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Preface

This latest volume of The EncycLopedi,a oJ'E\ec:tro'ni,c Circui,ts contains approximately 1000 new
electronic circuits that are arranged alphabetically into more than 100 basic circuit categories, rang-
ing from "Active Altenna Circuits" to "Weather-Related Circuits." When taken together w-ith the con-
tents of the previously published six volumes, w'e 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 an).where.

We wish to express our sincere gratitude and appreciation to the industry sources and pub-
lishers r'vho graciously allowed us to use some of their material. Their names are shown wrth 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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32

Doubler Circuits

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

Simple Frequency Doubler
Digital Logic Frequency Doubler
Digital Frequency-Doubler Circuit
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IN

OIJT

OUT

lCl-a
1t474HC8a

SIMPLE FREQUENCY DOUBLER

This circuit uses only a single exclusive-OR
gate and a couple of passive components. The
width of the output pulses is determined by the
time constant of the RC network, and the maxi-
mum input frequency cannot exceed '{PC.

Fig.32-1

ct

N

ELECTRONICS NOW

IN

DIGITAL LOGIC FREQUENCY DOUBLER

-a

This circuit can be used if very high frequency
operation is needed, or if very narrow output
pulses can be tolerated. The output pulse width is

determined by the propagation time delay of the
exclusive-OR gate, and the input frequency cannot
exceed Z (delay).

1/47tHC86

Fig.32-2

OUT

6

lcl-b
il174lrc88

ELECTRONICS NOW
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1/674LS04 1/674LS0{

5

tc2-b
1/6 741"S04

lC24
1t67aLs(A

o1
1Nlrl4

lC2-a
7'll-s04

D2
1N914

R1
1K

DIGITAL FREQUENCY.DOUBLER CIRCUIT

F,n +5VDC

Four - FN x2)

1/6 74LS&

ELECTRONICS NOW Fig.32-3

The 74LS393 is designed to advance one count on the positive-to-negative transition of the
pulse at the clock input (pins 1 and 13). An inverter in front of the B section of the counter causes
the B section to advance one count on the negative-to-positive transition of the rnput pu1se. Each
section of the counter is cleared wlth a positive-going pulse on the master reset input (pins 2 and
12). Positive-going output pulses from pins 6 and 10 of IC2 reset the respective counters. The du-
ration of the pulses depends upon the propagation delay of the inverters. With the 74LS04 hex in-
verter, delay will probably be in the vicinity of 20 to 25 ns. The output pulses are also connected
to the remaining inverter gate through switching diodes and a pull-dornn resistor, which configures
the remaining inverter as a NOR gate. The output at pin 8 of lC2 represents the input frequency
multiplied by 2.
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33

Driver Circuits

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

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

Low-Distortion Line Driver
TWo-Terminal Piezo Device Driver
Simple Lamp Driver
R/C Ser-vo Sweep Driver Circuit
R/C Seruo Driver Circuit
12-LED Sequentia} Driver
60-LtrD Sequential Driver
MOSFET Gate Driver
Piezoelectric Driver Circuit
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LOW-DISTORTION LINE DRIVER

.h
Cltl adiacenllo U2

0.1

cl

a,

+

+

GI

100 pF

lor ESR

cl
100 pf
lou tSl

U

v
0.1

ua
t0E1slY

86 19.9

0nSul lor

R2

ELECTRONIC DESIGN ANALOG APPLICATIONS Fig.33-1

This low-distortion driver circuit delivers up to +0.5 A and is suitable for loads of 10 O and up.
Using a low-offset, low-bias-current input stage, the driver can be entirely direct-coupled. Gain is
equal to 1+R2/Rt.

TWO.TERMINAL PIEZO DEVICE DRIVER

L1

lnpul

lnpul

lor

1T

c1
.00t

ot

R:I
1K

V+

TWo-terminal devices can be driven by tr,vo

NAND gates. A booster coil is used to compensate
for the sound-pressure attenuation caused by the
CASE.

ACTVAnoN
SIGML

POPULAR ELECTRONICS

Ll
65d{

Fig.33-2

{

u1t

s m8eilt
3,9 pH

5

1t(optionaU

100

R{

R2 R1
t20K
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SIMPLE LAMP DRIVER

/2y
/2,5 024
LAI1P

/2f.rlA

* €@!1

6t/

ELECTRONICS NOW Fig.33-3

Small current through the base controls large current through the collector. Close the switch,
and the bulb lights.

R/C SERVO SWEEP DRIVER CIRCUIT

FOPTNs
oFUl)

lsEEIPCT

POPULAH ELECTRONICS Fig.33-4

The circuit shown produces a ramp that can be used to modulate the threshold of another 555

timer, which is configured to generate the pulse signal to drive the R/C servo. In this way, the servo
can be slowly moved through a desired angie. Note that for long time constants, R6 and R7 will be
large. Therefore, C2 should be a lowleakage capacitor, or a CMOS timer (7555) can be used to per-
mit larger resistances and smaller capacitors to be used.
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82gr

il
,

+

R/C SERVO DRIVER CIRCUIT

POWER

2!Be0a
a2
IK

POPULAR ELECTRONICS Fig.33-5

The circuit shown produces the necessary pulse signal to drive R/C servos through a 90' range
by adjustment of the pot R2.

12.LED SEQUENTIAL DRIVER

,9o ot o2 It RE-3E7

iEnht canrex

ELECTRONICS NOW Fig.33-6

A demultiplexer selects a different LED for each blnary number at its input. The counter resets
after a count of 12.

+5V

R3
IK
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c1
I
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lrF
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MOSFET GATE DRIVER

C3

0u$l = +3.i Y

C2 D2

R1r2.7I ft=tl.?nI
01, D€ = 1l91il
C2, C3 = l0 pf, 15 Y

ELECTRONIC DESIGN Fig.33-8

This ratiometric 2O-kHz voltage-to-frequency converter (\TC) provides supedor performance
u-ith strain gauges and other ratio-responding transducers, even with noisy, unregulated excitation
voltages. Feedback isn't used to achieve the excellent 4-Hz linearity, so there is very low frequency
jitter-period measurements can be used to get several digits of resolution even when operating at
a fraction of full scale. An operational slnchronizing transistor starts the VFC with zero charge at the
beginning of each count cycle, eliminating the characteristic digit jumping often encountered with
VFC designs. Good linearity is attained by making the comparator's reference voltage vary r,vith the
input voltage, which precisely compensates for the finite capacitor reset time:

Peri,od:tr*t,
: t rl (v,,,,- v,,,) lAV,,,
: (t rAV r,.* V r,c- V 

nr) 
/AV 

n,

where,4l/,,: LVlLt. If 7", is made to include the amount I,,4I/,,, then the effect of f , is eliminated:

P eri,o d : ft rAV,,+ V 
(. c- (t tAV,,+ V, 

")] 
I AV 

u,

The MPSA-IS is a remarkably high-gain transistor, even at lorn'currents, gir,tng good current-
source linearity down to 0 Hz. In addition, bipolar transistors u,ork well with the lolv collector volt-
ages encountered in this single-supply, 10-V design. Moreover, most single-supply op amps will work
in place of the LM10. But the LN{10 also has a reference ampllfier that couid be used to construct a
10-V excitation regulator. The LM311 propagation delay glves a reset pulse uedth near 400 ns, which
gives the transistor time to discharge the capacitor. Also, the 311's bias current gives a small nega-
tive offset that ensures a }-Hz output for 0 V in.
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R}

R'l
gloK

3-20VOLTS

PIEZOELECTRIC DRIVER CIRCUIT

Three-terminal piezoelectric elements are
typically driven by transistor circuits (A) or logic
gates (B).

FEEDBACK

Fig.33-9

F2
1K

-

FEEDBACI(
TERMIML

REST

A

c'l
.001

BESl

I
B

POPULAR ELECTRONICS

1.6MEG RI
lMEO
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34

Field-strength-Measu ri ng Ci rcu its

Th" ,or.""s of the foilowing circuits are contained in the Sources section, rn'hich begins on page

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

Digital Field-Strength Meter
Microporver Field Detector for 470 MHz
Field-Strength Meter
Earth's Field Detector
Magnetic F ield Detector
Amplified F ield-Strength Meter
Aralog Fluxgate Magnetometer Assembly
Magnetic Field Meter
Resonant F luxgate Magnetometer
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MICROPOWER FIELD DETECTOR FOR 470 MHz

D1

1 )\n.5 FB 27Kt

Zo = 50o

DEIECTOR

100pF

REFEREI{CE

LINEAR TECHNOLOGY Fig.34-2

This circuit, which was tested at 470 MHz, contains a couple of improvements over the standard
L/C-with-whip field-strength meter. The 0.4-w-avelength section presents an efficient, low-imped-
ance match to the base of the quarter-wave u,hip, but transforms the received energy to a relatively
high voltage at the diode for good sensitivity. Biasing the detector diode improves the sensitir,ety by
an additional 10 dB. The detector diode's bias point is monitored by an LTC1440 ultra-low-power
comparator and by a second diode, which serves as a reference. Schottky diode Dl rectifies the in-
coming carrier and creates a negative-going bias shift at the noninverting input of the comparator.
Note that the bias shift is sensed at the base of the antenna, where the impedance is low, rather than
at the Schottky, where the lmpedance is high. This introduces less disturbance into the tuned an-
tenna and transmission-line system. The falling edge of the comparator triggers a one-shot, which
temporarily enables answer-back and other pulsed functions. Total current consumption is approx-
imately 5 pA. Alternatively, a discrete one-shot constructed from a quad NAND gate draws negligi-
ble power. Sensitivity is excellent. The finished circuit can detect 200 mW radiated from a reference
dipole at 100 ft. Range, of course, depends on operating frequency, antenna orientation, and sur-
rounding obstacles; in the clear, a more reasonabie distance, such as 10 ft, can be covered al 470
MHz with only a few milliwatts. AII selectivity is provided by the antenna itself. Add a quarter-wave
stub (shorted with a capacitor) to the base of the antenna for better selectivity and improved re-
jection of 1ow-frequency signals.
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AI{T1

FIELD.STRENGTH METER

This slmple field-strength meter is great for
tuning transmitters or antennas. It's a tool no ham
should be u,rthout. The antenna is a 24-in whip.

Fig.34-3

Ll
1fl*l

POPULAR ELECTRONICS

ot
llttt

ct

M1
50$

EARTH'S FIELD DETECTOR

Allied Slgnal
Metglas 27OS corc

JIIIflIL frequency
output

1oK 74HC14

POPULAR ELECTRONICS Fig.34-4

This elegantly simple earth's field detector uses a special variable permeability cored coi1. The
output frequency varies with orientation.

MAGNETIC FIELD DETECTOR

*
+9- l 2V

L1

POPULAH ELECTRONICS

A relay coil makes a great magnetic-field de-
tector.

tcl
Lllr339

Fig.34-5

3

LEOI

R1
1K

+.
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@
2tl3S0

D1
tN3/t

QI
2H3e0a

cl
330pF

AMPLIFIED FIELD.STRENGTH METER

ANTl

SI

Ll
lrtl'l

POPULAR ELECTRONICS Fig.34-6

This field-strength meter uses Q1 and Q2 to amplify the dc voltage produced by detector D1. A
piezo sound BZI is used as an audlble indicator, rather than using a meter. This circuit could be of
use for the nsually handicapped. The antenna is a 24-in whip.

ANALOG FLUXGATE MAGNETOMETER ASSEMBLY

SINE SENSE

CORE: Magnetlcs50086-2F
CONTROL: 143 tums {80
SENSE: 1000 tums t35

CONTROL

ELECTRONICS NOW Fig.34-7

An audio input drives the sine-wave control input, switching (or "gating") the core in and out of
saturation and drawing in or releasing an externai magnetic field. Weak signals at the sense outputs
are proportional to field strength.
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MAGNETIC FIELD METER (Cont.)

The meter's 12-turn field pickup is integrated into the unit's circuit board. For remote sensing,
an external field coil probe can be used. The magnetic field picked up by the coil appears as a volt-
age, which is proportional to field strength and frequency at the i.nput of a cascaded amplifier IC3-a,
IC3-b, and IC3-c. With a first-stage amplifier gain of 3.3 set by R12 to R10, the overall sensitrvity is
100 pV/pT, or 100 mV/mT. The meter sensitinty is nominally 2 V fu}l scale, leading to the lowest-
level sensitivity of 20 mT full sca1e. Op amp ICS-a amplifies the signal to a normalized ievel of 100
pVipT. The voltage is further amplified by 1, 100, or 10,000 by IC3-b and IC3-c. The three ampiifier
stages provide the ranges of 2 mT, 200 pT, and 2 pT (full scale). Components R3 and C3 and R12 and
C7 establish a frequency rolloff characteristic that compensates for the frequency-proportional sen-
sitivity of the pickup coil, and set the 20-kHz cutoff point. IC3-d is a precision rectifier and peak de-
tector. Its output drives IC1, a combination analog-to-digital (A/D) converter and LCD driver.
Components R25 to R29 and C13 to C17 are used by IC1 to set dispiay-update times, clock genera-

tion, and reference voltages. The decimal points are driven by IC2, as determined by range-select
switch 52. Tlansistors Q1 and Q2 ser-ve as a low-battery detector, and turn on the battery annuncia-
tor in the LCD when the battery vo}tage drops below 7 V.

RESONANT FLUXGATE MAGNETOMETER

56K digital
output

0.1 pFd
op amp

10K analog
output

'1 0 pFd I
ELECTRONICS NOW Fig.34-9

The core will get switched ln and out of saturation. The output duty cycie varies in proportion to
the single-axis field strength and direction. The high-level output square rvave is easy to interface to
a PIC or other microcontroller.
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35

Filter Circuits

Th" .orr""s of the foltowing 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.

Peaking filter Circuit
Amateur Ttansmitter Absorptive F ilter
High-Pass /Low-Pass Filter
SW Recelver CW F ilter
l-MHz or 500-kHz Etliptic LP filter
Active Filter
Notch Fiiter Circuit
Capacitorless Notch Filter
IF Bandpass Filter Switch
Simple All-Pass F ilter
Subsonic Filter
600- to 3000-Hz T\rnable Notch-Filter Circuit
Low-Pass Filter Phase Corrector
Ceramic Filt er InLerlacing
Active HP filter
Multiple-Feedback Bandpass Active Filter
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c4
0. pF

a
b

c2

F2
50k

R3
1k

1uF

R1
10k

PEAKING FILTER CIRCUIT

+12 VOC

+

c5
100 pF

+F

cl
470 pF

c3

Out
3ln

R4
1k,*urrL

73 AMATEUR RADIO TODAY Fig. 35-1

This circurt is basically a noninverting amplifier w'ith positive feedback. The negative feedback is
to unity by a direct connection bet.nveen the output terminal of the operational amplifier and the in-
verting (-) input. A frequency-selective RC network connects the output to the noninverting (f )
input, providing some posltive feedback. The center frequency is

F,: '/,.nRr(CSz)r,,
where F,. is the center frequency in hertz, R, is in ohms, and C, and Crare in farads.
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AMATEUR TRANSMITTER ABSORPTIVE FILTER

r---;--;----t
0.8FH 0.21pH I J2TO

ANTENNA

O.24t*l
13

c2

cl r
I
I

-'t
F1 I50o I

(DUMMYLoAD) 
1

J
Ir

12f4,F

c3
Sepr

L4
0.125pH

c4
TApF

J1 TO
TRA,.ISMTTTER

JSTO
(DUMMY
LOAD)

I
I

o.52pH
lj

POPULAR ELECTRONICS Fig.35-2

This filter diverts harmonlc energy above 30 MHz to a dummy Ioad and dissipates it as heat in-
stead of reflecting it back to the transrnitter. The absorptive filter is based on the classic design by
Weinreich and Carroll from 1968. The high-pass and low-pass sections are shielded from each other
(even though they are in the same shielded box) to prevent i.nteraction. If you lvant to try building
this filter, wind tire coils on high-por,vered toroids. ALternatively, Srou could wind an air-core coil us-

ing the nomograms inThz ARRL Handbookfor Rad'io Amateurs.

