATIONS Fig.6-19

A sharp nu11 can be achieved in a current feedback op amp's frequency response by adding a

sharp cutoff filter. The response is modified by adding a resonant circuit in series with the gain-set-

tin8 resistor -Er.
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7

Amplifier Circuits-RF

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

1.8- to 7.2-MHz Power Amplifier
25-W Solid-State Linear Amplifier
Bidirectional RF Amplifier
General-Purpose Wideband Preamp
Lorv-Noise 9-MHz AGC-Controlled Amplifier
Receiver Preamplifier
Receiver RF Preamp
RF Preamp Supply
Combined MMIC Amplifiers
Cascaded MMIC Amplifier Circuit
MMIC Amplifier Circuit
Simple MMIC Amplifier Circuit
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1.8- to 7.2-MHz POWER AMPLIFIER

J7 J8 (Vps
3)J3 J4( voot)

RI
cl

D
7

DI

c

Rl9

c22

c3

l-)
+

R6
7/7n

ll"
c6

R18

c24

D

A
c5ffi R4

R7

c0

0

OUTPUT
J2
RFc28

o5

c26 TIJI
RF INPUT

12

27
o6

c8
c23

R2l
c25

1l

D
R8

COMMUNICATIONS QUARTERLY Fig.7-1

A novel approach to a 250-W power amplifier (PA) is shown. The driver uses a pair of low-cost
ICs, rather than the conventional RF transformer to provide out-of-phase driving signals for the two
final MOSFETs. It also provides hard limiting (sine-wave-to-square-wave conversion) of the input
signal. The Elantec EL7|44C is intended for use as a gate driver. The internal Schmidt trigger al-
Iows it to serve as a hard limiter, and the presence of both inverting and noninvefting inputs allows

a pair to serve as a phase splitter. The RF input is ac-coupled to the floninverting input of U1 and

the inverting input of U2. Adjustment of the biases via R6 and RB allows the transition points to be

selected to produce the desired duty ratio (50:50). The phase error between the two EL7144s is

about 0.5 ns. (If an oscilloscope is not available, use a voltmeter with a 1-kQ series resistor and set
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1.8- to 7.2-MHz POWER AMPL|F|ER (Cont.)

the average output voitage to 6 V.) The EL7144s have high input impeclances, so R5 provicles a 50-
V input impedance for the signal source. Input signals in the range of 10 to 100 mW are satisfactory,
allowing this PA to be driven directly from a laboratory signal generator or oscillator with buffer.
The best switching speed is obtained with VDDl=12 V. Output transistors are ARF440 and ARF.441.
See parts list.

Reference Designator

C1

SKR33OM1HEi1V
C3

c4-c27
c28

Part Description

33-U4 50-V e1ectrol1tic, Mallory

20-pF, 250-V electrolytlc, N{allory TT25OM20A
0. 1-rrfl 50-WV chip, ATC 2008 104NP50X

5.1-V, 0.25-W Zener, 1N751A
BNC female bulkheacl
Recommendecl: Amphenol 31-5538
Used: RF Industries RFB-1116sru
European-style binding post, Johnson 1 1 1-0104

3.5-pH, 7 tums #24 enameled lvire on l'erroxcube
768XT188 4C4 toroid.

'ii-channel MOSFET, APT ARF4,10
'rz-channel MOSFET, APT ARF441

330-O RC07
1O-kQ RC07
51-kf, RC07
1 kf) trirnpot, Bournes 3299X,1-102
,1.7-k0 RCO7

One Ceramic Magnetics 3000-4-CMD5005 block of
CMD5005 ferrite

Schmidt trigger4imiter, Elantec ELT 144C

Aavid 5802 clip-on
Aavid 61475, 6.5-in wide by 4-in long

Augat 208-AG 190C

Approximately 6.5-in wide by 8-in tong

Out from plastic L
Cut from plastic L

Alumirrum tlrreaded spacer, 4-40 x2 in (Ke_vstone 2205)

