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Preface

This latest volume of The Encyclopedia of Electronic Circuits contains approximately 1000 new
electronic circuits that are arranged alphabetically into more than 100 basic circuit categories, rang-
ing from “Active Antenna Circuits” to “Weather-Related Circuits.” When taken together with the con-
tents of the previously published six volumes, we provide instant access to more than 7000 circuits
that are meticulously indexed and cross referenced. This represents, by far, the largest
treasure trove of easy-to-find, practical electronic circuits available anywhere.

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

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

Rudolf F. Graf and William Sheets
January 1998
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Doubler Circuits

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

Simple Frequency Doubler

Digital Logic Frequency Doubler
Digital Frequency-Doubler Circuit
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SIMPLE FREQUENCY DOUBLER

out

02

N

R1 iICl-a
1/4 TAHC86

c1l

ELECTRONICS NOW Fig. 32-1

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 % RC.

DIGITAL LOGIC FREQUENCY DOUBLER

§

4

IC1-a
1 1/4 74HC86
3
2
= ic1-b
1/4 T4HC86
ELECTRONICS NOW Fig. 32-2

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 ¥, (delay).
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DIGITAL FREQUENCY-DOUBLER CIRCUIT

+5VDC

“Ic2- “ICc2-e
1/674LS04 1/6 74LS04 | 1N914

IC2-b IC2c D2

1/674LS04  1/6 74LS04 e

1N914 1/6 74LS04

AAA
AAA4

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 input pulse. Each
section of the counter is cleared with 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 74L.S04 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-down resistor, which configures
the remaining inverter as a NOR gate. The output at pin 8 of IC2 represents the input frequency
multiplied by 2.
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Driver Circuits

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

Low-Distortion Line Driver
Two-Terminal Piezo Device Driver
Simple Lamp Driver

R/C Servo Sweep Driver Circuit
R/C Servo Driver Circuit

12-LED Sequential Driver

60-LED Sequential Driver
MOSFET Gate Driver
Piezoelectric Driver Circuit
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LOW-DISTORTION LINE DRIVER

s o—_t——I:——o+ = 5V
o

C1-C4 adjacent to U2 100 wF
low ESR
; O

(v] 100 wF

Ago—bliuf [ ER

UIA R
N ADB23AN
Input +31 RS 4
: W s ot
Rin 1 o R6 49.9
R4
oM L0 ——————O Outputlow
i 1k
Inpat L . ‘i (optional)
g
Iow 24% §
(optional) R o-¥s
AAAY
R? 1k
250
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 ) and up.
Using a low-offset, low-bias-current input stage, the driver can be entirely direct-coupled. Gain is
equal to 1+R,/R,.

TWO-TERMINAL PIEZO DEVICE DRIVER

Two-terminal devices can be driven by two
NAND gates. A booster coil is used to compensate
for the sound-pressure attenuation caused by the
case.

POPULAR ELECTRONICS Fig. 33-2
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SIMPLE LAMP DRIVER

/2V
/25 mA
LAMP

/RE5mA +
-[0’0 W >2/vzzzz =
>~ ]
To &% #4
T i |

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

» +9V

(TOPIN5
OF U1)

POPULAR 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 angle. Note that for long time constants, R6 and R7 will be
large. Therefore, C2 should be a low-leakage capacitor, or a CMOS timer (7555) can be used to per-
mit larger resistances and smaller capacitors to be used.
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R/C SERVO DRIVER CIRCUIT

POWER O > +5V

A
A\AA4

R3
1K
AAA
AA A4

< R2

< 1K
tLci
1

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

\A4 g

>,

&
\ID\

T T T TR T
2¢| /| 2| 3| # 5 6 767»///3/4/5‘Imlﬂl
Vo — —
OUTPUTS (ACTIVE Low)

CS/ CS2 GND A0 Al A2 A3

Y=

Lo o e2 P3
7o BMARY cam’rﬂt

ELECTRONICS NOW Fig. 33-6

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

- . P}—————-0 output =~ 485V

1 1/6 7414 2 D2

[m]
o

€4

Ry=2.7k Cq=4.70F
= D1, D2=1N914
€2,C3=10F, 16V

ELECTRONIC DESIGN Fig. 33-8

This ratiometric 20-kHz voltage-to-frequency converter (VFC) provides superior performance
with 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 synchronizing transistor starts the VF'C 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 with the
input voltage, which precisely compensates for the finite capacitor reset time:

Period=t +t,
:tl * (VCC‘ Vref)/AI/in
= (tlA Vln * VCC - Vref)/AI/in
where AVmZAV/AL‘. If Vref is made to include the amount tlAVm, then the effect of ¢ Lis eliminated:
Period=[t AV, +V  — @AV _+V JVAV

The MPSA-18 is a remarkably high-gain transistor, even at low currents, giving good current-
source linearity down to 0 Hz. In addition, bipolar transistors work well with the low 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 LM10 also has a reference amplifier that could be used to construct a
10-V excitation regulator. The LM311 propagation delay gives a reset pulse width 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 0-Hz output for 0 V in.
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PIEZOELECTRIC DRIVER CIRCUIT

3-20 VOLTS
>
$ ?ﬁ FEEDBACK
TERMINAL
EEEE
RES1

AAA

POPULAR ELECTRONICS

Fig. 33-9

Three-terminal piezoelectric elements are
typically driven by transistor circuits (A) or logic
gates (B).
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34
Field-Strength-Measuring Circuits

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

Digital Field-Strength Meter

Micropower Field Detector for 470 MHz
Field-Strength Meter

Earth’s Field Detector

Magnetic Field Detector

Amplified Field-Strength Meter

Analog Fluxgate Magnetometer Assembly
Magnetic Field Meter

Resonant Fluxgate Magnetometer
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MICROPOWER FIELD DETECTOR FOR 470 MHz

9Vpe

|

D1
1N5711

L7 FB a7k

2= 500

DETECTOR - I

ONE-SHOT
(CD4047) Q=

LTC1440

l CMOS (0] oud

REFERENCE

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-wavelength section presents an efficient, low-imped-
ance match to the base of the quarter-wave whip, but transforms the received energy to a relatively
high voltage at the diode for good sensitivity. Biasing the detector diode improves the sensitivity 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 D1 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 impedance 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 wA. 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 reasonable distance, such as 10 ft, can be covered at 470
MHz with only a few milliwatts. All 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 low-frequency signals.
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FIELD-STRENGTH METER

This simple field-strength meter is great for
tuning transmitters or antennas. It’s a tool no ham
should be without. The antenna is a 24-in whip.

POPULAR ELECTRONICS Fig. 34-3

EARTH’S FIELD DETECTOR

Allied Signal
Metglas 2705 core

00000

frequency
output

10K

POPULAR ELECTRONICS Fig. 34-4

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

MAGNETIC FIELD DETECTOR

f'\//"
+9-12V = @
LED1

U 6 N\U3 :T( A relay coil makes a great magnetic-field de-
>’—w- tector.
+ IC1
12| LM339
POPULAR ELECTRONICS Fig. 34-5
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AMPLIFIED FIELD-STRENGTH METER

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 BZ1 is used as an audible indicator, rather than using a meter. This circuit could be of
use for the visually handicapped. The antenna is a 24-in whip.

ANALOG FLUXGATE MAGNETOMETER ASSEMBLY

SINE SENSE
w
2
CORE: Magnetics 50086-2F u
CONTROL: 143 turns #30 w
SENSE: 1000 tumns #35 %
% \ ,/\ 8
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 external 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 input 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 sensitivity is
100 wV/uT, or 100 mV/mT. The meter sensitivity is nominally 2 V full scale, leading to the lowest-
level sensitivity of 20 mT full scale. Op amp IC3-a amplifies the signal to a normalized level of 100
wV/WT. The voltage is further amplified by 1, 100, or 10,000 by IC3-b and IC3-c. The three amplifier
stages provide the ranges of 2 mT, 200 pT, and 2 wT (full scale). Components R3 and C3 and R12 and
CT7 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 display-update times, clock genera-
tion, and reference voltages. The decimal points are driven by IC2, as determined by range-select
switch S2. Transistors Q1 and Q2 serve as a low-battery detector, and turn on the battery annuncia-
tor in the LCD when the battery voltage drops below 7 V.