HIGH-PASS / LOW.PASS FILTER

LTCl 560-1
0.'1gF

15V

(08 5v)

-

T

Vour

'1k

300pF 300pF

u,, --l
I

5V

-5V

0.1pF 0.01pF

Io tur I o.o1uF

-_ =
0.19F

=
-15V

LINEAR TECHNOLOGY Fig.35-3

This filter uses a Linear Technology P/N LTC1560-1 and an LT1360 to impiement a high-pass /
Iow-pass fi.lter.
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R1

470 I
sK2
high

BCT09C BC,l09C

SW RECEIVEH CW FILTER

qt
o /oll

r-+9V

2.? k

SKl
c4

c1
47O nF

-vc,

ELECTRONIC EXPERIMENTERS HANDBOOK Fig.35-4

The CW filter is connected between the headphone or loudspeaker socket or terminal stnp of
your receiver and either the headphones or an external loudspeaker. The output of the receiver
should have an impedance of 8 O or more. As the circuit provides unity gain at pass frequencies and
a low-impedance output, there should be no problems with mismatching when the filter is in use.
The frequency response of the circuit peaks at approximately 800 Hz, and the -6-dB bandwidth is
about 300 Hz or so. The 0-dB points occur at about 350 Hz and 2 kHz. This is sufficient to normally
give a substantial reduction in adjacent-channel interference, but the response is not so narrow and
peaky that using the receiver with the filter in the circuit becomes difficult, as the wanted signal
tends to drift out of the passband and become lost.

1-MHz OR 500-kHz ELLIPTIC LP FILTER

LTCl 560-1

Vout

(0R sv)

R3

vrn

5V

5V

0.1;rF

LINEAR TECHNOLOGY

H E{i"'
This filter uses a Linear Technology P,N

LTC1560-1 to implement a srvitchable LP filter.
0.01pF

1 N4Hz

5V. 500kHz

Fig.35-5
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(ldsal 8uneiloilh)

ACTIVE FILTER

Rload
'tk

ulA

Cla

(Sallen-l(ey Eutleruoilr)

Rzr

nF

(ilormalized Bunsffoilh)

ucc

4

vrr

uin

ELECTRONIC DESIGN
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ACTIVE FILTER (Cont.)

Equal-value components can be quite an advantage in filter designs when the total costs associ-
ated u-ith the procurement, stocking, and assembly of the filter are considered. For instance, the
Butterrvorth active third-order low-pass filter (middle) uses equal-value resistors and capacitors.
This feature normalizes the filter's 3-dB corner frequency to llRC (in radians) for both low-pass and
high-pass designs. The graphs in (b) are plots of the ldeal, normalized, and Sallen-Key low-pass fil-
ter frequency-domain magnitude and error responses. Note how both the normalized and Sallen-Key
filters follou. the ideal response well into the stopband. The error plots were created by plotting the
difference between the real and ideal filter responses. The plots indicate that the normalized filter
achieves performance results that are equal to those of the Sallen-Key low-pass filter.

NOTCH FILTER CIRCUIT

Out

c1

c2
1sF

R3

R4

ln

H5

pF500

P2 F"= 1

2a Rr{ CrCz

73 AMATEUH RADIO TODAY Fig.35-7

This circuit is basically a noninverting amplifier with positive feedback. The negative feedback
path is set to unity by a direct connection between the output terminal of the operational amplifier
and the inverting (-) input. A frequency-selective RC network connects the output to the nonin-
verting (+) input, providing some positive feedback. The center frequency is

F,,: LrrRr(CrC2),/2
lvhere {, is the center frequency in hertz,,R, is in ohms, and C, and Crare in farads.
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CAPACITORLESS NOTCH FILTER (Cont.)

The notch frequency for the filter is set by

lnnt"r, * l(ALp/AH) x (Rz,/Rz))l2 xJo

where -4r, and,4,,, are the gain from input to low-pass output atJ:O Hz, and the gain from input to
high-pass output atJ 4fr, respectively. I}pically @r*lArr) x (RrrlRrr): 1; therefore , Lut"n -{,, and
is given by

Ju: I/(2t)(RoC)

where.Ru : 8,,, : B,nr, and C : C r: Cr. The 3-dB bandwidth is determrned by the following relation:
BW ,or-- J,*r!Q, where -8tr4l_, nu: fr- J".The Q of the filter affects the passband gain (which should be
adjusted to Lurity) and is related to the ratio of the resistances Ez" to R^ and Rr,to Rrr.In other words,
Q : (Rr./Rrr) : (Rr,lRrr). Q also is related toEn bythe folloning relation: Ra: (25 kO/O - 1).

IF BANDPASS FILTER SWITCH

D2 c7D1 co D4 Ds

C8

470rl

F16
470{)

R13
47012

IN

R14
4701t

R15

C1

R10

R1-R12 ARE 2.2K UNITS

C1-C8 ARE .01 UNITS

POPULAR ELECTRONICS Fig.35-9

Selecting IF bandpass fiiters via series/shunt PlN-diode switching can be accomplished with this
circuit. Diodes can be lvfv3404 or similar types.
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SIMPLE ALL-PASS FILTER

llin

Uoul

R1

dB

180"

0dB

-5 d8

gr

0o

Frequency (ll7)

ELECTRONIC DESIGN Fig.35-10

A very simple all-pass implementation can be realized with an active-feedback amplifier like the
AD830 or the LTC1193. Rl and C set the filter's actual transfer function, while R2 is needed to pro-

vide a purety real input impedance over the frequency range of the AD830 (necessary for measure-

ment reasons). The filter's two basic equations are

Er(1+sCR,)
z^(s):

1+ sCE,

o
E

2

2

and
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SIMPLE ALL-PASS FILTER (Cont.)

%,,(t) - 1-sCE,

V,,, l+sCE,

from r,r,'hich we can see that the magnitude is constant:

7"*(o)

7,.:1

and the phase of V,u/V,_as a function of ol is

180"-2 tan i(toCfi,)

From the first equation, it's clear that for Z.^tobe purely real, -R, has to be equal to Rr/Z, which
implies Z ,.(a)-R r. Once C is chosen, .R, and R, can be picked according to the termination and re-
quired phase shift. The graph shows the circuit's performance for I/:t15 V, B,:100, Er:200, and
vaLues of C from 1.5 pF to 150 pF u,ith 90" phase shifts at one-decade increments up to 10 MHz.

SUBSONIC FILTER

15V

cl c2

0

15V

ELEKTOH ELECTRONICS Fig.35-11

This filter is a fifth-order high-pass section that provides 1 dB attenuation at 20 Hz. Below that,
however, the response drops off ver5r steeply; the -3-dB point is at 17.3 Hz, and at 13.6 Hz, the at-
tenuation is 10 dB. Note that it is important that Cl to C5 are within 1 percent of one another. Their
individual tolerance is not so important because that merely affects the cutoff point. However, mu-
tual deviation adversely affects the shape of the response, which should be a Butterworth charac-
teristic as specified. Al1 resistors are 1-percent types.

323

t



600- TO 3000-Hz TUNABLE NOTCH-FILTER CIRCUIT

10k

Rl
10k

Oul

R3
56k

cl
47o pF

R4
47R

c5 +

-12 +12voc vtlc

73 AMATEUR RADIO TODAY Fig.35-12

This figure shows a notch filter that will tune roughly from 600 Hz to 3 kHz; it has been used by
ham and SWL builders for a number of years. It ls used for notching out unwanted CW stations or for
notching out heterodlnes in receiver outputs. Insert this filter between the headphone output of the
receiver and a power amplifier stage.
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'I Oto

lCla

7

1

lcl b

LOW-PASS FILTER PHASE CORRECTOR

R5R5

AP

I
roI

tt
0

lCi = TL082
I

I r5n

J.

I
roI

f
c1

Or
-

0
GrrI flCl = TL082

ELEKTOR ELECTRONICS Fig.35-13

In some appLications, it might be deslred, or even be essential, that the bandu,idth of the audio
signal be limited, but that the phase relationship with the original signal be retained. A surround-
sound encoder is a good example of this. The requirement can be met by combining the low-pass fil-
ter u-ith an all-pass section and ha\,rng the filtered signal compared with the signal corrected by the
all-pass network. As it happens, the phase transfer of a first-order all-pass filter is exactly the same
as that of a second-order critically damped netu''ork. The design of such a combinatlon is shown in
F igure 1. In this, the all-pass network is based on ICla and the lorv-pass section on IClb. The -6-dB
cutoff point is at exactly 1 kHz, and the - 3-dB rolioff is at 642 Hz.

CERAMIC FILTER INTERFACING

FLl I

Ceramic or mechanical filters can be used to
provide a frequency-selective output.

4
.05pF 470r)

POPULAR ELECTRONICS Fig.35-14

OUT

R2
3.9K

C1
B1

I 0k0

lCla

tcl b

H

E

U1

NE6O2
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(ldeal Euthr*orlh)

cla

10 nF

ACTIVE HP FILTER

(llormalized Butterworlh)

Eload

1k

ucc

u1c
4

[in
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(!)

ELECTRONIC DESIGN
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ACTIVE HP FILTER (Cont.)

Interchanging the resistors and capacitors transforms the normalized low-pass filter into a high-
pass fllter u,ith the same corner frequency (a). Notice that the Sallen-Key filter must be modified ac-
cording to impedance levels at each node. This yields a filter with equal-value capacitors and
unequal-va1ue resistors, an improvement over the traditional low-pass design of equal-value resistors
and unequal-value capacitors. The graphs in (b) indicate that the normalized high-pass filter com-
pares favorably with the Sallen-Key filter in high-pass applications.

MULTIPLE.FEEDBACK BANDPASS ACTIVE FILTER

B3
220 k

c2
0.01 pF

R1
22k

c1
0.01 [F

Ft2
240 r)

Cr=Cz=C

Rz=

Fl: =

73 AMATEUB RADIO TODAY

This is a multiple-feedback-path (MFP) bandpass filter

q.- Q"'- 2r l" A, C

o
2,! f" c(2o'? - A")

20
zrt..r

oain=A"=*

Fig.35-16
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36

Flasher 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 correiates to the entry in the Sources section.

Ac Light Flasher
Xenon Flashtube Circuit
Novelty LED F'lasher
Model Fire Engine Flasher Circuit
Rainbow Flasher
Single-LED f'lasher
12-V LED Flasher
Model Aircraft LED Flasher
Audio-Driven Xenon Ttrbe Flash Circult
12-V LED Flasher
Multiple-LED Flasher
Multiple Flashing LED Light String
Light Flasher
1.5-V LED Flasher
Thrifty LED Flasher
Neon Lamp Flasher
1-s Flasher
Variable-Frequency LED F lasher
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4

2

rc
r00K

AC LIGHT FLASHER

+12V

270(r

TO 117 VAC

MK
BULB

7-SY

POPULAR ELECTRONICS Fig.36-1

This crrcuit uses a 555 tlmer that rs configured in an unusual u-ay in that trigger pin 2 is acti-
vated by the voltage from a photocell to sense when the lamp is lit. The relay time constants affect
the flash rate.

XENON FLASHTUBE CIRCUIT

oov o27
IF

These are basic circuits for firing Xenon flash-
tubes. Which circuit is appllcable depends on trig-
ger coil polarity.

3@V o.27

ELECTRONICS NOW Fig.36-2

*

B3

AC

RYl

FUSHIUOEcotL
XENONTFIGGER
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MODEL FIRE ENGINE FLASHER CIRCUIT

S1

lCl c

EVERYDAY PRACTICAL ELECTRONICS Fig.36-4

This circuit was designed to add both a blue flashing light sequence and a two-tone siren effect
to a model fire engir-re. IC1 is a quad NAND Schmitt trigger, and ICla provides a low-frequency wave-
form, u'hich is inverted by IClb. Complementary outputs are obtained, which drive transistors TR1
and TR2. These driver transistors operate D1 and D2, which are two blue LEDs. The model had a
blue translucent molding on lts roof and yielded a surprisingly realistic effect. The outputs from ICla
and IClb are also used to control gated astables IClc and IC1d, which are set to oscillate at different
frequencies to simulate a t;picai British two-tone siren, sounded by WD1, a piezo disk. Battery B1
should be an alkaline or rechargeable 9-V type because the current consumption is relatively high. S1
was a slide switch fitted on the rear of the vehicle. The sounder is optional.
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RAINBOW FLASHER

BLU 1

EN-U E

!zil
!

dc
Hru

ta_LE) trIED

iEll-LE 2

trEO

CEIvn/o! tFE, g!)

GtrN

c
q

P
z +

U1

NUTSANDV.LT. Fig.36_S

This device flashes a multicolor RGB LED in various colors, in a sequence and speed determined
by the PIC 16C54 software. The LED is by Cree Electronics.

SINGLE.LED FLASHER

DI
HIGH . ERIGHTNESS L.EO.

\

This is a circuit diagram of an LED flasher with
few components.

ct
I

t00 p
BI
2r1V5

3V

EVERvDAv nRACTICAL ELECTRONTCS Fig. 36-6
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12.V LED FLASHER

+ t2v

RI
6t0n

R2

6C 0n

PIN 3

LO

02 0N
Dl OFF

02 OFF
ot oN

,

I r ltzl

+

TI ME

t1 =0.7 (R3+ R4) x Cl
t2=O'7 R4C1
f: 1

(t1+t2)
R-Ohms C-Farads
t-seconds f- Hz

cl
'tp

EVERYDAY PRACTICAL ELECTBONICS Fig.36-7

This is the circuit diagram of an LED flasher suitable for 12-V operation. The timing formulas are
also shown.

MODEL AIRCRAFT LED FLASHER

R5

2t'r2

sl
&0.

x I cR osw I Tci{
//

R6
390 k

DI TO D("YELLOW HIGH
I NTEN SIT Y 100 p

l0vBI 'F9v I
l,lNt604 

-r- et
oPr

EVERYDAY PRACTICAL ELECTRONICS Fig.36-8

This circuit was used to simulate machine gun firing on a model aircraft, but it can also be used
for other applications.
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R4
100k

TXl

R6m

o1

sw2
SPDT

SCH 1

R5
47

c6
0.O2.lrF
600v
l"ty'ar

AUDIO.DRIVEN XENON TUBE FLASH CIRCUIT

SW1

+

Audio lnput
D4

TX2

75 ohm [10 watts)-
1OK ohm [2 waths)
2.7K ohm
1ffiK ohm
47 ohm
P20 ohm
SffiK ohm POT
56K ohm
2PK ohm
1ffiK ohm POT
22 ohm t2 watts)
1&lF, 45O volt electnolyiic
lmuE 16 wlt electolytic
eerE 45O volt elecFolytic

u,
c5

GE O.O22uF, 6ffi volt mylar
1uF. 35 voh tantalum

.oot

Xenon
llash tube
(400 volt)

2N489 1 unijunction transistor
or equiv.
4ffi voh, 3 amp {or better)
SCR
4ffi voh Figger transformer
12.8 volt C.T 1ffima p(Mer
ransformer
SPST $A,itch [power switch)
SPDT switch
Gl 4ffi voh, 1 amp or
better power nectifier diodes
1N934 or other small signal
diode
Xenon flashtube [straight or
horseshoe) in the 2ffi to 4m
voh range

12oVAC

R1

10 watt

R2
10k
2 wall

cl
10trE 450V
Eleclrolytic

02

01

R3
2.7k

R1l
2

2 watt

R7
500k
pot

R10
1 00k
pol

c5
luF
tantalum

B8
56k

R9
2k

8

B1
E2
R3
R4
R5
R6
w
R8
R9
R10
811
cl
c2
c:l

01

scnl

TXl
TX2

8W{
swa
D.l. 02,

D4, D5

FT

NUTS AND VOLTS Fig.36-9

This circuit uses a Xenon flashtube to create a very real lightning effect. It can be driven in one

of two ways: by sound input or by straight repeated flashes, depending on where surtch 2 is posi-

tioned. When producing straight flashes, the rate is determined by pot R7. If the switch is set to be

triggered by sound, the sensitivity is determined by the leve1 of the sound driving the transformer'
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AUDIO-DRIVEN XENON TUBE FLASH CIRCUIT (Cont.)

TX2 and the setting of pot R10. This circuit uses high voltages (over 4000 V for the trigger), and ex-
treme care should be taken by anyone that builds it. The high-voltage capacitors can hold dangerous
voltages for some time (even after the circuit has been unplugged). Strong caution concerning part
polarity is highly urged.

12-V LED FLASHER

+

The figure shorvs a 12-V LED flasher configu-
ration.

l/o/75

ELECTRONICS NOW Fig.36-10

TELos

78os
OR

(<.4)/o

R2

EVERvDAv pRAcrcAL ELEcrRoNtcs Fig. 36-11

MULTIPLE.LED FLASHER

This is a circuit diagram for driving multiple
LEDs from a single LM3909 flasher chip.