DI, D2
JI, J2

L1

L2

J3, J4, J7, J8

Q5
Q6

Rl, R2

R4
R5

R6, R8, RI8, R2O

R7, R9, R19, R21

T1

U1, U2

Heatsink for DIP IC
Heatsink for Q5 and Q6

IC socket, 8-pin DIP (4)

PC board

Plastic bracket for L2
Plastic bracket for C28

Feet (6)
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BIDIRECTIONAL RF AMPLIFIER

l?
uilo clo

L2 c? CBoa 6.* 0.la

ttrt llil.cr
cte lI't tltt ntuf

,Lf

Fig.7-3

JFETS can of[en be used with the source and drain interchanged. ?his interesting circuit makes
use of this fact as a bidirectional RF amplifier at70.0455 MHz. It is useful for transceiver applications.

GENERAL-PURPOSE WIDEBAND PREAMP

ett?
cElcar

u,ri,Lt

ct
J6

t2
,'g

L{
tB

FI
6A

o,
+l2t/

fx
hr

rl8l,
q,

RI
68

Tx
h.

(:t
ctr

crt
t

-+Tr+
RF DESIGN

Parts placement is not
parlicularly critical-as long as
the input and oulpul are well
separaled-and may be lard
out basically as the schematic
is drawn, with a ground bus
around the penmeter ol the
board.

B6 is an optional 1 K-ohm gain control
that may either be placed in parallel
with, or used instead of, fixed resistor
B2 to allow lor variable gain output.

The preamp's gain may also be
reduced by inserting an appropriate
input or output tixed resistive pad.

1
VDC

+

R5

+
c5

F3 +
cl

lnput

+
+

+

\ Output

a2

73 AMATEUR RADIO TODAY Fig.7-4

This preamp has a gain of 35 dB at 100 kHz, 30 dB at 10 MHz, and 17 dB at 100 MHz and draws
15 mA at 72Y.
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LOW-NOISE 9-MHz AGC-CONTROLLED AMPL|FIER (Cont.)

The circuit diagram of the 9-MHz amplifier is given. Note that the AGC amplifier must be capa-
ble of sinking the current through D1 at 0 V (i.e., maximum gain). The \trarning to keep leads short
in the drain circuit of the second 11310 FET arises from experience in which the initial IP3 measure-
ments proved to be poor because of this stage's oscillating around 400 MHz.

Component notes: The tu,o U310s are Siliconir low-noise JFETs. C1 is an B2-pF ceramic, C2 is a
60-pF ceramic trimmer (Cirkit), and all other capacitors are monolithic ceramic (RS components).
Resistors are 1/8 W metal film (RS components). Dl and D2 are HP3081 PIN diodes (Farnell). T1 is
1513 turns of 0.224-mm diameter Biceiflux enamel on Fairite Balun core 28-13002402 (Cirkit). T2
(primary) is 2.81 pH, 31 turns of 0.314-mm Bicelflux enamei on Micrometals toroid T37-6 (Cirkit).
T2 (secondary) is (1) for 16-dB gain,3 turns, Rx 6k2; (2) for 13-dB gain,4 turns, Rx 3k9. Note that
(1) and (2) could be relay switched for use with an SSB or CW filter (loss 10 dB or 3 dB). L1, L2, and
L3 have 7 turns of 9.314-mm enamel on balun core 28-43002402 (Cirkit).

RECEIVER PREAMPLIFIER

C6 I0 UF
+9V

+

IUF
C5

RI
5.6k 02 t uF c.l

C3

cl .r
Output

lo
ReceiverIUF

lk
R6 Ql 2Nle01

Ql 2N.1906

73 AMATEUR RADIO TODAY Fig.7-6

This preamplifier Iets you use a short antenna over the range from 100 kHz to weII over 55 MHz,
with excellent sensitivity, using a vertical 30-in piece of #72 wire or a fery feet of wire layirLg on the
floor. T?ansistor Q1 (NPN) is directly coupled to PNP transistor Q2. Feedback from the collector of
Q2 to the emitter of Q1 is accomplished by resistors RF and RA. Because of the high open-loop gain
of the amplifier, the gain of the amplifier isEo/Ro, or 20 dB maxirnum. A 1-kO potentiometer changes
the effective value of Eo, resulting in a minimum gain of near unity.
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RECEIVER RF PREAMP

iA 22

C3

.9 to 14 vdo
-l R1

01

HJ

c1
.1

el

'\1

'\2

G

to orlglnal antenna connectlon
io

1

0rlglnal

Radlo

01 - NTE123

All Caps ln MFD

73 AMATEUF RADIO TODAY Fig.7-7

The RF broaflband preamplifier uses an NPN VHF transistor as an untuned broadband (0.5 to 30