RESONANT FLUXGATE MAGNETOMETER

A5A6A|f -”-”-JUL o digital
VVVY output
0.1uFd

2000 turns on opamp
an iron-cobalt 10K

analog
amorphous output
ribbon
core 10uFd I

ELECTRONICS NOW Fig. 34-9

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

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

314

Peaking Filter Circuit

Amateur Transmitter Absorptive Filter
High-Pass/Low-Pass Filter

SW Receiver CW Filter

1-MHz or 500-kHz Elliptic LP Filter
Active Filter

Notch Filter Circuit

Capacitorless Notch Filter

IF Bandpass Filter Switch

Simple All-Pass Filter

Subsonic Filter

600- to 3000-Hz Tunable Notch-Filter Circuit
Low-Pass Filter Phase Corrector

Ceramic Filter Interfacing

Active HP Filter

Multiple-Feedback Bandpass Active Filter



PEAKING FILTER CIRCUIT

+12 VDC

C5
100 pF

O Out
In O
R1
10k c2
1 uF
%___
R2
50 k
R3
1k
—A\W\
C3 +_I_ R4
100 pF I 1k
73 AMATEUR RADIO TODAY Fig. 35-1

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

Fi= Y, (G, 0,2

=
where FC is the center frequency in hertz, £, is in ohms, and C, and C, are in farads.
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AMATEUR TRANSMITTER ABSORPTIVE FILTER

fm———————————- ..'
| u L2 |
0.3 \
! nH °1 L w10
: ANTENNA
N
| 126pF | 500
| | (DUMMY LOAD)
1
| c3 c4 e e = = Jd
NnT0 sz)T 7?': S 43 10
O ® 5 —‘ (DUMMY
TRANSMITTER Y ¥ LoaD)
I L4 5|
| 0.125uH 0s2uH |
|
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POPULAR ELECTRONICS Fig. 35-2

This filter diverts harmonic energy above 30 MHz to a dummy load and dissipates it as heat in-
stead of reflecting it back to the transmitter. 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 interaction. If you want to try building
this filter, wind the coils on high-powered toroids. Alternatively, you could wind an air-core coil us-
ing the nomograms in The ARRL Handbook for Radio Amateurs.

HIGH-PASS /LOW-PASS FILTER

15v

LTC1560-1

300pF  300pF _rL
v _| '__7_2
IN

3
8.1k L]
5V gt

0.1uF —— 001yF

LINEAR TECHNOLOGY Fig. 35-3

This filter uses a Linear Technology P/N LTC1560-1 and an LT1360 to implement a high-pass /
low-pass filter.
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SW RECEIVER CW FILTER

S1
on/off

R1
c1
470k 470 nF
SKk2
high Trl

BC109C

ELECTRONIC EXPERIMENTERS HANDBOOK

Fig. 35-4

The CW filter is connected between the headphone or loudspeaker socket or terminal strip of
your receiver and either the headphones or an external loudspeaker. The output of the receiver
should have an impedance of 8 () 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

LTC1560-1

Vour

il

Vin (OR5V)

w [~

o~
o o
|

5V

A |

This filter uses a Linear Technology P/N

-5V
5 —{_@“_FIW“F LTC1560-1 to implement a switchable LP filter.
0.1pF 0.01puF
L—5-\/, 1MHz
5V, 500kHz
LINEAR TECHNOLOGY Fig. 35-5
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ACTIVE FILTER

(Ideal Butterworth)

(@

Filter output response

(b)

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 with the procurement, stocking, and assembly of the filter are considered. For instance, the
Butterworth active third-order low-pass filter (middle) uses equal-value resistors and capacitors.
This feature normalizes the filter’s 3-dB corner frequency to 1/RC (in radians) for both low-pass and
high-pass designs. The graphs in (b) are plots of the ideal, normalized, and Sallen-Key low-pass fil-
ter frequency-domain magnitude and error responses. Note how both the normalized and Sallen-Key
filters follow 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

O Out

Re 1
Fo=?
2nRiy CiC2

73 AMATEUR 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.=4 7-r1’€1(0102)”2
where F'_ is the center frequency in hertz, K, is in ohms, and C, and C, are in farads.
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CAPACITORLESS NOTCH FILTER (Cont.)