DITO 03 HIGH
BRIGHTNESS L.E.D.
(3 oFF l

R2 TO R4 39,'I
(3 oFFl

+

'r
a

BI

R3

R(
02

o

RC 9k

FAST

lcl
LM39O9N

R5

220n

t00p 6V

Rt
66OJI
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MULTIPLE FLASHING LED LIGHT STRING

+la/DC

msr0
,

LED62

IB

I

LED6O

fi
A7

+larDlc

,.1
117 VAC

P
+ra/Dc

u
tMma

POPULAR ELECTRONICS Fig.36-12

This circuit offers up to 10 strings of LEDs that turn on one row at a time in a sequential man-

ner; for the sake of space and simplicity, only three strings are show'n. The LtrD pairs could be all
one color, mixed red and green, or any combination of colors. C2, C4, and D1 to D3 make up a 12-

Vdc power supply for the five ICs. T\vo gates of a 4011 quad tu.o-lnput NAND gate, U2-a and U2-b,

are connected in a low-frequency oscillator circuit. Resistor R1 cotrtrois the oscillator's frequency.
The oscillator supplies a clock output to U1, a 4017 decade counter/divider, which operates as a

counter that can be programmed to count from 0 to 9. With each clock pulse, the 4017 makes a sin-
gle step up in count from 0. The first output, at pin 3, supplies voltage to the LED in U3, a 3010 op-
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MULTIPLE FLASHING LED LIGHT STRING (Cont.)

tocoupier, turning on the IC's triac and iighting the first string of LEDs. The next clock pulse steps
the 4017 to the next output, at pin 2, and repeats the sequence for that string. As each new Iight
string turns on, the preceding string turns off, glving the effect of a climbing string of lights. Chang-
ing the setting of Rl will change the rate at u,hich the strings turn on and off. If you want to add
additional light strings beyond u,hat ls shou'n in the figure, simply duplicate the circuitry for the
Iight strings as shown and connect to the appropriate output of the,1017, U1. You will also have to
connect the first unused output to pin 15. If you use the maximum of 10 strings, pin 15 should be
connected to ground.

LIGHT FLASHER

l1

7. TO l OO,WATT

TF 1'

.RADIOSHACK #276.1 OOO

POPULAR ELECTRONICS Fig.36-13

Shovm here is a simple flasher circuit. With the component values shown, the flash rate is ap-
proximately once per second. The incandescent-lamp load glows at half brightness for about one-
third of the total flasher period and is off for the remaining tu,o-thirds. Electro1l,tic capacitor C1

charges during the pcsitive haif-cycle of the ac waveform through R1, R3, and D2. When the r.oltage
across the capacitor reaches the break-over voltage of the silicon asl,mmetrical su,rtch (SAS1), the
capacitor starts to discharge through R2, SAS1, Q1, R4, and the triac. Emitter follolver Q1 is driven
by the discharge current from C1, and it, in turn, provides gate ddve for the triac. Thus, the triac
conducts and the Iight glows while C1 discharges. The lamp goes dark r'r..hen C1 is depleted of charge
and remains dark until the ac power \lraveform goes positive again and charges the capacitor sufflcientiy.
The triac should be trrggered into conduction by a gate current of no more than 5 mA. The flash rate
can be varied by changing the value of capacitor C 1 . Using more capacitance results in a slower flash
rate, and less capacitance results in a faster flash rate.
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LEDl

POPULAR ELECTRONICS

+1.5V

2 4

1.5.V LED FLASHER

The LM3909 is one of the easiest-to-use LED
flashers around. It can run for years using a stan-
dard D cell.

Fig.36-14

THRIFTY LED FLASHER

ELEKTOR ELECTRONICS Fig.36-15

The dual contplementary pair of switching fETs ancl inverter contained in a CD4007 CMOS IC

enables an LED flashel to be made that uses very llttle energ).'. The IC is arranged as a three-inverter
osciliator. Resistors R4 and R5 i.n series with the dlains of one pair of FETs ensure that the drive cur-
rent for the foLLou.ing pair of FETs is tiny. The high time of the oscilLator ls determined by network
R3-Cl,anflitslowtinrebyR2-C1 (Dlisthencutoff sothatR3isinactrve).TheLEDisprovidedwitlt
current during the high time of the oscillator by T1. The level of this current is determined by R6.

The values of R,, R3, and C, cause an LED OF F time of 1 s and an ON time of 1 ms. Because the high-

efficiency diocle draws a current of 30 mA, its lighting will be clearly visible. A standard 9-V battery
will give continuous operation fbr about three years.
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NEON LAMP FLASHER

The neon lamp has negative d1,namic resis-
tance-the voltage across it falls while conduction
is increasing. As a result, it llashes on and off.

Fig.36-16ELECTRONICS NOW

o.22
4F

R3
100k

7

2l/
R2
100k +

F
c2
19,

1-S FLASHER

R4
2mk

D1
TI

o-
SI
oN/oFF

+9V

c3
10pF

o
R5
470

D2
1N4001

-vc

ELECTRONIC EXPERIMENTEBS HANDBOOK Fig.36-17

The circuit diagram for the 1-s flasher is based on an operational amplifier that is biased by R1,
R2, and R3 to act as a form of Schmitt trigger. The output goes to the low state if the inverting input
is taken above :( V+ , and high if it is taken belor,v { V+ . The output, therefore, goes high initiatly, but
C2 soon charges to /,Y+ via R4, and then the output, goes low. Capacitor C2 then discharges to
7rV+ via R4, sending the output high again, and produclng continuous osciliation. Resistor R4 is ad-
justed to give an operating frequency of I Hz. The 1-s flasher can be calibrated against a watch or
clock with a second hand by empirical nleans. The output of IC1 is coupled to the LED indicator, D1,
by way of dc blocking capacitor C3 and current-limiting resistor R5, and the LED is briefly pulsed on
as the output voltage swings positive. Diode D2 ensures that there is both a charge and a discharge
path for C3 so that the output signal is properly coupled to D1. The current consumption of the unit
is about 2 mA.
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tc1

B

2
4

(:5

VARIABLE-FREOU ENCY LED FLASHER

R2

//

R1

NC

C1

1M3909 LED flasher/oscillator lC

LED

330 pF 5 V electrolytic capacitor
10 kO potentiometer
330 O t/q W 5Y" resistor

+

tc1
D1

C1

R1

R2

TAB BOOKS Fig.36-18

R1 varies the flash rate, and R2 limits the minimum resistance in the potentiometer circuit to
prevent damage to Dl or IC1.
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37

Fluorescent Lamp 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.

Cold-Cathode F luorescent Lamp Driver
Battery-Operated Fluorescent Light
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COLD-CATHODE FLUORESCENT LAMP DRIVER

ALLJNI liUl,l EtECTB0LYTIC lS ntC0f.ll'ltlDiD F0R C3B WITH AN

ESB : O 51T TO PBEVEI]T DAI,IAGE iO THI Li] 18;F HiGH SIDE

SiNSI RESIS-iOR DUE IC SLJIGI CURRENIS AT Ti]R\ ON

Cl MUST 3! A LOVr' LOSS CAPAC TOR C] = [I]I'1A I"i(P 20

0t 02 = l!rtx z-TX8{_c 0R R0il,t 2sc500l

Ll . CCTLTR0N CS CIX21C6a5

1.2 = CC,LTRON CS CTX]OO-.1

R1 PREV'IIIS OSC]LLAT OI;

R2 AIiO F3 ART ]DFAL VALUiS

USE tiEAFEST ] 9" VALUi
.OO 

NOT SUESTITUTE COMPONEHTS

c0 tTF0rircs (,107) 211.i876

OpA T0 45uA 66p1 CURRENT G VIS
omA T0 6mA tAl,lP CUBREIiT F0R A

TYPICAT OLSPLAY
FF0M Vssp 05

BAI85J

r-^:;-1

t=lro " I

UP T0 6mA

VaEr

c2
2,-ol

L1

+ :3V

BAI
8V r0 28,r+ C3A

c5
1000pF

5 221rFI r:"'

R1

V (PwMl 0V T0 5V 330()
rknr PWM -4 40"" T0 90% DC = 0u-A T0 50pA

01

R3

6 98k

T
+

12

11

c1

s-t,lrDovni
6

7

8

c4

tz4,r

LINEAR TECHNOLOGY POWER SOLUTIONS Fig.37-1

in this circuit, the lamp is driven sinusoidally, minimizing RF emissions in sensitive portable ap-
plications. Lamp intensity is controlled smoothly from zero to full brightness \r,'rth no li)steresis or
"pop on." This floating bulb circuit configuration extends the rllumination range for the bulb because
parasitic bulb-to-display-frarne capacltive losses are minimized. The feedback signal is generated by
monitodng the primary-side Royer converter current betr,veen the BAT and Royer pins. The
LT1184F curent-mode switching regulator and L2 provide an average current to Q1 and Q2, w-hich

form a Royer-c1ass converter along r,r,ith L1 and C1. The lamp is driven by L1's secondary. Feedback
to the LT11B4F is provided on the primarJ- side of L1 for floating bulb conflgurations, whereas feed-
back in the grounded configuration is provided by sensing one-half of the average bulb current. The
oscillator frequency is 200 kHz, rvhich minimizes the size of the required magnetics.
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BATTERY.OPERATED FLUORESCENT LlGHT

R2
2.7K

T1

6V:1 20V 4.WATT
FLUORESCENT

LAMP

ELECTBONICS NOW Fig.37-2

The circuit consists of a 20-kHz oscl1lator, a switching transistor to amplify its output, and a step-
up transformer. A 120- to 6-V power transformer is connected backward, using half of the 12-V side
for 6 V. In the circuit, the transformer is w'orklng at considerably more than its rated voltage, but the
higir frequency keeps it from saturating. Although the lamp does not glow at full brightness, the cir-
cuit is energy-efficient, requiring only 150 mA.

12V
mA

+
150

R1
'lK

c1
100
pF

c2
.0'1

.0.1
Q1

lHF510

lcl
TLCsss

TH

c4
.01
1KV
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38

Fu nction-Generator Ci rcu its

Th" ,or.."s of the follor,ving 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.

MAX038 High-Speed Function-Generator Circuit
FM Demodulator
Synchronized N/LAX038 Function Generators
Benchtop Function Generator with Built-in Counter
PLL with Dlvide-by-l/ Circuit
MAX038 Function Generator
I'requency Sl,nthesizer
MAX038 Function Generator Digital Control
Function Generator Power Buffer
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MAXO38 HIGH.SPEED FUNCTION-GENERATOR CIRCUIT

GROUND (OV)

EVERYDAY PRACTICAL ELECTRONICS Fig.38-l

For enthusiasts who would like to experiment with this device for themselves, a simple circuit to
get it up and running is shown. The only real problem with the MAX038 is inherent in its sheer speed.
Maxim suggests careful layout on a double-sided ground-plane PC board for best results. In practice,
a single-sided PC board seems to work we1l, provided it has plenty of copper areas at ground poten-
tial, good decoupiing, and guard tracks around signal paths carrying rectangular waveforms, espe-
cially that from the slmc output. The foliowing component recommendations are offered:

Resistors-0.6 W, 1-percent metal film
Cl,C2, C3, and C5-ceramic disk
C4 and C6-tantaium bead, 35 V
C.*-&S required for frequency, between 4TpF and 47pf, polyester or polystyrene
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SYNCHRONIZED MAXO38 FUNCTION GENERATORS

,5V

t,iT,,t:I

+

,+
l

,rE
I

4

r
.l:llr

16

2!lk 20k!,rl lff

1l

I ill)LF

3:irF

BPr.

r0l

1!F

r5

l1F

(a)

= =
5V

A N/ASTER 0lll 2vlrli!
B P0 5vidrv
C , PDo. 500rnvid v

D SLAVT 0liT 2Vtl u

Tll,4EBASI 50f:rC v

(b)

MAXIM ENGINEERING JOURNAL Fig.38-3

The MAX03B's internaL phase detector is intended primarily for use in phase-locked-loop (PLL)
configurations. In (o), for example, the phase detector in IC2 enables that device to s;,nchronize its
operation with that of IC 1 . You connect the applied reference signal to IC2's TTL/CMOS-compatible
phase-detector input (PDI) and connect the phase-detector output (PDO) to the input (FADJ) of
the internal voltage-controlled oscillator. PDO is the output of an exclusive-OR gate-a mixer-
which produces rectangular current waveforms at frequencies equal to the sum and difference of
the PDI frequency and the MAX038 output frequency. These waveforms are integrated by Co' to
form a triangle-wave voltage output at PDO (b). The 10-O/100-pF pair at PDI limits that pin's rate
of rise to 10 ns.
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BENCHTOP FUNCTION GENERATOR wlTH BUILT-IN COUNTER (Cont.)

This circuit wrll produce sine, squate, and triangle waves from 0.1 Hz to 1 MHz and has a counter
which will read the frequency of the function generator or an external signal of a few volts peak-to-
peak that will drive the CMOS counter.

r5V -5V c1
ltrF

+l.l
r-_-__-J

cft{rE8
TBEOUEI,ICY

t -l

I

I

I
R4

fl1
50()

TREOUENCY.PHASE OTTECTOfr

(t
OUlPUT

EXIESNAI
OTFSET

c4

MAXIM ENGINEERING JOURNAL Fig.38-5

The MAX038 function generator IC can be used in a PLL system. To gain the advantages of a
wider capture range and an optional divide-by-l/ circuit (which allows the PLL to lock onto arbitrary
multiples of the applied frequency), you can introduce an external frequency-phase detector, such
as the 74HC4046 or the discrete-gate version shown. Unlike phase detectors, which can lock to har-
monics of the applied signal, the frequency-phase detector locks oniy to the fundamental. In the ab-
sence of an applied frequency, its output assumes a positive dc voltage (logic 1) that drives the RF
output to the lower end of its range as determined by resistors R4 to R6. These resistors also deter-
mine the frequency range over which the PLL can achieve lock. Agaln, R4 to R6, C4, and fi, deter-
mine the PLLs dynamic performance.
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MAX038 FUNCTION GENERATOR (Cont.)

OUTPUT FRE(lUENCY

vs. lltl CURBEtIT
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MAXIM ENGINEERING JOURNAL Fig.38-6

The MAX038 is a precision, high-frequency function generator that produces accurate sine,
square, triangle, sawtooth, and pulse waveforms with a minimum of external components. The in-
ternal 2.5-V reference (p1us an external capacitor and potentiometer) iets you vary the signai fre-
quencyfrom0.l Hzto20 MHz.Anapplied t23-Y controlsignalvariesthedutycyclebetween 10and
90 percent, enabling the generation of sawtooth waveforms and pulse-width modulation. A second
frequency-control input-used primarily as a VCO input in phase-locked-loop applications-pro-
r,rdes t70 percent of fine control. This capability also enables the generation of frequency sweeps
and frequency modulation. The frequency and duty-cycle controls have minimal interaction with
each other. A11 output amplitudes are 2 \,r, symmetrical about ground. The low-impedance output
terminal delivers as much as *20 mA, and a two-bit code applied to the TTl-compatible A0 and ,{1
inputs selects the sine, square, or triangle output waveform:

WAVEFORM

Sir-re u'ave

Square wave

Tiiangle rvave

X:Don't Care.
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FREQUENCY SYNTHESIZER

=E96

a=- Ir
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S0 1kH2

51 2kHz

52 4tHr

53 SkHz

51 10*Hz

55 32IHz

56 64IHz

s7 'l28tHr

Sg 2561#2

Sg 5t2kHz

Sl0 l.024MHz

S11 2.018MH!

S12 4.0g6MHz

S13 8.1g2MHz

MAXIM ENGINEERING JOUBNAL
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FREQU ENCY SYNTH ESTZER (Cont.)