MHz) RF amplifier. lnpr-rt impedance is 50 0, allow-ing usage for all receiver inputs, and the unit has

a 600-O output to match virtually al1 RF input circults. The preamp delivers 30 dB of gain at 10 MHz,

with a noise factor below, 1 dB. Porver for the prearnp can be obtained from a variety of sources. The

assembly requires from 9 to 14 Vric and clraws 8 mA of current. This makes it ideal for use in battery-

operated portable equipment.

RF PREAMP SUPPLY

0ut D2 ln

126
vac

12vdc m 1 2vdc

63
,1

C9vac

Gnd Gnd

All dlodes 1N4001

U1, U2 = 7812 . See Text

73 AMATEUR RADIO TODAY Fig.7-B

Eariy tube-type receivers used filament voitages of 6.3 and 12.6 Vac, but had no iow-voltage dc

power supplies. The figures show- how to "borrowJ a little of the filament voltage, which is rectified
and regulated to prol,rde 12 Vdc for the preamp. In the 6.3-Vac version, diodes D2 and D3 act as a

simple voltage doubler to step the input voltage up to approximately 15 Vdc. While the 220-p"F ca-

pacitors used for the voltage doubler are sufficient for the load presented by the preamp, they will
not provicle the 115 V dc to the input of the regulator at more than about a 25-mA load. If other cir-

cuits will be used with these dc power sources, then the 220-p"F capacitors should be increased ac-

cordingly (2200 fif wil1provide about 65 m-A regulated output).
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COMBINED MMIC AMPLIFIERS

lnput Output

RF DESIGN Fig.7-9

Quadrature combining, practical in microstrip, can be used to obtain a meclium power output
from several MMIC amplifiers.

CASCADED MMIC AMPLIFIER CIRCUIT

Vcc Vcc

RFC RFC

ln Out

RF DESTGN Fig.7-10

Most MMIC ampffiers can be cascaded, with dc blocking as the only interstage connection
requirement.
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Rcb

MMlC AMPLIFIER CIRCUIT

Out

The addition of a series dropping resistor al-
lows operation at higher supply voltages.

Fig.7-11

RFC

,"--]

RF DESIGN

Vcc

SIMPLE MMlC AMPLIFIER CIRCUIT

Out

This is the simplest implementation of an
MMIC amplifier.

Fig.7-12

RFC

ln

RF DESIGN
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I
Amplifier Ci rcuits-Vacu um Tube

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

Single-Ended Hi-F'i Amplifier
\roltage-Controlled Amplifier Stage
Audio Amplifier

73
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VOLTAGE.CONTROLLED AMPLIFTER STAGE

22t
OU?PUT

220K
0.5\\.

V1
604 OR
HAIF EC',]82

AIIDIO IN r

47n100tr

CW

220k
LOG, +lV FTITJY ON

WHEN OFF

Gain is controlled by a vari-
able negative grid bias in this am-
plifier stage.

\roLLTME

EVERYDAY PRACTICAL ELECTRONICS

220k

OV

D,(], (]ONTROI,
-]V 0FF
l8\i.['sT a]\
0. I 5\. FLILL! ON

Fig.8-2

1

B2
47rl

n1
25(}

HS

w
00Fx6

T1'

F8IIE"' PTITE/*EEEX

AUDIO AMPLIFIER

OUTPUT

Fig.8-3

INPUT

Some hobbflsts stilI prefer to use older
vacuum tube technology. A push-pull audio
amplifier using a pair of 60FX5 tubes is shown
in the figure. Tl is a 1:3 audio interstage, while
T2 is a universal output transformer of about
5000 O to voice coil (4 or B O) impedance.

,SEE TEXT

ELECTRONIC HOBBYISTS HANDBOOK
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I
Analog-to-Digital Converter Ci rcu its

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

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

ADC Controlling Digital Potentiometer
Analog-to-Digital Converter Circuit
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ADC CONTROLLING DIGITAL POTENTIOMETER

Pin 1 can be elther grolnd or -5 V

+5V

A0c0833

HO

I
< 10l(

Io

WO

RA (2.2 k)

88 (5,0 r)

SABS- comes high) t0
\/
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Data Oul -

ln
0igital

G I{D

1l'l336

2.5 t, 2.2k
555

0.01 pt C (500 pf)++
ctl(

cs

tl7 06 05 ll4 03 02 l)l 00

itsE

ELECTRONIC DESIGN Fig.9-1

This design was created to control a DS1267 digital potentiometer with an analog signal. The
DS1267 is a dual-pot chip, but this deslgn wili enable control of oniy one section. Here, the analog-
to-digital converter (ADC) used is an ADC0833 S-blt serial I/O converter with a four-channel multl-
plexer. The analog input to channel 3 of the ADC is employed. The timing dlagrarn illustrates the
operation of the circuit. A negative start pulse on the chip select of the ADC starts the sequence (the
puise must stay low for at least 14 clock pulses or until the ADC's SAR Status line comes high). The
next five clock pulses perform various housekeeping in the ADC. The Data Out llne comes out of tris-
tate on the negative edge of the fifth pulse, and the SAR Status line comes high to signal a conver-
sion in progress. The first bit on the Data Out line is a leading zero for one clock perlod. Data is
ciocked into the DS1267 on the positive edge of the clock pulse. The input format for the DS1267 re-
quires that the first bit determine the stack select (used in the DS1267 u.hen the two pots are com-
bined) and the following 8 bits provide data. foilowing transmlssion of these 9 bits, the SAR Status
line goes high, disabling further input to the DS1267 (the ADC0B33's output format continues trans-
mission of 8 more bits of the conversion in reverse order, but the DS1267 ignores these). Input range
for the ADC is 0 to 5 V. Pin 1 of the DS1267 is shown tied to ground (for pot connections referenced
to ground; however, -5 V can be used to provide a range of 15 to -5 V on the pot).
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ANALOG-TO.DIGITAL CONVERTER CIRCUIT

01

DO

EFR

o2

TO PC
PARALLEL

PORT

c1
o.47

33012

GNO

ELECTRONICS NOW Fig.9-2

A working circuit that uses a PC parallel port to receive data from a 10-bit analog-to-digital con-

verter (ADC) (Texas Instruments TLV1549) is shown. A fourth wire for reset can be powerecl from
a logic-level signal. In fact, if your printer port produces 5 V (not all do), you can use the more-com-

mon TLC1549. Resistor R1 reduces transmission errors by isoiating the ADC from the cable capaci-

tance; it might be untrecessary if the cable is short.
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10

Antenna Circuits

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

Antenna Ttning Indicator
Low-Power Antenna Ttner and SWR Meter
Op-Amp Antenna Amplifier
1O-GHz Waveguide Test Antenna Setup
Balun Box
Microwave Refl ection Antenna
Antenna Noise Bridge Detector
Inverted Vee Antenna
Swept Oscillator for Ham-Band Antenna Tuning
40-m Loop Antenna
Undercover Scanner Antenna
800-MHz Antenna
10-W Dummy Load
Coaxial Line Balun
Toroidal Tlansformer
Simple Artenna T[ner
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ANTENNA TUNING INDICATOR

TRANSCEIVER
OUlPUT

J2

ANTENNA
ruNER

J3
OPERATE

51A S,IB

DUMMY

750 0

51 0

TUNE

z!9_8
3W

R1BR1A

3

ANT
J1

R2 R4

51 0

c1

MI

01

1N34 O.O1 1tF

R6 10 k0
SENSITIVIW

R3
51 A

R5
2.2krl

C1 , C2-0.01-pF general-purpose ceramic
capacitor

D1-Germanium diode (1N34, 1N60'
1N270 or equivalent)