The MAX038 and four other ICs can form a crystal-controlled, digitally programmed frequency
synthesizer that produces accurate sine, square, or triangle waves in l-kHz increments over the
range 8 kHz to 16.383 MHz. Each of the 14 manual switches (when open) makes the listed contribu-
tion to output frequency: Opening only S0, 51, and 58, for example, produces an output of 259kHz.
The switches generate a 14-bit digital word that is applied in parallel to the D/A converter (IC2) and
a -.N circuit in IC1. ICl also includes a crystal-controlled oscillator and high-speed phase detector,
which form a phase-locked loop with the voltage-controlled oscillator in IC5. The DAC and dual op
amp (IC4) produce a2-to 750-pA current that forces a coarse setting ofthe IC5 output frequency-
sufficient to bring it within capture range of the PLL. This loop, in which the phase detector in ICl
compares IC5's SYNC output with the crystal-oscillator frequency divided by N, produces differen-
tial-phase information at PDV and PDR. IC3 then filters and converts this information to a +2.5-V sin-
gle-ended signal, which, when summed with an offset and applied to FADJ, forces the signal output
frequency to the exact value set by the switches.
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MAX038 FUNCTION GENERATOR DlclTAL CONTROL (Cont.)

IORI{ALIZED OUIPI'I FREOUETGY

Ys. FAOJ YOTTAGE
FREQUEXGY MOItUUflOX USIXG IIX

(a)

T0P: 0UTPUT

BOTTOM: lrru

FBEOUEXSY }IODUIAIIOT USIilG FAIU-3-2-10123
Vrnol (V)

0.5v

(b) 05v

IOP OUTPUT

BOTTOM: FADJ

MAXIM ENGINEERING JOURNAL Fig.38-8

To adjust the frequency digitally, connect a voltage-output DAC to IIN via a series resistor, as
shown. The converter output ranges from 0 Y atzeroto2.S(255/256) V at fuil scale. Current injected
by the converter into IIN, therefore, mnges from 0 to 748 pA. The 2.5-V reference and 1.2-,C) resistor
i4ject a constant 2 p.A, so (by superposition) the net current into IIN ranges from 2 pA (at a code of
0000 0000) to 750 pA (at 1111 1111). The quad DAC IC operates from 5 V or -r5 V. As described be-
low, it can also provide digital control of FADJ and DADJ. For fine adjustments (t70 percent), apply
a control voltage in the range L2.3 Y to the frequency adjust (FADJ) terminal. Both FADJ and IIN
have wide bandwidths that allow the output frequency to be modulated at a maximum rate of about
2MHz. As the more linear input, IIN is preferred for open-Ioop frequency use in a phase-locked loop.
For digital control of FADJ, configure a DAC and external op amp (as shown in the figure) to produce
an output ranging from -2.3 V (0000 0000) to 2.3 V (1111 1111).
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FUNCTION GENERATOR POWER BUFFER

E L2099CT

3

M+
2 VOUT
3 VS-

5 VtN-

T*,'l'.n
l25V I

I

15V

15V

K2

K3

K4

X5

t

t

t

t

R7

K1
raY0

O'r-
@.r- R8...R23 = 20011 l%

ELEKTOR ELECTRONICS Fig.38-9

This buffer circuit can be used as an output booster for any function generator that has to be ex-
tended in order to drive several loads. The heart of the circuit is a video distribution amplifier IC
from Elantec, the EL2099CT Qisted by RS Components). This interesting device has a 3-dB power

bandwidth of no less than 65 MHz at a gatn of x2. Here, it is used to drive up to four 50-O loads at a
maximum signal level in excess of 10 \".t. When used for video applications, the EL2099CT can

drive up to six 75-O loads. The gain of the amplifier is x2; unity gain is not possible because of insta-
bility problems. The bandwidth of the circuit shown here is >10 MHz, while the output achieves a

drive margin of >10 %"uu. Current consumption will be of the order of 200 mA.
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Game 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.

Lockout Circuit
Heads or Tails Game Circult
Mini Roulette
Coin-Toss Circuit
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LOCKOUT CIRCUIT (Cont.)

Thts circurt is used in contests, games, etc. \\,hen a contestant presses one of the buttons, an
SCR triggers, lighting the associated LED and preventing anyone else from actuating the system. U2
and U3 form a warble tone generator, u,hile U4 and U5 provide time delay.

HEADS OR TAILS GAME CIRCUIT

.r
I

-J_
7.5
1 1.14

EvERyDAy pRAcrcAL ELEcrHoNrcs Fig. 39-2

Designed to simulate by electronic means the
tossing of a coin, the circuit is based upon a 4049
hex inverter IC, two of which are used. ICla and
IClb are wired as an astable oscillator, which
causes trvo LEDs (D1 and D2) to alternate rapidly,
at a frequency too high to be distinguished by the
naked eye. Both LEDs, therefore, appear to be
constantly illuminated. When the SPIN switch 52
is closed, this has the effect of freezing the display,
and the LED, which was illuminated at the instant
that the switch was closed, will now be continu-
ously alight. Opening the surtch enables the oscil-
lator once more. There is an equal chance of either
LED lighting, and the circuit can be used in board
games, for example, to choose which player will
move first.

r 00k
R1

S1 lCl a
cD4049

4

R2
2k2

lclb
coaoas fllo
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MINI ROULETTE

D1

S2

l6il6FFl

B3
10M

EVERYDAY PRACTICAL ELECTRONICS Fig.39-3

A circuit diagram for a mini battery-powered version of roulette is shou,,n. This circuit uses a
4017 decade counter (IC2) driving 10 LEDs. Because only one LED is ever illuminated at any one
time, a corunon limiting resistor R4 is used. They can also be placed in alternating recVgreen order
for added effect. The counter IC2 is clocked by ICl, a classic 555 timer connected as an astable.
When the SPIN button is pressed and then released, full speed is achieved, and then the display
gradually siows down until it stops on a single number. Capacitor C2 governs the oscillator speed,

and resistor R3 prevents instability when the LED rotation stops. The piezo disk transducer, X1, is
placed on the output of the oscillator to provide a sound effect.
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COIN-TOSS CIRCUIT

TOSS

+5V

3

LEDz

POPULAR ELECTRONICS Fig.39-4

Shorvr-r is a CMOS coin-toss circuit that works well and can be built with a single 4011 or 4001
CMOS IC. (Note that the IC pin numbers in the diagram apply for both the 4001 and the 4011.) TWo
gates form a clock, and the others make up a blstable multivibrator. With this clrcuit, it is necessary
to adjust the 10,000-O potentiometer (R3) for a 50-percent duty cycle. If you don't have a scope to
do this, simply measure the direct current flowing through each LED w-hile adjusling R3. When the
same current level flows through each LED, the clock wili be adjusted for a S0-percent duty cycle.
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Geiger Counter 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.

Geiger Counter to IBM Interface
Geiger Counter Circuit
Geiger-Mueller T[be Circuit
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CMOS OP.AMP

OFFSET

-tN
+lN

GND

NC

+V

OUTPUT

OFFSET

1

2
3
4

I
7
6
5

GEIGER COUNTER TO IBM INTERFACE

DB-25 ]BM
PRINTER

PORT
13

4

+5V

1k

TOGM
COUNTER

2.2k

SIGNAL IN
1k

HEADPHONE
PLUG 1k TO

COMPUTER
PORT LINE2.2k

NUTS AND VOLTS Fig.40-l

The simplest way to connect a Geiger counter to the IBM computer is to use a headphone jack
to the parallel port. The headphone jack provides a *5- to 0-V pulse for each radioactive particle de-
tected. The signal from the Geiger counter is +5 V. When radiation is detected, the signal pulses
down to 0 V for a few milliseconds before returning to *5 V. Even though the signal is in the 0- to
t5-V range, it is not safe to connect wires from an external circuit or instrument directly to the par-
allel-port lines without buffering. The op amp operates from a single-pole *5-V power supply. in this
particular case, invert the signal from the Geiger counter. Because the pulse signals are *5 to 0 V, we
do not require any amplification from our op amp. Therefore, the op amp is configured as an invert-
ing unity-gain follower. Remember that the Geiger counter outputs a steady *5 V through the head-
phone jack. When it detects radiation, the output pulses down to 0 V for a few milliseconds. By
inverting the Geiger counter signal with the op amp, the computer reads a steady 0 V on its line and
a *5-V pulse when radiation is detected.
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GEIGER COUNTER CIRCUIT

R122kn vr.

C8
D1

2.skv

Headphone tv"" 100

o.o47

""%\t
C5
1uF

c2
Tip 12OO.O1 pF R5

0Oko
GM tube

R6
10 ko

NUTS AND VOLTS Fig.40-2

IC2 is a 555 timer set in astable mode. The signal from IC2 is presented to three gates on the
4049ICL. The 4049 inverts the signal to give an optimum pulse width that switches Q1 on and off.
The MOSFET (Q1), in turn, switches the current to a step-up transformer (T1). The stepped-up
voltage from T1 first passes through a voltage doubler; the output voltage from this section is ap-
proximately 600 to 700 V. Three zener diodes (D3, D4, and D5) are placed across the output of the
voltage doubler to regulate the voltage to 500 V. This voltage is connected to the anode on the GM

tube through a 10-MO resistor. When the GM tube detects a particle, a voltage pulse from the 100-

k,f) resistor is amplified and clamped toV"riaQ2, anNPN Darlington transistor. The signal from Q2
is inverted by IC1, where it acts as a trigger signal to IC3. IC3 is another 555 timer. The output of IC3

via pin 3 flashes on LED and provides a click into either the speaker or the headphones. The circuit
is powered by a 9-V alkaline battery and draws about 28 mA when notdetecting.
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GEIGER.MUELLER TUBE CIRCUIT

GM TUBE

Anode Cathode 500 v

R1
1O MEG

OUTPUT
PULSE R2

1 00k

NUTS AND VOLTS Fig.40-3

A GM tube is useful for detectlng radioactivity. The tube is constructed with a cy).indrical elec-
trode (cathode) surrounding a center electrode (anode). The tube is evacuated and filled with a

neon and halogen gas mixture. A voliage potential of 500 V is applied across the tube, through a 10-
Mf,) current-limiting resistor (R1). The detection of radiatlon relies upon its ability to ionize the gas

ln the GM tube. The tube has an extremely high resistance when it is not in the process of detecting
radioactivity. When an atom of the gas is ionized by the passage of radiation, the free electron and
positive ionized atom that are created move rapidly toward the two electrodes in the GM tube. in do-
ing so, they collide u,rth and ionize other gas atoms, which creates a small avalanche effect. This ion-
ization drops the resistance of the tube, allowing a sudden surge of electric current that creates a
voltage across the resistor R2, which can be seen as a pu1se.
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Generator Circuits

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

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

Reset Generator
Simple Wideband Noise Generator
Three-Tone Generator
Simple Frequency Synthesizer
Digital Burst Generator
Random-Number Generator
Tone-Burst Circuit
Simple F requency Generator
Ultra-Fast Monocycle Generator
Sweep Generator
Seif-Starting Data Generator
Pink-Noise Generator
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RESET GENERATOR

ELECTRONIC DESIGN Fig.41-1

This I2.,. monitor circuit draw-s less than 10 pA, yet it can generate reliable RESET signals.
!-ery low quiescent current makes the reset generator shorr,n suitable for use with microcon-

trollers that spend most of their time in the "sleep" mode. The system's power source, a charged
0.047-pF "Supercap" capacitor (Cl), can go without a recharge for interuals exceeding 24 hours.
The allowable supply-voltage range for the reset circuit is 2 to 11 V. Rl and R2 make it possible to set
the suitching threshold as low as 1.2 V (the values shown provide a 4.10-V threshold). Hysteresis in-
troduced by E3 minimizes the effect of reference noise and external EMI. Using the values given for
.R, and E, (1 MO and 10 MO), the swrtching threshold (() is obtained by adjusting the value of B,
alone: .R, (in megohms):0.770Vr-0.910. External connections tie the internal reference voltage to
the inverting input of each comparator. Comparator A monitors the supply voltage. When thrs volt-
age dips below the threshold established by Rl and R2, the comparator output initiates a RESET
pulse via D3 and discharges the timing capacitor (C3) via diode D1. Comparator B determines the
pulse duration with help from the time-delay components R4 and C3. Because the duratron (ap-
proximately 250 ms) is r,vell above the 50-ms minimum required in this case, the effect of supply volt-
age on pulse width can be ignored. D2 allows the circuit to respond to short outages by providing
another quick-discharge path for the timing capacitor. Comparator C is a spare that supplies a com-
plementary output or low-line warning. Comparator D acts as an active AND gate for logic-high sig-
nals from comparators A and B. The puli-up resistor in many such circr-dts is 100 kO or less (to avoid
errors caused by the comparator's input leakage). In this particular case, it would provide a path for
excessive battery discharge during reset.
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SIMPLE WIDEBAND NOISE GENERATOR

-15 l,

0.1 pF :

500

R1B

332

lrim

B2

10

llnoise

Vout

I lf ,fk

75.0 coar

R3

10
R1.

75
c4

10 of
(onti6nal)

+15 V

ELECTRONIC DESIGN Fig.41-2

This relatively simple op-amp noise generator amplifies the input voltage noise of a wideband,
decompensated op amp. if a device with a single-gain stage is selected, the output noise will be spec-
trally flat up to the closed-Ioop bandwidth. The op amp is manufactured by Analog Devices Inc.
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THREE.TONE GENERATOR

O-> 19Y
SI

SFKRl

POPULAR ELECTRONICS Fig.41-3

The three-tone generator makes a great warning device. It has a 1ot of uses; for example, if the
appropriate switch is used for 51, the clrcuit can be used as a burglar alarm. When 51 ls pressed, it
turns on the circuit. The tone frequencies depend on resistor Rl and capacitors C1 through C3.
Switch 52 lets you select betu,een those capacitors. Capacitor C1 produces the highest frequency
because it has the lowest capacitance, rvhile C3 generates the lowest frequency

SIMPLE FREQUENCY SYNTHESIZER

NUTS AND VOLTS Fig.41-4

The 555 timer circuit is configured as a 10-kHz astabie multivibrator that feeds tlls signal to the
4046 phaseJockedJoop IC. The signal that is fed from this chrp is then coupled to a divide-by-1,/ counter.
This counter will take the 10-kHz signal locked on by the 4046 and w-i11 produce multiples of the fturda-
mental frequency (10 kHz). Therefore, it is possible to generate frequencies as hrgh as 100 kHz with this
circuit. When building this circuit, remember to use safety precautions when handLing CMOS chips.
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DIGITAL BURST GENERATOR (Cont.)

ELECTRONIC DESIGN Fig.41-5

Figure 1 illustrates the transmitted signal and the continuous sine wave from which it is derived.
Because the HA4600 buffer has an enable/disable feature, it will pass or reject the input waveform,
depending on the state of the enable pin (Fig. 2.). The input signal also is present at the input to the
HFA3046 transistor array, which has been configured as a high-speed, high-gain comparator. The
comparator squares up the input signal and applies it to the inputs of the two counters, X and Y. The
X counter controls the buffer ertable, and it determines how many cycles of the input waveform get
passed to the output. The forrr switches S,,, through S"., are binary-coded. Consequently, if two
switches (Sru:1 cycle and S.rr-2 cycles) a?e closed, thiee cycles of the input sine wave will be
passed to the output. F urthermore, the ir-rput signal is connected to the Y counter, which controls the
repetition rate by determining the OFF period between pulse bursts. The four switches Sr,, through
S* are binary-coded. When all of these switches are closed, the OF'f period will be 16 times the pe-
riod of the input waveform. With the X and Y counters set as described earlier, the repetition rate is
the reciprocal of (16 + 3) times the period of the incoming waveform. If a longer repetition rate is de-
sired, a flip-flop or another counter can be added in series with the output ofthe Y counter to extend
the OfF tinie. R6, R7, and R8 bias the long-tailed transistor at 10 mA, which is the optimum point for
speed. R5 and R6 are small enough to discharge quickly, thus preventing saturation. Configured as
shorm, the circuit will handle 10-MHz input signals with little degradation. The limit on fi'equency re-
sponse is the speed of the logic and the comparator delay time. The comparator delay time can be
eliminated by one-shotting out the deiay.
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RANDOM-NUMBEH GENERATOR

Ql +5v o, Q3
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oo
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+5V

s2
BOUNCELESS

swfrcH

CLOCK INPUT
+5Vs1

&"o.t

POPULAR ELECTRONICS Fig.41-6

The 74574 flip-flops shov,n in the circuit are arranged to form a 4-bit shift register. Binary data

enter the D0 input on U1-a and are sequentially shifted to each output (Q0, Ql, Q2, Q3) ll,lth each

clock pulse. The data input to the shift register come from the output of U3-a, one gate of a 7 486 .