J1-J3-Coaxial iacks
M1-0-50 or 0-100 pA dc meter
R1A, R1 B-750-o, 3'W, s%-tolerance

metal-oxide film resistor

0-100
0.01 pF

R2-R4-51 -O, t/z-W, Solo-tolerance carbon-
lilm resistor

R5-2.2-kO, r/z-W, S%-tolerance carbon-
film resistor

R6-1 0-kO, linear taper potentiometer
S1 A-Double-throw, double-pole (DPDT)

toggle switch (l used one rated for
120-V service)

OST MAGAZINE Fig.10-l

The stealth antenna tuning indicator consists of a sensitive reflected-power bridge and indica-
tor (R2 to R6 and associated components) and a switch (Sl) that lets you route your transceiver's
power into a dummy antenna (TUNE) or your antenna system (OPERATtr). One more component,
R1 (a resistance consisting of two separate 3-W resistors, R1A and R1B), leaks just enough of your
transmitter's power to the bridge and your antenna system to allow low-interference tune-up when
51 is set to TUNE.
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LOW-POWER ANTENNA TUNER AND SWR METER

f 335 pf
OUT

ZI
4',t

-----

a-'

I
,
! Fwd

IN
I

il Ref

0l

1 N34A

i0K 12 Position
(Radio Shaek

r0K

.0r

* Two 100 ohrn 2 watl. resislor.- irr parallel
+* Two 50 ohm 2 wall resrstors in series

73 AMATEUR RADIO TODAY Fig.10-2

The SWR meter is a variation of a resistive bridge. Thrs circuit has the advantage of providing
high sensitivity at lolv power inputs. Its disadvantage is that the maximum power that can be ap-
plied to the circuit is limited by the power drssipation of the 50-O bridge resistors because 75 per-
cent of the transmit power is absorbed by these resistors under perfectly matched conditions. In
this circuit, a DPDT switch adds in a 100-O resistor only for SWR readings, allowing the circuit to
proi,rde a reasonable SWR for your transmitter even during severe tune-up conditlons. Additionally,
you have minimum insertion loss ir-r the FORWARD position because the 1-kO bridge resistors per-
mit you to always indicate forward relative po\ver and calibrate the fu11-scaIe reading for SWR mea-
surements. The antenna tuner itself is a standard T-type tuner utilizing a pair of 335-pF' miniature
transistor radio variable capacitors and a toroidal inductor, tapped as shou,n in the figure. To actu-
aiiy make the taps, simply wind the toroid with 40 turns of #24 wire, and then scrape the outer sur-
face of each appropriate turn with a hobby knife to clean off the enamel insuiation. Then tin each
wire turn, and tack-solder tap wires to them.
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OP.AMP ANTENNA AMPLIFIER

7,er4?5 FaR srRo/1/d
,/-oc-4L -5/O/d4,/-9

/ooa ,R€CE/YER

D /ooa

A,u76c/F

/ek
22PF

/ook

r''?)/
) y*oo,/o,

o4pF

/d

a
/.rF

/ 30 /)-
7'.)

/QAaE //E,a

y*

Yo-oc/

ELECTRONICS NOW Fig.10-3

The impedance of a random-wire antenna at broadcast-band frequencies will be several kilohms,
a poor match fbr the 50-0 input of a receiver. Also, the inputs of multiple receivers can't be con-

nected directly to a single antenna, or they'll detune each other. The circuit solves both problems.

The first op amp overcomes the impedance mismatch, strengthening the signal greatly even though
it has no voltage gain. The rest of the op amps feed the signa}s to the separate receivers. No low-pass

filter is needed because the gain of these op amps drops off sharply above 2 or 3 MHz.