That exclusive-OR gate compares two of the output bits from the shift register. If the two bits are the

same, then the output of U3-a is 0 V (or 1ow). If the two bits are different, then the output of U3-a is

+5 V (or high). Therefore, U3-a acts as a tl,pe of logicat-feedback network that changes the data at

D0, which, in turn, changes the outputs of the flip-flops. The effect of that network is to create a

pseudo-random sequence ofbits at the outputs ofUl and U2.
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TONE.BURST CIRCUIT

The tone-burst circuit puts out a 500-Hz tone,
at a rate of ). Hz, through an 8-O speaker, SPKR1.
Besides the 9-V battery and its connecting snap,
SPKR1 is the only non-surface-mount component
in the circuit. The circuit can also be built from
standard-size components.

Fig.41-7
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SIMPLE FREQUENCY cENERATOR (Cont.)

Table 1. Division Rates
and Output Frequencies

D0 Dl D2 D3 Div. Frequency (kHz)

L L L L 16
H L L L 15
L H L 114
H H L 113
L L H L12
HLHL11
L H H L.IO
HHHL9
LLLHS
HLLHT
LHLH6
HHLH5
L LHH4
HLHHS
LHHH2
HHHH -

125
133.333
142-857
153.846
166.55
18't.18'l
200
222.222
250
285.714
333.333
400
500
666.666
1000 (1MHz)

EVERYDAY PRACTICAL ELECTRONICS Fig.41-8

The circuit diagram for a simple frequency generator that uses a divide-by-lV counter, based on
a single 74HC761, is shown. Although ICla and IClb are NOR gates, in this circuit, they are used as
inverters in a crystal clock generator. This provides an accurate Z-MHz output signat that is fed to the
input of the divide-by-l'/ circult based on IC2 and ICic. An inversion is needed between the com-
parator output and the negative active preset enable input, and this inversion is provided by IC1c.
Unfortunately, setting the division rate is more convoluted than simply -"witing the required value for
tVto the data inputs (D0 to D3). Table 1 shows the division rates and output frequencies for the 16
input codes for IC2. If the data inputs of IC2 are controlled r-ia inverters, the dir,rsion rate is one more
than the value written to the port. Without a hardware inversion, a softrvare inversion is required.
This is actually quite easy, and it is just a matter of deducting the required division rate from 16 (e.g.,
for a division rate of 4, a value of 12 is wrltten to IC2). Notice that the nrilfmurn divisron rate is 2, and
that writing a value of 15 to IC2 will not give a division by 1 .
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ULTRA-FAST MONOCYCLE GENERATOR (Cont.)

THE NOMNVERTING 0UIPUT feeds a 2-ns co
axial delay line, which causes the signal to be delayed with r+
spect to the inverting output (A and B). the AND gate's inverting
output drives a second 2-ns delay linp. This delays the negativego-

ing pulse with reqpect t0 the positivegoing pulse (C and D).

ELECTRONIC DESIGN Fig. 41-9

This circuit (Fig. la) can test an ultra-fast sample-and-hold amplifier, producing the monocycle
shown (F'ig. lb) when triggered with a TTL input puise. The comparator (U1) squares up the input
pulse and drives the AND gate (U2) with complementary outputs. The hysteresis resistors are cho-
sen to provide reliable triggering despite the 50-O loading of the TTL input. The noninverting com-
parator output feeds a 2-ns coaxial delay iine, causing the signal to be delayecl with respect to the
inverting output (FiS. 2). This forces the outputs of the AND gate to change state for a period of time
equal to the delay. The inverting output of the AND gate drives a second 2-ns delay 1ine, delaying the
negative-going pulse, with respect to the positive-going pulse (Fig.2). The power combiner (U3)
sums the signals, producing a monocycle output. U4 amplifies the signal. Shorter pulses could be
produced by shortening the delay lines and replacing U2 with an AND gate from a faster ECL family.

lnput

0ut
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Wavelorm
output

Maximum
P-to-P

Frequency Conditions

Sine (l )
Trianqle (1 )
Square (2)

5V

5V

10 Hz-100 kHz

10 Hz- 50 kHz

1 V@800 kHz
1 V>500 kHz
Positive output DC-coupled,
ground ret: rise/{all >50 ns

Descending,6 ratesBamp (3)

(1) 0utput ievel variabie f rim min to max.
(2) 0utput level not adjustable.
(3) X and Y amplilude internaily adlustable.

SWEEP GENERATOR (Cont.)

TABLE 1

FUNCTION GENERATOH CHARACTERISTICS

TABLE 2
SWEEP RANGES OF THE FUNCTION GENERATOR

Switch Condition Frequency range

Preset
Preset
Preset
Preset

Resislance tuned
Besistance & VCO tuned

Resistance tuned
Resistance & VCO tuned

20Hzlo >Zk\z
<400H2 to >1 0kHz

< l kHz to >25kHz
5kHz to >1 00kHz
2kHz to 1 00kHz

<1 0Hz to >1 00kHz
<40kHz to >B00kHz
<1 00Hz to >BO0kHz

.l

2

3

4

5

6

' Ranges show {or positions 5 and 6 represent the total tuning range of the Iunction generator
and do not imply one continuous sweep.

ELECTRONICS NOW Fig. 41-10

Both IC2 and IC4 are Exar XR2206 monolithic function generators; IC4 functions as a ramp gen-
erator, and ICz functions as a generator of sine, triangular, and square waveforms. Dual operational-
ampllfier IC1 produces a scaled, level-shifted ramp output that is capable of deflecting an
oscilloscope's horizontal sweep. This ensures that the sw'eep generator and the oscilloscope's sweep
circuit are always properly synchronized. Any frequency of interest along the horizontal axis of an
oscilloscope that is coupled to this function generator can be measured with an external frequency
counter by manually tuning the function generator's VCO instead of sweeping it. The performance
characteristics of the sweep/function generator are summarized ln Table 1. The generator's sweep
rate and frequency can be set by front-panel rotary six-position su'itches, SWEEP RATtr switch 55
and I'RtrQUENCY su.itch 52. The VCO control R30 manually tunes the VCO. Table 2 lists the sweep
ranges of the function generator. Sweep ranges other than those covered in ranges 1 to 4 can be set
up as required on positions 5 and 6. Seiecting the VCO setting on the front-panel toggle switch 54
permits tuning any fixed frequency within the total frequency range of the instrument with both the
FREQUENCY swrtch 52 and VCO control R30.

379



23 22

PO P1 P2 P3 P4 P5 P6

100141

P7

S1
CP

SO

t)O

2

14

3 114 IU5 8 I
01 02 03 04 05

1l

SELF.STARTING DATA G ENERATOR

hclusive-0R = 100107

Xssi5tsrs = 330 0
1N4448 24

11 1r
Sync oul

0ala out

-4.5 \I
-4.5 

'J

ELECTRONIC DESIGN Fig. 41-11

Pseucio-random sequence generators built from shift registers and exclusive-OR gates often are

used to supply binary test data. If constructed from 100-kO ECL parts, such generators can run at

up to 200 Mbitsis. Although anl/-bit shift register can be connected to generate a sequence that re-

peats every 2N t bits, if it should start up in its all-zeros state, no output will be generated. What is

needed is a counter to inject a 1 or to preload the shift register wheneverl/ consecutive zeros are de-

tected. The illustrated circuit generates al27-b1t sequence. It provides a synchronization pulse once

per repetition without using additional parts, and it is guaranteed to start. It uses the "wired-OR"

property of trCL to generate a 1-bit period negative sync pulse when six zeros are present (only five

of these zeros are consecutive; a different set of l/-1 bits might be needed if a longer shift register

is used). The sync pulse parallel-loads the shift register with the next state in the sequence. As a re-

sult, no seven-zero detector is needed to start the generator.

Clock
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u1
t{1.15637

2
R2
3K

R3
1X

R4
30c,

c2
1uF

c3
o.27

c4
o. o47

n5
47X

P!NK-NOISE GENERATOR

5 I

lr-.r,=l
=s

ct
IOOuF

R1
6.6t(

c7
tAOuF

JI
out

c5
o. o47

NUTS AND VOLTS Fig.41-12

The MM5837 is a digital white-noise generator IC. It produces a clean white noise signal with
only a power source. White noise appears at the output of this IC when power is applied. The white-
noise signal is then fed through a -3-dB/octave filter to give pink noise. Because the minimum rolloff
with a single-stage RC (resistor/capacitor) filter is -6 dB/octave fbecause of capacitive reactance),
an unconventional filter design is needed. The technique involves cascading several stages of lag
compensation so that the zeros of one stage partially cancel the poles of the next stage. The result
is shown in the schematic of the figure. The response of this circuit is accurate to within x.7/2 dB.
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42

lmpedance Converter Circuits

Th" ,orr""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 circult correlates to the entry in the Sources section.

Negative Impedance Converter
Impedance Converter

382



2

ELECTRONICS NOW

/K

NEGATIVE IMPEDANCE CONVERTER

-/K

Recall that a resistor is a voltage-dependent
current consumer; this circuit does the opposite.
If you connect a battery to its input, the battery
will get charged, with exactly the current that the
battery rvould have delivered if you had con-
nected it to a 1000-O resistor. Ifyou put a 1000-O
reslstor in parallel with a 1000-0 NIC, you'ii get
w'hat looks like an lnfinite resistance. No matter
what voltage you apply (within limits), the NIC
will match it, and all the current flowing in the re-
sistor lvi11 come from the NIC, not from the exter-
nally applled voltage.

Fig.42-1

-?/

HIGH.
IMPEDANCE

INPIIT

3

+9V

IMPEDANCE CONVERTER

This circuit is a high-input-impedance-to-low-
output-impedance converter circuit with unity
voltage gain. In the circuit, an LM741 op amp, U1,
is connected in a voltage-follower circuit that dri-
ves a complementary transistor-emitter-follower
circuit. The output of the circuit can be used to
drive low-current lamps, relays, speakers, etc. The
feedback can be taken from the output to pin 2 of
the LM741 if it is desired to include Q1 and Q2 in
the feedback loop.

Fig.42-2

7

2
6

R1

LOW.
IMPEDANCE

OUTPUT

POPULAR ELECTRONICS

+9V

-9V

680rr

2N3906
Q2

U1

LM741

-9V

Q1
2N39(N
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43

lnfrared Circuits

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

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

IR Remote-Control Dc Interface
IR Remote-Control Test Set
IR Remote-Control Relay Interface
Phototransistor IR Receiver
Infrared Data T?ansmitter
IR Remote-Control T?iac Interface
See-Through Sensor
IR Remote-Control Model Railroad

Application
IR Remote-Control Receiver
IR Relay Circuit
Cordless Headphones

384

DTMF Infrared T?ansmitter
Warble Tone Infrared Ttansmitter
IR Remote Tester
Low-Cost IR Filter
Infrared Alarm Transmitter
Mono Cordless Headphone IR Ttansmitter
Infrared Alarm Receiver
Mono Cordless Headphone IR Receiver
IR Remote-Control Repeater
Infrared Data Receiver
lR LocalTalk Link Receiver
IR Remot e-Control Receiver
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DTMF INFRARED TRANSMITTER

VDD VDD
NC

XTAL

o1

R1

NUTS AND VOLTS Fig.43-1

This transmitter uses a 5089 DTMF generator chip and a keypad to generate DTMF signals and
modulate them on an IR light beam from an IR LED. Xtal is a3.579-MHz TVburst crystal.
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WARBLE TONE TNFRARED TRANSMITTER

R1

tcl ,

D1

D2
C1

c2
R1

C1
+

+1.5V

1M3909 LED flasher/oscillator lC

infrared LED

diode (1N4148, 1N914, or similar)
1 pF 5 V electrolytic caPacitor
47 p,F 5 V electrolYtic caPacitor
470 A l/q W 5o/o resistor

C2
+

tc2

TAB BOOKS Fig.43-2

ICI and IC2 are LM3909 LED flasher-oscillator devices. IC2 generates a low-frequency square

wave that modulates the frequency of IC1. This circurt is useful for IR testing, communications link
signal source, etc.
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IR REMOTE TESTER

s1

tffil
I TEST I

+

Br rrar,rlj_ Rt
*7

EVERYDAY PRACTICAL ELECTRONICS Fig.43-3

This remote handset tester is very useful and convenient, and could quickly pay for itself by
helping to recover faulty remote handsets. Pulsed infrared light generated by the handset falls upon
D1, which creates a pulse waveform across R1. This is capacitively coupled to the base of TRl, and
an amplified signal is coupled to C2 to a pulse-stretching circuit based around TR2, C3, and associ-
ated components. Hence, driver transistor TR3 conducts and illuminates the LED D2 whenever in-
frared light is received by Dl. A functional remote controller with fresh batteries will operate the
tester from approximately 500 mm, while one with nearly exhausted batteries may work over only a
few centimeters. Coincidentally, the design also self-tests its oum battery by giving an initial flash of
Dl when the switch 51 is first closed. The IR photodiode should be roughly a 940-nm type, while the
types of the transistors themselves are not crucial. The circuit will operate from a 6- to 12-Vrail (e.g.,
a 12-V battery), and C4 decouples the power supply rails.
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LOW.COST IR FILTER

300 400 000 700 800

ll,aYslellglh in nanomeloB

ELECTRONIC DESIGN Fig.43-4

When exposed to "cool white" fluorescent light for 5 s, the color negative (using Kodacolor 100

ASA film) produced after the developing process exhibits a sharp cutoff at about 830 mm. This is
perfect for many IR LEDs and other IR devices.
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INFRARED ALARM TRANSMITTER

S1

fFrTfl

+

3ji-
c

IR
t.E.D.\

EVEBYDAY PRACTICAL ELECTRONICS Fig.43-5

The circuit diagram for the infrared transmitter appears in this figure. The oscillator uses IC1 as
a relaxation oscillator. Capacitor C2 and resistor R4 are the timing components, and they are con-
nected between the output of IC1 and its inverting input (pin 2). A roughly square-wave signal is
generated at pin 6, the output of IC1. This signal is used to drive infrared LED Dl, via emitter-fol-
Iower buffer-stage transistor TR1 and crrrrent-iimiter resistor R5. The specified value for E" sets the
LED current at nearly 100 mA, but as the LED is switched off for about 50 percent of the time, the
average LED current is a little under 50 mA. This is the maximum acceptable drive current for most
normai infrared LEDs.
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INFRARED ALARM RECEIVER

EfiE',FFl

S,1

BLA

1

+
B1

12V
(8 x HP7)

EVERYDAY PRACTICAL ELECTRONICS Fig.43-7

The full circuit diagram for the infrared receiver is given here. TRl is a phototransistor, and it is
used ir a comrnon-emitter amplifier. However, no bias current is fed to the base (b) terminal of TR1.
The collector (c) current is governed by the light level received by TRl. The higher the received light
Ievel, the higher the current flow. The pulses of infrared from the transmitter therefore produce
pulses of leakage current through TR1, which give small negative pulses at TR1's collector. The out-
put signal for TR1's collector is coupled by capacitor C2 to a high-gain inverting amplifier based on
IC1. Resistors R2 and R5 are the negative-feedback network, and these set the closed-Ioop voltage
gain of ICl at 220 times. Capacitor C4 couples the amplified output signal from IC1 pin 6 to a con-
ventional half-wave rectifier and smoothing circuit (Dl,D2, and C5). Germanium, rather than sili-
con, diodes are used in the rectifier, because germanium types have a lower forward voltage drop.
This gives slightly improved sensitivity. The positive dc signal developed across capacitor C5 drives
the base of TR2, which is a simple common-emitter switch that controls the relay RLA coil.
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/K

/oR.
276

47tt

3 ,/ak

/R

5

R=
DS
TLC555

62rv3?O4

/2*

o.ol
AF

IR REMOTE-CONTROL REPEATER

ELECTRONICS NOW Fig.43-9

This circuit receives TV remote-control signals and retransmits them. The 555 oscillator pro-
vides 40-kHz modulation. The IR LED can be placed in another room.