1O.GHz WAVEGUIDE TEST ANTENNA SETUP

Use any
@nrenieil length
ol Rc-typ€ @dSmall

Antenna
Horn

waveguide
Frequency

Meter

Diode
Oetector
Mount

Meter
Amplifrer

73 AMATEUR RADIO TODAY Fig.10-4

This waveguide test antenna, r,vavemeter, and meter amplifier setup uses a small horn antenna
and a variable commercial waveguide frequency meter to determine RF frequency. Rf is sanipled
with a detector and displayed on an amplified meter for sensitive meter indications.
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TO
BALANCED
ANTENNA

BALUN BOX

Here's the connection box for making a 4:1
coaxial balun. It is intended for mounting on the
antenna center isolator.

& &+::ri
ll
!rlt

==:-l-]

coAxT0
RIG OR

BECEIVER

POPULAR ELECTRONICS Fig.l0-5

MICROWAVE REFLECTION ANTENNA

RGl74

Use 9V battery and 5V regulator
or 4 'AA'cells and rectitier diode

73 AMATEUR RADIO TODAY Fig.10-6

Originally used for 1O-GHz microwave transmitter testing, this antenna modulates a received sig-
nal with 30 MHz and reflects it, producing a srgnal component 30 MHz offset from the incident signal
for reception and dish-airning tests.
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ANTENNA NOISE BRIDGE DETECTOR

02 Q1

s1

:+u R3

c1J1
R2
Gain

Band

S1

L1 L2

73 AMATEUR RADIO TODAY

R1 D1 c3C2
Tun€

Fig.10-7
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Parts List

BT1 9-Volt alkaline battery
C1 100 pF mica or poly capacitor

C2 140-150 pF variable capacitor

BT1

C3 0.1 pF disc capacitor
C4 0.01 pF disc capacitor
Dl,D2 Germanium diode: 1N34,

1N60, 1N90, 1N270, etc.

,l SO-239UHFfemaleconrcctor
(or builder's choice)

Ll 33 turns #26 enam. wire on
T50-2 toroid (40-30 meters)

L2 ll turns #26 enam. wire on
T50-2 toroid (20 through l0
meters)

Ml l0O or 200 pA meter (see

text)

Ql NPN small signal transistor:
2N2222, 2N3904, 2N4124,
etc.

Rl,R3 10k 57o l/4 Watt resistor
R2 100o Ohm linear taper poten

tiometer, with switch 52
Sl SPDT toggle or slide switch

(Bandswitch)



ANTENNA NOISE BRIDGE DETECTOR (Cont.)

The circuit is illustrated in the figure. The noise output from your antenna noise bridge is applied
though a coax jumper cable to Jl, an SO-239. Thls noise, which usually will peak slightly below 1.0 V,

is broadband white noise and is fed though C1, a 100-pf capacitor, to a pair of small-signal diodes
connected as a rectifier/voltage doubler. The rectified dc voltage, filtered by C3, an 0.1-pF'disk ca-
pacitor, is then applied to the base of a small-signal NPN transistor (Q1), which serves as a meter am-
plifier. Meter M1 is a 200-pA meter. It monitors collector current through Q1. OrVoff switch 52 is
mounted on the GAIN control, which, in series with R3, forms a voltage divider across battery BT1,
a 9-V battery, which powers thls instrument. The GAIN control is u,ired so that the wiper travels from
the end of R3 to ground as the knob ls rotated clockwise. This sets the emitter bias and the point at
which Q1 will go into conduction as rectified noise voltage rs applied to the base of Q1. The current
drain from the battery is approrimately 8 pA with no input, lncreasing to slightly over 200 pA with
the meter at full scale. With such low'current drain, an alkaline battery should last for years, even if
you forget to turn the instrument offl This instrument covers the range from below 40 m to above 10

m in tu,o bands: 40 and 30 m, and 20 17-15-12-10 m. Bandswitch S1, an SPDT toggle or slide switch,
selects the frequency range. The tuning capacitor C2 is a small 150-pF air variable.