INFRARED DATA RECEIVER

c2
1(}nF

V66 (5V)

HIGH - SIR
tOW- FIR AND 4PPM

6

LIGHT IN

D1

BPU22]'IF

TEMIC c4
1pF

ct
330pfI T" 1 optE

TTL DATA OUI

LINEAR TECHNOLOGY Fig. 43-10

The LT1328 circult operates over the full 1-cm to 1-m range of the IrDA standard at the stipu-
lated light levels. For IrDA data rates of 115 kb/s and be1ow, a 1.6-ps pulse u.idth is used for a 0 and
no pulse for a 1. Light levels are 40 to 500 mWsr (milliwatts per steradian). The figure shows a scope
photo for a transmitter input (top trace) and the LT132B output (bottom trace). Note that the input
to the transmitter is inverted; that is, transmitted light produces a high at the input, wirich results in
a zero at the output of the transmitter. The MODE pin fpin 7) should be high for these data rates.
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lR LOCAL TALK LINK RECETYER (Cont.)

Ioops, and a comparator. The only difference between the two channels is the response time of the
comparators: 25 and 60 ns. For the 125-ns pulses of IR LocalTalk, the 25-ns comparator with its ac-
tir.e pull-up output is used. The low-frequency comparator with its open collector output (with 5 kC)
internal pull-up) is suitable for more modest speeds, such as the 1.6-ps pulses or the IIDA-SIR. Each
gain path has an ac coupling loop similar to the one on the preamp. Capacitance Co, sets the high-
pass corner at 140 kHz for IR LocalTalk. The loops serue the additional purpose here of maintaining
an accurate threshold for the comparators by forcing the dc level of the differential gain stages to
zero. As the preamp output is brought out and the inputs to the two comparator channels are
buffered, the user is free to construct the exact filter required for the application by the careful se-
Iection of external components. Pur, Cor, C r.,r,R",r, Cr,,, and -Bo, form a bandpass filter with a center fre-
quency of 3.5 MHz and 3-dB points of 1 MHz and 12 MHz. Together with the high-pass ac loop in the
preamp and the 7-MHz response of the preamp, this forms an optimal filter response for IR Lo-
calTalk.
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IR REMOTE.CONTROL RECEIVER
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c5
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+5V
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DC
IN

DECODED OUTPUTS

(7 ro 2s voLTS)
a

+5V

ELECTRONICS NOW Fig.43-12

A schematic diagram of the remote-control receiver is shovm. The heart of the circuit is ICl, a

PIC16C54 8-bit CMOS manufactured by Microchip. The microcontroller stores its data in IC2, a
93LC461-kbit serial EEPROM (electrically erasable programmable read-only memory), also manu-
factured by Microchlp. In this application, the 93LC46 has a three-line interface with the microcon-
troller. The three lines are CHIP SELECT, CLOCK, and DATA IN/OUT. Because DATA IN and DATA
OUT share the same line, a resistor (R2) limits the current flow during transitions between writing
and reading when there are conflicting loglc levels. The microcontroller communicates with the
93LC46 by placing a logic high on the CHIP SELECT pin. Data are then transferred serially to and
from the 93LC46 on the positive lransition of the CLOCK line. Each read or rnrite function is pre-
ceded by a start bit, an opcode identifiang the function to be performed (read, wri.te, etc.), then a 7-

bit address; this is followed by the 8 bits of data which are being nritten to or read from that address.
Immediately precedi:'rg and following all write operations, the microcontroller sends instructions to
the 93LC46, which enables or disables the u,rite function, thereby protecting the data that have been
stored. In the programming mode, IC1 reads an IR data stream from MOD1 and converts it to data
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lR REMOTE-CONTROL RECEIVER (Cont.)

patterns that can be stored in IC2. These data patterns are held for comparison while the unit is in
normal operation. Polr.er fbr the circuit is conditioned by IC3, a 78L05 1ow-current, 5-V regulator,
which will accept any dc input voltage between 7 and25 V. Capacitors C1 and C2 stabilize the oper-
ationof theregulator. CrystalXTALl setstheinternaloscillatorof ICl to 4MHz. JumperJUl consists
of two closely spaced pads on the PC board that, w'hen momentarily jumpered with a screwdriver or
other piece of metal, places IC1 in the programming mode and lights LED1. The source and object
code are available on the Gernsback BBS (516-293-2283, v.32, v.42bis) as a file cailed IREC.ZIP for
those ivho wish to program thelr orvn PICs and have the proper equipment to do so.

IR REMOTE.CONTROL DC INTERFACE

7TO%
vDc

ELECTRONICS NOW Fig.43-13

This circuit can be used to interface dc loads up to 500 r'n A to the IR remote control.
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ELECTRONICS NOW

This circuit can be used to check out operation of the IR remote control.

Fig.43-14
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IR REMOTE-CONTROL RELAY INTERFACE

12VDC

ft1 r\
ELECTRONICS NOW Fig.43-15

This circuit can be used to interface a relay to the IR remote control in order to control large ac
or dc loads.
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PHOTOTRANSISTOR IR RECEIVER

t voo
VDD
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R3

c1

TONE OUT

NUTS AND VOLTS Fig.43-16

This receiver uses an op amp and a phototransistor as a receiver for IR signals. Q1 is a photo-
transistor. The op amp is a CMOS or FET, such as a TL081, etc. R1 and R2 depend on the photo-
transistor, but are tlpically 2.2kfl" and 330 f,), respectively. R3:R4:10 kf), R5:100 kf,), and C1 is
0.1 pF (or larger).
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LINEAB TECHNOLOGY Fig.43-17

This figure shows an IrDA transmitter.
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IR REMOTE-CONTROL TRIAC INTERFACE

7 TO25
vDc

LOAD

TBIAC

120V 60Hz

ELEcrRoNrcs Now Fig. 43-18

This circuit can be used to interface a triac to the IR remote control in order to control ac loads.

SEE-THROUGH SENSOR

+12V

.SEE TEXT

POPULAB ELECTRONICS Fig.43-19

In this circuit, an infrared emitter LED (LEDI) is aimed at an infrared phototransistor (Q1). As
long as the IR light path between the two remains uninterrupted, transistor Q2 win keep relay RY1
closed. Any opaque object blocking the Jight path will cause RY1 to open. This circuit is a see-through-
t5,pe light sensor. Such units are often used as part-in-place detectors and parts-counter sensors.
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IR REMOTE-CONTROL MODEL RAILROAD APPLICATION
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ELECTRONICS NOW Fig.43-20

This circuit can be used to interlace two triacs to the IR remote control in order to control model
railroad track switches.
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IR REMOTE-CONTROL RECEIVER

J1

MALE
D8.25

PRINTER
POHT

ELECTRONICS NOW Fig.43-21

The figure shows a schematic of the IR receiver circuit. The heart of the circuit is MODl, an in-
frared detector module that removes the IR carrier frequency and transmits only the data that are
encoded in the received IR signal. A suitable IR module is available at Radio Shack (No. 276-137).
The IR rnodule needs a clean 5-V power supply, which is provided by IC1, a7805 regulator. Power is
supplied to the regulator by 9-V battery 81. The output of the module is wired to a male DB-25 mul-
tipin connector. The infrared detector module receives a signal, filters it, and removes the 40-kHz
carrier. The output of the module is a TTl-level signal consisting of long and short pulses. The PC
records those voltage levels over time, while the signal is being sent, and stores the data in a file. The
Iine normally used by the PC's printer port to indicate that the printer is out of paper (pin 12) is used
in this project to accept data from the IR module. The I/O port is located at the address ox379. Bit 5
corresponds to input pin 12. Various software programs are required to let a PC store information in-
puttoitsprinterport. (Allof thesoftwareisavailableontheGernsbackBBS-516-293-2283,v.32,
v.42bis-contained in a file called IR-TEST.ZIP.) The source code of the first program, IRLOG.EXE,
is written in C. The program stores the value it reads from the PC's printer port into an array. When
the input line is logic high, the ASCII character 1 is stored in the array. When the input J.ine is logic
Iow, ASCII character 0 is stored.
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IR RELAY CIRCUIT

POPULAR ELECTRONICS Fig.43-22

All IR is received by the module via an IR photodiode. The diode is operated in its reverse-bias
current it permits depends on the intensity of the received infrared light. The fluctuations in the re-
verse-bias current are then amplified by a high-gain stage. The output of the amplifier is then "lim-
ited" by the next stage. The limiter chops the extreme highs and lows off the amplified signal, and
the result is a quasi-digital pr-rlse train. The simplified wave then passes through a bandwidth filter
that has its center frequency at 40kHz. At that point, the circuit has effectively retrieved the 40-kHz
remote carrier. The reproduced carrier is then integrated. The next stage is an "inverting Schmitt
trigger." It will not go low unless the filter's output signal surpasses a certain amplitude, and it will
not go high again until the signal drops below a certain minimum. Thus, the Schmitt trigger responds
only to large changes in the filter's output (caused by bursts and pauses) and ignores small changes
(caused by the 40-kHz carrier, to which the filter can't respond quick$. The Schmitt trigger's out-
put is thus low when a 40-kHz burst is received, and high during pauses between bursts. The result-
ing waveform is an inverted version of the pulses that were modulated and transmitted by the
remote. The oscillator circuit is based on a 555 timer. With D3, R2 is bypassed (or shorted out) while
Cl is charging, but is in the current path during discharge. Therefore, with R1 and R2 made equal,
the charge time equals the discharge time, yielding an output with a 50-percent duty cycle. Compo-
nents R1, R2, and C1 (a11 precision, drift-free units) have been chosen to provide a 40-kHz output in
this configuration. That output strobes the IR LEDs via Q1. The osciftator functions only when pin 4
of the 555 is high. Because that pin is connected to the inverter circuit, the oscillator functions when
the inverter's input is low. The inverter's input is connected to MOD1's output, which goes low with
each remote burst received. So overall, the circuit produces a 40-kHz IR burst when it receives one.
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CORDLESS HEADPHONES
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(a) TRANSMITTER (b) RECETVEB

EVERYDAY PRACTICAL ELECTRONICS Fig.43-23

It is possible to use headphones with no direct connection to the audio source. This figure illus-
trates a simple transmitter circuit suitable for connecting to an audio source. Diodes D1 to D3 are
three infrared LEDs in series, driven by TR2, an z-channel MOSFET with a drain-current rating of
500 mA maximum. The illumination of the LEDs is modulated by the audio signal applied, with TR1
current-limiting and shunting the bias of TR2 to ground when TR2 source current exceeds roughly
100 mA. Potentiometer VRl should be adjusted for best results. A 9-V power supply is best used in
this circuit because of the sustained level of current consumption. The transmitter range is about 1

to 2 m, but this can be extended by using reflectors behind the diodes.
A suggested receiver circuit, using an infrared photodiode, D4,to detect the IR light, is shown

in (b). The received signal is ac-coupled to TRS, another MOSFET. The output is taken from the
drain terminal via capacitor C5. Bias can be adjusted with potentiometer VR2, and this circuit will
run from a PP3-size battery. The circuit could be adapted for other applications.
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44
(

lnverter 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.

Gate Inverters
Regulated Low-Noise Voltage Inverter
D-Bistable
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CORDLESS HEADPHONES
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(a) TRANSMITTER (b) RECETVER

EVERYDAY PRACTICAL ELECTRONICS Fig.43-23

It is possible to use headphones with no direct connection to the audio source. This figure illus-
trates a simple transmitter circuit suitable for connecting to an audio source. Diodes D1 to D3 are
three infrared LEDs in series, driven by TR2, an z-channel MOSFET with a drain-current rating of
500 mA maximum. The illumination of the LEDs is modulated by the audio signal applied, with TRl
current-limiting and shunting the bias of TR2 to ground when TR2 source current exceeds roughly
100 mA. Potentiometer VRl should be adjusted for best results. A 9-V power supply is best used in
this circuit because of the sustained level of current consumption. The transmitter range is about 1

to 2 m, but this can be extended by using reflectors behind the diodes.
A suggested receiver circuit, using an infrared photodiode, D4,to detect the IR light, is shown

in (b). The received signal is ac-coupled to TRS, another MOSFET. The output is taken from the
drain terminal via capacitor C5. Bias can be adjusted with potentiometer VR2, and this circuit will
run from a PP3-size battery. The circuit could be adapted for other applications.
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Inverter Circuits

Th" ,o.,.""s of the followtng 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.

Gate Inverters
Regulated Low-Noise Voltage Inverter
D-Bistable
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WILLIAM SHEETS

Logic gates can be conflgured as buffers or inverters as shown.

OUTPUT

Fig.44-1
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REGULATED LOW.NOISE VOLTAGE INVERTER

5V

4.lp,t c2

E -I'0.1uF

4

FEBBITE BEAD

cour
10pF

5mA
Vour
li-olo

E T 0.1rlF
c1

0 1!F

LINEAR TECHNOLOGY POWER SOLUTIONS Fig.44-2

Analog ce1l phones rely on a quiet GaAsFET bias supply to maximize the signal-to-noise ratio,
providing a high-quality transmission. The LTC1551CS8-4.1 switched-capacitor voltage inverter cir-
cuit shov,n reduces output noise to iess than 1 mV on the -4.l-V regulated output voltage. The
900-kHz operating frequency allows the charge pump to use small 0.l-pF capacitors. The 10-pF
and 0.1-pF output capacitors effectively reduce the 900-kHz ripple noise to relatively insignificant
levels. The LTZ1550CS8-4.1 has an active lou- shutdown input (SHDN), u,,hereas its counterpart,
the LTC1551CS8-4.1, has an active high shutdor,r'rr input. This choice minimizes component count.
The LTC1550 and 1551CS8-4.1 both operate in doubler mode, meaning that they only invert the in-
put voltage and regulate it down to -4.1 \r. The input voltage range is 4.5 to 7 V.
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ELEKTOR ELECTRONICS Fig.44-3

The interesting point of this circuit is that a D-type bistable is used as an inverter. When the ievel
at the input changes from high to low, the bistable is reset and its I output goes high. When the in-
put becomes low, the reset is removed and the I output goes low. The deiay introduced by network
R1-C1 between the RESET input ard the CLOCK input makes it possible to trigger the bistable at the
leading edge of the input signal. As an example, in the case of a dual D-bistable T}pe 74HCT74, the
time needed for a clock pulse to be accepted after the reset has been removed is 5 ns. Therefore, an

RC introducing a delay of 7.5 ns gives a reasonable safety margin. The reduced edge gradient of the

clock pulse does not create any problems because the maximum allowed rise time of the clock input
is 500 ns. To obviate as;.tnmetrical output signals, it is advisable to limit the input frequency to about
1 MHz with component values as specified.
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Laser Circuits

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

Laser-Beam-Activated Relay
Laser-Activated Relay with Amplifier
Laser-Diode Driver
Laser-Diode Driver
120-Vac Singie Heterostructure Laser Driver Supply
Low-Cost Laser-Diode Driver
Single Heterostructure Laser Driver
Laser Receiver Detector and Audio Circuit
Laser Current Modulation
Laser Modulation
Laser Transmitter
Laser Modulation with Current Source
Photomultiplier Laser Receiver with Video Amplifier
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+6-12v

PHOTO
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Ir{SER+
BEAM +

5-12V DC

ELECTRONICS NOW Fig.45-1

This two-transistor relay circuit will activate whenever the phototransistor is illuminated by the
laser beam.

LASER-ACTIVATED RELAY WITH AMPLIFIER

'100()

F---OOUTPUT

I-ASER+
BEAM +

ELECTRONICS NOW Fig.45-2

A low-noise amplifier is used in conjunction with a phototransistor to allow higher sensitivity
than the detector alone would provide.

410

r-O-----oourpur

5-1

100K
SENSITNITY

c

lNg't4

I
+V

R't
1 MEG

SENSrnvrY

1 1t914

2N3904

H



45

Laser 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.

Laser-Beam-Activated Relay
Laser-Activated Relay with Amplifier
Laser-Diode Driver
Laser-Diode Driver
120-Vac Single Heterostructure Laser Driver Supply
Low-Cost Laser-Diode Driver
Single Heterostructure Laser Driver
Laser Receiver Detector and Audio Circuit
Laser Current Modulat ion
Laser Modulation
Laser Ttansmitter
Laser Modulation with Current Source
Photomultiplier Laser Recelver with Video Amplifier
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ELECTRONICS NOW Fig.45-1

This two-transistor relay circuit will actlvate u.henever the phototransistor is illuminated by the
laser beam.
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ELECTBONICS NOW Fig.45-2

A low-noise amplifier is used ln conjunction wrth a phototranslstor to allow higher sensitivrty
than the detector alone would provide.
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trmsistor
Drive

LASER-DIODE DRIVER

+100V
(or more)

Curent monilor

Lter diode

TAB BOOKS Fig.45-3

One way to drive a single heterostructure laser diode. The transistor is driven in avalanche
mode, producing short-duration pulses of current.
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POPULAR ELECTRONICS Fig.45-4

Tl, a24-Yac wall transformer, drives a fuLl-wave quadrupling rectifier, which produces an output
of 120 Vdc. Components R1, R2, D6, and Q2 form a 5.7-mA constant-current sink. Use a heatsink on

Q2, whlch can be any l-W or higher transistor with a (.o of 150 V or more. Components C5, R3 to R6,

D5, LED1, and Q1 form an avalanche osciliator that runs at lto 5kHz T?ansistor Q1 must be se-

lected for a breakdornm voltage of between 90 and 1 1 0 Vdc. Build the power-supply section on a sep-

arate circuit board using standard methods. Resistors R4 to R6 must be carbon, {-W units, or can all
be replaced by a single 1-W 1-O carbon unit. Use short leads throughout on this assembly to avoid
current undershoot. Use a socket to mount Q1, and a female pin for the anode of LED1.
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120-VAC SINGLE HETEROSTRUCTURE LASER DRIVER SUPPLY

vRt-1MO
FIRING RATE CONTROL

HOr (BLACK)

R4
330 K

I1

R1
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R7
47KIzW

I
120
vAc
IN

L
E

c4

Clmt U,r{tlng

f,Elstor R(s)

-+
-

Laser Diode

NEUTRAL
(wHrrE)

D3 1

Resistors 1/4w
unless noted Single Heterostructure Onlyl

NUTS AND VOLTS Fig.45-5

This figure shows the complete schematic of the 120-Vac SH power supply. The circuit consists
of a polarized plug, a voltage doubler, a large-value storage capacitor, two neon indicator lamps to
show that ac and dc power is present, a 1-MO firing-rate control, and the "business end" of the sup-
ply to drive the laser. 12 is also a safety light. When it is on, the laser should be considered operating.
The current to the voltage doubler is limited by resistors RI to R3, and by the capacitive reactance
of capacitors Cl and C2.R7-a 47-kO, {-W resistor-Iimits the input power to the avalanche circuit
to avoid overheating the diode or Q1. The capacitors and resistors serve to isolate the circuit from
the ac line sufflciently to prevent a shock hazard; however, you can still get shocked. Be sure you put
this device in a nonconductive case, and obey the polarity of the polarized plug. Don't touch any part
of the circuit while it's plugged in, either. Be sure you use a plastic potentiometer for \rR1, or a sep-
arate control-type potentiometer with a plastic knob.
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LEOl lasing

c1
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B9

820

c2
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3.0 l,
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+
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100t
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RO

10r
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ulA
3 til330

diode
drlYsl

2

Rl1

2k

12

u
2.1Y

25C3039

+

IEC

IEC controller

t{ole: The laser diode, pholodiode, IH, and IEC eome in one package (0tit5S8i6 lasor'diode module).

ELECTRONIC DESIGN Fig.45-6

The clrcuit presented is a low-cost laser-diode driver with current limiting and a lasing monitor
for safe operation of the laser. The driver provides temperature stabilization using a buill-ln thermo-

electrlc-cooler (TEC) controller. This circuit is designed around a QLM5S876 1.55-m laser-diode

module with a built-in monitor photodiode, TEC, and thermistor. The laser is driven by the constant-

current source Q2 and Q1. The drive current is stabilized against supply changes by Zl,limited by

R2, and adjusted by R3 to the desired operating point. When the current is small, the laser doesn't

lase and the monitor photodiode detects no optical polver. As a result, comparator UlC goes below

its trip point and LED1 turns off. When the current is adjusted and passes the laser threshold, suffi-

cient optical power is generated by the laser, causing photo current to flow through the photodiode

and the comparator to drive the lasing monitor indicator LtrDl to on. The TEC controller circuit is a

feedback system. If the temperature is higher than the set point, the comparator output will be high

and will drive the TEC element through R15, Q3, and Q4. The TEC drive current is limited by 22.

When the TEC is driven on, it cools the laser. This lncreases the voltage of the inverting output until
it passes the comparator's upper trip point and turns off the TEC's drive current. The temperature

set point can be adjusted by R16.
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SINGLE HETEROSTRUCTURE LASER DRIVER

Approx.
+1 sovdc 47k,1tht

OIODE

.ORIVER

SH
Laser

\

NUTS AND VOLTS Fig.45-7

One way to reliably achieve the fast rise-time pulse of short duration to power SH lasers is to use
the phenomenon called auo,l,onclting of a transistor. T?ansistors have a breakdoy,n voltage, abbrevi-
ated as V,,.,,i 7f this voltage is exceeded, the transistor will spontaneously conduct with its coilector-
to-emitter circuit open and the voltage applied to its collector. This produces a pulse whose rise time
is extremely fast-on the order of 1 or 2 ns-and whose duration is related to the capacitance at the
collector. The operation is as follows: Current rises at the base of transistor Ql when the voltage on
Cy has risen enough to jump over and break down the coilector-to-emitter junction. For the 2N2222,
this is typically 75 to 80 V. When the transistor breaks down, it sends a high-current pulse of energy
through a low-value carbon film resistor R(s). With the 0.022-pf capacitor shou.n, the duration of
the pulse to the laser is only about 75 ns. This capacitor must be specifically designed for low induc-
tance. Note the high-speed switching diode D1. Its purpose is to damp out any reverse voltage that
might occur in the circuit due to inductance after the laser turns off because a reverse voltage of only
3 V can destroy the SH laser. The rise time of this diode is comparable to that of the avalanche cir-
cuit, being oniy 6 ns before it begins to su,itch. The values of the capacitor and the current-limiting
resistor R(s) depend upon the tlpe of SH laser diode used.
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LASER RECEIVER DETECTOR AND AUDIO CIRCUIT (Cont.)

Video preamplifier output can be switched between an audio amplifier that establishes the cor-
rect level of the demodulated baseband audio when used for short distance test links and a phase-
Iocked loop (PLL) that demodulates an FM subcarrier when used for longer distances. The PLL VCO
is set to a 100-kHz subcarrier frequency. The error signal generated as the VCO tracks the FM signal
produces the demodulated audio. Either of these outputs is sent to a 300- to 3000-Hz bandpass filter
and on to an audio power amplifier capable of driving a low-impedance speaker or headphones. The
dc power supply for these circuits is provided by a filtered 12 Vdc input.

LASER CURRENT MODULATION

5lk
2W A

+HV

COMMUNICATIONS QUARTERLY Fig.45-9

Depending on laser characteristics, only a small percentage of modulation (around 10 percent)
is possible with this scheme.

LASER MODULATION

lNPUT
TRAI.ISFORMER

ELECTRONICS NOW Fig.45-10

Electronic modulation of a laser beam can be handled in this fashion. Obviously, the transformer
you use must be able to handle the high voltage from the laser power supply without breaking dovrn.
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LASER TRANSMITTER (Cont. )

A current modulator is connected to the cathode ofthe laser. The quiescent current is set at 4.1
m-4, and the modulating signal is set to vary the current only by t0.7 mA. A well-protected and by-
passed 0- to 10-mA meter is used in the ground leg to set and monitor the iaser's quiescent operat-
ing current. A 51-kO, 2-W ballast resistor close to the anode lead of the laser stabilizes the discharge.
The voltage across the sustaining supply should be 1.45 kV dc at full 1oad. Remember that the sub-
carrier frequency must be no greater than 200 kHz, and that the peak-to-peak signal voltage into the
modulator must not exceed 1.4 V p-p. (There are any number of ICs that operate as voltage con-
trolled oscillators to produce the FM subcarrier.)

LASER MODULATION WITH CURRENT SOURCE

+12VDC
5lk
2W A

+HV

lok
l12w

IO TURil POT
NTE936
IHEATSINX I*-l

MOD.
SIGNAL 0.1pF

100 vt h lk
lwlt?w

COMMUNICATIONS OUARTERLY Fig.45-12

Because atmospheric turbulence can become bothersome, any low-frequency baseband inten-
sity modulation will become corrupted over long distances. To overcome this limitation, the infor-
mation must be frequency-modulated up to 200 kHz in this manner. To obtain a more desirable
current modulator for subcarrier modulation, use a transistor as a variable-current source to vary the
current through the laser. Here the quiescent operating current through the laser is set at 4.1 mA by
a potentiometer in the base bias circuit. Assuming a 0.7-Vdc drop across the transistor base-emitter
junction and a 1000-O resistor in the emitter lead, the quiescent bias voltage from base to ground is
4.8 Vdc. The input voltage must vary 1.4 V p-p to cause a t0.7-mA current variation through the
Iaser. To effect this, the modulation signal source must provide up to a 1.4-V p-p signal into the laser
current modulator circuit.
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PHOTOMULTIPLTEH LASER RECEIVER WITH VIDEO AMPLIFIER

r .I
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COMMUNICATIONS QUARTERLY Fig.45-13
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PHOTOMULTIPLIER LASER RECEIVER WITH VIDEO AMPLtFIER (Cont.)

This is a circuit diagram for the inexpensive 931 side-looking PMT and its resistor divider net-
work. This circuit maintains the proper voltages for the dynodes. The capacitors across the last three
network resistors improve the frequency response of the PMT to modulated signals. A milliammeter
in the PMT anode circuit registers the average PMT current under the medium to high lllumination
encountered during diagnostic tests. A PMT preamplifier uses a 733 (or equivalent) wideband am-
plifier. Because the demodulated signal can be either a direct baseband signal or a baseband signal
modulated onto a subcarrier, the preamplifier must be capable of amplifiang all the demodulated sig-
nal frequencies. The preamplifier is designed for a70-Hz to 1S-MHz bandwidth at the -3-dB points
and for a gain of 80. Because the signal detection circuits will probably be piaced in a separate hous-
ing, the video preamplifier is designed to drive a 50-O cable. With the high-current multiplication in-
herent in the PMT, the PMT noise wrll predominate over the r,tdeo preamplifier IC noise.

421



46

Latch Circuits

Th" .our""s of the following circuits are contahed 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.

T?ansparent Laich
PB Switch-Activated Latch
Latching Switch Circuit
Digital Latch with Safety Reset Feature
555 Latch
One-Button Latching Switch

422



TRANSPARENT LATCH

fi 3.3t ft 3,3r

1,? 74AC126-Aclive high Li

0D

IT

0

TE llcc

1[ 74AC125.Aclive low LE

ELECTRONIC DESIGN Fig.46-l

The circuit depicted here, which yields two independent latches per chip, is rather simple and
inexpensive to build (see the figure). The second buffer A2 is wired with resistor Rl in the feedback
path (ignore ,{1 for the moment). A2 with feedback resistor R1 is a stable latch. Because of the very
Iow input current requirements of A2, there is hardly any voltage drop across R1. As a result, the in-
put is the sarne as the output, and that is fed forward through the buffer, maintaining a stable level.
When buffer A1 is enabled, the input of A2 is driven to the same level as D. Even if A2's output (Q)
is at an opposite logic level, which can happen momentarily (for a gate delay) when D is opposite to
Q, A1 is required to sink or source current through R1. After a gate delay, this signal propagates to
Q. Both sides of Rl are now at the same logic level. When the LE signal goes inactive, A1 tristates and
the latch will hold the level present at D one setup time prior to LE's going inactive.
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PB SWITCH.ACTIVATED LATCH

r5V
To

Switch€s
6

E 470Q
7

3 l0R

I

A

+5V A B LED

ON OFF ON

BFF 0il OFF

TPIITH TABLE

L6sl lnDut

i;
To
Pin 6
0f 0p-Amp

NUTS AND VOLTS Fig.46-2

tF l5l

47KQ
4.7Ko.

olr

ELECTRONICS NOW

LATCHING SWITCH CIRCUIT

One button turns the LED on, the other turns
it off. If you apply a positive pulse to the SET in-
put, the output turns on. It remains on until a pos-

itive pulse is applied to the RESET input to turn it
off. (TTL flip-flops such as the 74L574 are actu-
ated by negative, rather than positive pulses.)

Fig.46-3
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U2A
7404

U2C
7408 U3B

7432

DIGITAL LATCH WITH SAFETY RESET FEATURE

S

7404

R

U1
7404

Time

NASA TECH BRIEFS Fig.46-4

The time diagram iilustrates the various modes of operation of the circuit. A high S input causes
the output (Q) to go low. Thereafter, a high R input can reset Q to high, but only so long as S remains
low.

The asl, rchronous digital latching circuit ls designed for use in a safety-related application, like
turning off power in response to an alarm signal. During normal operation in the absence of an alarm,
the SET (S) and RESET input voltages are low or off, whiie the output voltage (Q) is high or on. The
SET input constitutes the alarm signal: Whenever "S" goes high (on), Q goes lorn, (off), and thereafter
remains low, even when S goes low. Thus, for example, the circuit keeps a po\\,er supply turned off
even when the alarm has been shut off. Ifa safe condition has been restored, then the circuit can be
reset to Q high by applying a high (on) signal to the RESET (R) lnput terminal. However, regardless
of the R input level, Q cannot be driven high as long as S remains high; that is, the circuit cannot be
reset if the alarm srgnal is still on. Thus, the RESET signal cannot override the alarm signal and
thereby provide a false indication of safety. Also, this does not go into oscillation when the SET and
RESET inputs change simultaneously.

o

U3A

U2B
7408 UlB

7404

(s)

(B)
(o)

o
c,)6
E
(B

.9)a
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12-Vdcinpulpower +

555 LATCH

0.1pF

tED on-off indicator

"0n"

_J_L-
+ 12-V dc output

200 mA maximum

10 k

*ffii*l
_l

Remole-conkol unil

0.1

ELECTRONIC DESIGN Fig.46-5

Using a 555 chip in the memory mode, this push-button-controlled }atch switch can source up to
200 mA of load current. Only one pair of wires is required to interface the ON and OFF push buttons
to the control circuitry. The memory-mode feature of the 555 chip is implemented by connecting the
trigger (pin 2) and threshold (pin 6) inputs together and applying one-half the supply voltage via a

resistor network. Momentarily forcing the input low causes the output to go high, while forcing the
input high causes the output to go low. To facilitate remote operation of the latch switch using one

pair of wires, one resistor in the voltage-divider network is installed in the remote-control unit.
Shorting this resistor out with the ON push button causes the output to go high. Conversely, opening

this resistor with the OFF push button induces the output to go low. The Rl-Cl network connected

to the RESET input (pin 4) forces the tatch to come up in the OFF state when power is first applied.

The LED on-off indicator is kept off whenever the discharge output (pin 7) is conducting. When the
output (pin 3) goes high.
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ONE.BUTTON LATCHING SWITCH

J+

rnF510

ELECTRONICS NOW Fig.46-6

The SET and RESET inputs are grounded, the inverted (-Q) output is fed back to the D input,
and the pulses go into the CLOCK input. Each positive pulse makes the flip-flop toggle from one state
to the other. The TLC555 chip in the figure selves two purposes. It inverts the pulses so that you can
get a positive pulse from a switch that is connected to ground. More importantly, it also "debounces"
the switch. When you press a button, it doesn't just make contact once-the contacts "bource,"
opening and closing three or four times. The 4013 would toggle once on each bounce, Ieading to un-
predictable results. The TLC555 uses a resistor and capacitor to smooth out these fluctuations so
that each press of the button produces only one pulse.
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47

Light-Control Ci rcu its

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.

Dc Lamp Dimmer
Incandescent Lamp Touch Control
Christmas Light Dimmer
Incandescent Lamp-Life Extender
Timed Night Light
Th,inkle Ttee
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DC LAMP DIMMER

lcla lclb40106 40106

OV

EVERYDAY PRACTICAL ELECTRONICS Fig.47-1

The dc lamp dimmer circuit wiil adjust the brightness of a dc lamp or the speed of a suitable dc
motor. An oscillator is formed around Schmitt inverter IC1a, and is buffered by IC1b. This, in turn,
drives TR1, which is a Darlington po\\'er transistor. The lamp LP1 forms the collector (c) load for the
transistor, and this is driven at a nominal 330 Hz. The duty cycle is, however, fully variable using po-
tentiometer \G,1. Consequently, the power delivered to the load can be controlled between 5 and 95
percent, approximately. No flicker will be apparent at this frequency. The circuit consumes little
power itself and is ideal for controlllng car lnstrument panel lights.