INVERTED VEE ANTENNA

E lements

ELECTRONIC EXPERIMENTERS HANDBOOK Fig.10-8

The inverted vee antenna is widely used by SWLs and radio amateurs. It has the advantage of
needing only one support and can be fit into somewhat smaller spaces in some instances. A balun
having a 1:1 impedance designed for 50 f,) can be installed at the feed point for improved perfor-
mance, if desired.
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SWEPT OSCILLATOR FOR HAM-BAND ANTENNA TUNTNG (Cont.)

decreases from approximately 62 pF at the low end of the ramp to a very low value at the maximum
sweep level of about 9.2 V. The on-off switching action of the sweep waveform modulates the gener-
ated RF to produce an obnoxiousbttzz, which is easy to differentiate from other low-level signals at
the selected receiver frequency when adjusting the tuner or antema.

4O.m LOOP ANTENNA

365pf

Tl" OI'TPUT

.$EE TEXT

POPULAR ELECTRONICS Fig.10-10

A cliff-dweller's dream, this 40-m loop can get apartment-based hams.on the air. It also makes a
great receiving antenna. The matching transformer, T1, is wound on T50-2 toroid core. The primary
consists of 4 turns of 18-gauge enameled copper wire, and the secondary consists of 12 turns of 20-
gauge enameled copper wire. Close-wind the secondary and the primary and make sure that the
two windings do not overlap.
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UNDERCOVER SCANNER ANTENNA

ANTEl,ll.lA)

The figure shows the schematic for the an-
tenna circuit. Because the circuit is passive, no
power supply is needed. Plug PLl connects to the
audio output or earphonejack ofa scanner. The au-
dio srgnal is then fed to J2, the earphone/antenna
jack ofthe circuit. A 0.1-pf capacitor, C1, connects
the center ("hot") terminal of J2 to a BNC jack, J1.

\['hen an earphone is plugged into J2, C1 feeds RF
from lhe earphone wire to the front end of the
scanner, through J1, without directly connectlng
the audio circuit to the receiver. An earphone con-
nected to J2 will therefore both provide audio and
act as an antenna.Fig.10-ll

(TO SCANNER
ANTENT{A PLUG)

POPULAR ELECTRONICS

800-MHz ANTENNA

POPULAR ELECTRONICS Fig.10-12

Ttris simple quarter-wave antenna can improve performance on the 800-MHz band and can be

built in just a couple of hours.
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To TBt -rl

1O-W DUMMY LOAD

,47 LAMP
RS272'1110

This dummy load was intended for tune-up of
a 10-W CW ham rig. It should be useful for general-
purpose applications in the HF' range. The spade
Iugs shown can be replaced with a UHI'connector
for more versatilitl,,. The lamp acts as a relative
power indicator.

Fig.10-13

SPADE LUGS corrr
\ rla

ic fBt{

73 AMATEUB RADIO TODAY

(4)R r80ft 2w
OH

ma?fi

BALUN

RE

POPULAR ELECTRONICS

It)
RG Ofl

RECTIVEF

COAXIAL LINE BALUN

A coaxial cable 4:1 balun transformer can be
made from 75-C) coax cab1e.

Remember that the electrical length of the
balun section is a half wavelength at the operating
frequency. This is about equal to the physicai
length times the veiocity factor of the cable, plus
any effect the connections might have on these
Iengths.

Fig. t0-14
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R

BATANCED
4R

BALANCED

TOROIDAL TRANSFORMER

UNBALANCEO
R

a a

9R

R

c

UNBALANCED UNBALANCED

POPULAR ELECTRONICS Fig.10-15

The several tlpes of impedance-matching transformers are: 1 : 1 balun (A), 4: 1 balun (B) , 9: 1 un-
un (C), and 16:1 un-un (D).

SIMPLE ANTENNA TUNER

R

IA

R16R

D

J2J1

IHPUT

POPULAR ELECTRONICS

OT.lTP$T
This simple tuner can properly match any-

thing from a bedspring to a long-wire antenna. Be
sure to use a voltage-transmitting-type unit for Cl
if more than 5 W of output power is to be used.

Fig.10-16

*0 - 60trfi
L1

ct
3€5pF
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