INCANDESCENT LAMP TOUCH CONTROL

+1

l1

An IRF'511 power MOSFET controls an incan-
descent lamp. This circult is useful where low-
voltage dc is used.

POPULAR ELECTRONICS Fig.47-2

c1
ffi

TR1
lP121

1m

r 9

I
I

t5vv

CONTACTS

R5
10K

R1

22MEG tRF511

n2
22MEG

R3 R4
22'MEG
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CHRISTMAS LIGHT DIMMER

24OV A C
LIV€

LAMP LOAO
(TREE LIGHTS)

L1
5fH
APPROX

{24 CURRENT
BATING)

I
I
I
il
I
I

c1
22n
250V
A,C

s1b

ALL RESISTORS 5OOV \,I/ORKING

EVERYDAY PRACTICAL ELECTBONICS Fig.47-3

This is based on a standard diac/triac dimmer configuration, which has been optimized for this
application. Resistor R2 is, however, optional and was included only to help discharge the capacitors
quickly. All capacitors are 260-Vac X2 rated (thi,s i,s uerg i,m,portant), all resistors are 500-V work-
ing voltage, and triac CSR1 was chosen for its low holding current so that it wottld function with small
loads. Note that VR1 is fitted with a double-pole mains switch for complete isolation. Even with only
one 2O-lamp string pluggedn (22 W), control is very smooth with barely any trace of hysteresis. This
circuit can be built safely on a piece of matrix board, wired point-to-point, provided it is mounted in
a completely i,nsulated plasti,c case and that no external components (i.e., 51 and VR1) are metal.
(Do not bui,ld thi,s c'ircu'it i,f gou do not understatnd the safety requ'irements.)
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+'16-24v

G

POPULAR ELECTRONICS

o

INCANDESCENT LAMP.LIFE EXTENDER

Fig.47-4

The cold resistance of an incandescent lamp is
normally very low compared to its operating resis-
tance. Each time such a lamp is turned on, the ini-
tial current is several times greater than its rated
operating current. The life-extender circuit will
work with any incandescent lamp that operates at
a voltage of 1.5 to 12 V and a current of 1 A or less.
Look up the lamp's normal operating current and,
using an ammeter, set Rl so that the normai oper-
ating current flolvs to the lamp. Now, each time the
lamp is switched on, the inltial current will be lim-
ited to its preser value.

200fi

TIMED NIGHT LIGHT

330rr

POPULAR ELECTRONICS Fig.47-5

A small lamp is turned on via switch Q2 for a predetermined time. S1 initiates the 555 timer cy-
cle, holding on Q1 and switch Q3, supplying power to the circuit, and Q2, turning on the lamp. At the
end of the cycle, power is removed from the circuit because Q3 is cut off. Therefore, no current is
drarm from the battery during standby.
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R2 R3

TR2

c2

TRI

L E DS

t2

R5

3 t2

t2
t4

3 ro67

15891314il
tc2

9

rcl

TWINKLE TREE

ol

ECB
rRt/2 g

rc2

lcl

ELECTRONIC EXPERIMENTERS HANDBOOK Fig.47-6

Thrinkle Ttee is an easy project for beginners to build, and its basic circuit has a number of use-

ful applications. The circuit's visible action appearc as a string of 10 LEDs (light-emitting diodes)

flashing on, one at a time, in sequence, this being repeated so long as the circuit is powered. The

LEDs can be used on a small table decoration, in the form of a Christmas tree, or around a picture

frame; or they can be placed at various points on a hanging decoration, such as a bunch of mistletoe,

or can be incorporated in other decorations or modes. The LED light display provides an interesting

and novel twinkling effect.

432

t5 rtl{rlnrb9r_-
I 214 r6' E

t0 ltB!roi a

[ *],lri16?



48

Light-Control led Ci rcu its

Th" ,our""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.

Hysteresis-Stabilizing Light Sensor
Audio-Controlied Lamp Dimmer
Dark Alarm
Magic Wand
Loss-oi-Ligh1 Del ector
Light-Activated Switch
Light Block Sensor
Programmable Controller Light Sensor Interface
Electronic Turbidimeter
Light Alarm
Programmable Controller Photoeiectric Interface
Reflective Sensor
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HYSTERESIS.STABILIZING LIGHT SENSOR

*5-/5V

ELECTRONICS NOW Fig.48-1

This Iight turn-on circuit originally had oscillation problems. The 470-kO resistor introduces the
hysteresis to prevent the oscillation. You can experiment with the value of the resistor for best re-

sults in your application.

AUDIO.CONTROLLED LAMP DIMMER

H',
(ro

RIGHT
so1
ro

PLl
--t---"e
cL--6>.+ SPEAKER.

LEVEL
OUTPUT)117-VAC H3'

SPOTLIGHT)
L1' AUDIO

1OOpH

TRl'
PL2

'SEE TEXT

POPULAR ELECTRONICS Fig.48-2

The audio input to Jl lights low-voltage lamp 11. This light illuminates light-dependent resistor
R3 (100 kO to 1 MO dark resistance) and modulates the intensity of ttre lamp plugged into SO1. L1

and Cl suppress RFI caused by the triac phase-control circuit. D1 and TRl are a diac and a triac,
respectively, and are the types used in corrunon lamp dimmers.
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R2
4.7 kro

Rt
4.7 h

ct
IOOnF

o PCCI

DARK ALARM

St
on/oll

//

ELECTRONIC EXPERIMENTERS HANDBOOK Fig.48-3

This alarm senses darkness. Photocell PCC1 is normally irradiated with light and has a low resis-
tance. In darkness, the resistance increases, and enough bias is available to turn on T?1, activating the
oscillator circuit consisting of IC1 and associated components. This produces a tone in speaker LS1.

MAGIC WAND

+9V

lc1-b
1t4 4011

14 BZ1
5 10

4

s1 s2

POPULAR ELECTRONICS Fig.48-4

This device is easy to use: Just aim the wand at a light source and listen to the tone. TWo gates,
IC1-a and IC1-b, of a quad two-input NAND gate are connected in an audio-oscillator circuit with Rl,
the photocell (R2), C1, and C2 setting the tone of BZl. When the photocellis aimed at alight source,
its resistance drops and the oscillator's output tone increases in frequency. When either of tone
switches (S1 or 52) is pressed, the frequency range goes up. Pressing 52 shifts the oscillator into its
highest-frequency range. Only one tone switch can be pressed at a time; if both switches are pressed
simultaneously, the output stops.
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+9V

LOSS-OF.LIG HT DETECTOR

Light falling on Q1 causes Q1 to conduct.
When the light fails, Cl charges toward +9 V, trig-
gering SCR1, lighting LED1. 51 resets the SCR.

Fig.48-5
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S1 T

POPULAR ELECTRONICS

P2
1K

ct
,1

ECG3031

LIGHT-ACTIVATED SWITCH

+12Y
TO 117 VAC

AC BULB

SCRl
2N5060

POPULAR ELECTRONICS Fig.48-6

When even a little light hits light-dependent resistor R5, transistor Q1 is turned off because the
base has less resistance to the ground than to the positive rail. In that situation, the base is at a neg-
ative potential. When the sun sets, R5 is no longer illuminated, giving the transistor's base a high re-
sistance to ground-higher than 100,000 f). With less resistance to positive potential, the base is

biased, turning on Q1. Relay RY1 is then energized and pulls in, connecting the SCR1's anode to pos-

itive potential. The 555 timer, IC1, powers up, and its output goes high to approximately 10.67 V,

which is sufficient to energize RY2. Relay RY2 then pulls in, keeping the ac bulb on the whole night,
and turning it off again at sunrise.
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D2
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LIGHT BLOCK SENSOR

+1ZV

----,--o

12V

2N222

POPULAR ELECTRONICS Fig.48-7

In this circuit, relay RYI remains open until the light source is blocked. As long as the IR light
source is uninterrupted, phototransistor Q1's collector voltage is near zero. The voltage at zener
diode D2's cathode is too low for conduction, keeping transistor Q2 off and the RY1 open.

PROGRAMMABLE CONTROLLER LIGHT SENSOR INTERFACE

+12V

'SEE TEXT

POPULAR ELECTRONICS Fig.48-8

As long as an object remains between LED1 and Q1, no output occurs. But as soon as the object
moves out from between the LED and the phototransistor, ICl (a 555 timer) is triggered, producing a
timed output pulse. This circuit can be used to indicate when a part has moved away from a location.
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ELECTRONIC TURBIDIMETER
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LIGHT BAYS

POPULAH ELECTRONICS Fig.48-9

A turbidimeter is a scientific instrument used to measure the cloudjness of solutions, such as wa-
ter. If you measure the amount of scattered light, you can measure the turbidity. Paint the inside of
the test-tube holder flat black. GIue a cadmium sulfide photoresistor (R2) to a cardboard disk, and
glue the assembly to the open end of the 90' tube. Next, cement a biconvex lens (one that curves
outward on both sides) to the bottom of the test-tube holder. Power up 11, a 12-V, 1-A automotive
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ELECTRONIC TURBIDIMETER (Cont. )

Iight bulb, and hold it at various distances below the biconvex lens. I'ind the distance at which a

beam of light comes stralght up the tube or converges slightly, but does not diverge. Mount the lamp
and play it on the 100-pA meter; the resistors on the rotary switch set the sensitivity or attenuation.
Power is supplied to the circuit by tw-o 9-V batteries in a spiit supply; I run the lamp off a separate
12-V supply. If you u.ant truly calibrated readings, you'lL need to buy a turbidity standard solution,
available in JTU (Jackson Turbidity Unlts) and NTU (Nephelos Ttrbidity Units), from a science-sup-
ply company. In operation, zero the meter to a clean-rr"'ater b1ank, note the reading from a known
standard, note the reading from the unknown sample, and calculate the sample's turbidity, based on
the needle's position.

LIGHT ALARM

St
o^/olt

,J.

-
I

-larI
Bri

9vl
PP6

R4
10k

ELECTRONIC EXPERIMENTER'S HANDBOOK Fig.48-10

The circuit is activated if Tfl is switched on by a suitable base current and voltage. The voltage
and current available at the base of Ttl are dependent on two main factors: the resistance provided
by R4 and the setting of control VRl. If VR1 is set at maximum value, photocell PCC1 needs to have
a resistance of about 10,000 C) to bias T?1 into conduction and activate the audio alarm circuit, of
which IC1 is a primary part. Fixed resistor R4 has been used across the base-emitter terminals of the
switching transistor so that the sensitivity of the circuit is preset. R4 can be raised somewhat in value
if increased sensitivity is required. The audio-alarm generator uses an LM3BON (IC1) in a simple au-
dio-oscillator circuit, and drives high-impedance loudspeaker LSl via coupling capacitor C3. Pro-
vided the losses through this coupling are less than the voltage gain ptovided by the amplifier, this
will give sufficient positive feedback to sustain oscillation. The values for R1, R2, and C2 shown in the
circuit diagram give considerably more feedback than is needed to just sustain oscillations, and the
circuit oscillates strongly, producing a square-wave output at a frequency in the region of 1 kHz
(1000 Hz).
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PROGRAMMABLE CONTROLLER PHOTOELECTRIC !NTERFACE
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POPULAR ELECTRONICS Fig.48-11

This circuit is an IR sensor with a timed positive output pulse that will operate with older and
slower PLCs. Some of the early PLCs have scan times of 15 ms or more. The sensor's ex[ended out-
put pulse can be set, by R3, to a time period longer than the controller's scan time. The sensor can
also be used as a stand-alone circuit to operate a counter, a valve, an indicator, or any other electri-
cally controlled device. As long as nothing is blocking the IR lig;ht source, the emitter of phototran-
sistor Ql is high and 555 timer IC1 is set in the READY state. When an object blocks the light source,

Q1 turns off, sending a negative pulse to the trigger input at pin 2 of IC1, producing a timed output
pulse.,B, andC, determine the length of the output puIse. Larger values produce longer output
pulses.
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REFLECTIVE SENSOR

+12Y

y'Vueor
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\

Q,I

+'l2Y
TEXT

POPULAR ELECTRONICS Fig.48-12

The IR sensor circuit shovm produces an output when LEDl's light is reflected from an object
back to phototransistor Q1. The LED and phototransistor should be mounted parallel to each other
and aimed in the same direction. Without a reflective object, the voltage at the input of the LM339
comparator (IC1) is at or near ground level and the output at pin 1 of IC1 is high. When the photo-
transistor detects a reflected light signal, the voltage at Q1's emitter goes high, causing the com-
parator's output to go low. The 555 timer (IC2) is then triggered, and produces a timed output pulse
at pin 3. The circuit's sensitivity is set by R4 and its output time period by R5. Note that in this cir-
cuit, all of the unused input and output pins of the LM339 must be tied to circuit ground.
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Load Circuits

Th" ,orrr""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.

Bidirectional Active Load
Active Load Resistor
Mixer Load Differential Amplifier
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ACTIVE LOAD RESISTOR

Vs (+12V)
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MT P5

0r{0 5EL

1 !14148

ELECTRONIC DESIGN Fig.49-2

The design idea presented here concerns an active power resistor. It can be used as a load resis-
tor when probing or servicing power supplies. The circuit can work in three different modes. It can

act as a constant resistor (mode CR), or as a constant current from a supply of any positive voltage.
Finally, it can be in constant-voltage mode (CVl, in which the circuit loads the voltage across supply
terminals to a constant value adjusted by the user. The power MOSFET transistor Q1 works as a re-
sistive component. The transistor gate is controlled by an op amp (UlB). The feedback voltage,
which can be selected by switch SW2, is cormected to the amplifier's inverting input. In CC and CR

modes, the feedback voltage is the voltage between the source resistor (R1) terminals, which is pro-
portional to the ampffier supply voltage (7r) through a voltage-divider circuit (R4-R5). The ampli-
fier noninverting input is controlled by a control voltage. The control-voltage input can be selected
by switch SW1. In CR and CV modes, that input is the resistor input voltage (7.), and ir CC mode, it
is the amplifier supply voltage (7u). The control voltage is set in voltage divider R2-R3 to a proper
value to control the amplifier. The other op amp (UlA) protects the MOSFET transistor. It is con-
trolled by a resistor bridge circuit consisting of three resistors (R7 through R9) and an NTC resistor.
The NTC is in contact with the transistor cooling element. With moderate element temperatures, the
output voltage of U1A is high, and thus has no effect on the transistor gate because of the reverse-
biased diode (D1). If the element temperature becomes high, the amplifier output has a zero value,

which takes the transistor gate voltag e to zero through the diode. The amplifiers also can be powered

directly from the resistor input voltage. This circuit can work in CR mode without any control volt-
age. In CC and CV modes, however, it should be controlled by the external voltage CC/CV input. The
circuit acts in CR mode as a resistor that has a resistance of

R:l(Rr+Rr)l%lxRl
The required resistance value can be adjusted by potentiometer R3. In CC mode, the circuit

sinks a current

I:Rrll(Rr+R )8,Jxtrzu
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ACTIVE LOAD RESISTOR (Cont.)

The sink current also can be adjusted by potentiometer R3. In CV mode, the voltage between the
lerminals of the resistor is:

V : [(R r+ R.) &)lR ^/ 
(R 4+85) ] x ilj

The required constant voltage can be adjusted by both R3 and R5.

MIXER LOAD DIFFERENTIAL AMPLIFIER

12t,

+12 V
{33 lo 633 tlHz 470
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0lo

200
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trJ

R1

470

-rr\Al^_
-I NIrtt0

433 ilHz

ELECTBONIC DESIGN Fig.49-3

T\ryo different amplffier stages are used as the load of the mixer TUA20L7 or MTI13006 (products
developed by Siemens Co.). The LQ frequency is fixed at 433 MHz, because a corrunercial SAW os-
cillator at 433 MHz can be used as a local oscillator. If the RF frequency is swept from 433 to 633 MHz,
then the IF frequency also is swept from 0 to 200 MHz. Compared to a passively loaded mixer, this
combination of mixer and differential amplifiers exhibits excellent performance. The relative ampli-
tude (amplitude difference between the fundamental frequency and the largest distortion fre-
quency) is typically at least 50 dB. But it is only 30 dB (or less) in the case of a passive load mixer.
Resistors R4, R5, R11, and R12 are used as the shunt feedback to obtain the flat output amplitude
when the RF frequency is swept. The amplitude ripple with the IF bandwidth (0 to 200 MHz) is less
than 0.5 dB.
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