The notch frequency for the filter is set by
Lo T [AA) X (1’%22/}321)]”2 X f,

notch

where ALP and AHP are the gain from input to low-pass output at f=0 Hz, and the gain from input to
high-pass output at f << J,» respectively. Typically (ALP/AHP) X (B,/E, ) = 1; therefore, J e =S a0d
is given by

J,=1EmER,0)

where RF = RF = B, and C = C, = C,. The —3-dB bandwidth is determined by the following relation:
BI/I[3 i fI wtch/Q’ where BW s =Sy —J,- The @ of the filter affects the passband gain (which should be
adjusted to unity) and is related to the ratio of the resistances R, toR, and R, toR,,. In other words,

Q = (RR,) = (R,/R,). Qalso is related to R, by the following relation: R = (25 k(/Q — 1).

IF BANDPASS FILTER SWITCH

D1 D2 c7 cé D4 D5
> ILTER
tot——t I oy F—te—» 1
>
cexR & 3R2 RS S
<R1 R6 &
‘b
=
R13 & < ANy AN Pt $ Bi&
47009 = D3 R3 R4 D6 = {4700
IN O—4¢ —Oo— +12VDC +—oOUT
S
—o '
R14 & b
— elo—p _ R16
ar00 $ 1200 2 e
R11 R12
YW AN
c1xz >~ C4
D7 D8 c2 C3 D10 D11
FILTER
i : I
> S >
RI0Z 09w 3ho RB$  yo12 A7
R1-R12 ARE 2.2K UNITS =4
C1-C8 ARE .01 UNITS
POPULAR ELECTRONICS Fig. 35-9

Selecting IF bandpass filters via series/shunt PIN-diode switching can be accomplished with this
circuit. Diodes can be MV3404 or similar types.
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SIMPLE ALL-PASS FILTER

45 dB
4 0dB
N
N
180° -5d8
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\
100 1k 10k 100k 1M 10M
Frequency (Hz)
ELECTRONIC DESIGN Fig. 35-10

A very simple all-pass implementation can be realized with an active-feedback amplifier like the
ADS830 or the LTC1193. R1 and C set the filter’s actual transfer function, while R2 is needed to pro-
vide a purely real input impedance over the frequency range of the AD830 (necessary for measure-
ment reasons). The filter’s two basic equations are

R,(1+sCR))
sCR, >
2

Zy(s)=

2 (1+
and
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SIMPLE ALL-PASS FILTER (Cont.)

1% (s) —1-—sCR,

out

V. 1+sCR,

from which we can see that the magnitude is constant:
V (@)

out
V. =1
and the phase of Vout/ V]_n as a function of w is
180°—2 tan™!(wCR))
From the first equation, it's clear that for Z_to be purely real, R, has to be equal to R,/2, which
implies Z_(w)=R,. Once C is chosen, R, and R "can be picked accordmg to the termmatlon and re-

quired phase shlft The graph shows the c1rcu1ts performance for V. =15V, k=100, R,=200, and
values of C from 1.5 wF to 150 pF with 90° phase shifts at one- ~decade 1ncrements up to 10 MHZ

SUBSONIC FILTER

(H15v

© bgO

!

15v

ELEKTOR 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 very 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 C1 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. All resistors are 1-percent types.
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600- TO 3000-Hz TUNABLE NOTCH-FILTER CIRCUIT

In O—

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 is used for notching out unwanted CW stations or for
notching out heterodynes in receiver outputs. Insert this filter between the headphone output of the
receiver and a power amplifier stage.
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LOW-PASS FILTER PHASE CORRECTOR

O_L

100n
IC1
cs @
15V "Tioon
.ﬂ

D D 15n
@l IC1 = TLO82 ISn l @L IC1 = TLO82

ELEKTOR ELECTRONICS Fig. 35-13

In some applications, it might be desired, or even be essential, that the bandwidth 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 with an all-pass section and having 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 network. The design of such a combination is shown in
Figure 1. In this, the all-pass network is based on ICla and the low-pass section on IC1b. The —6-dB
cutoff point is at exactly 1 kHz, and the —3-dB rolloff is at 642 Hz.

CERAMIC FILTER INTERFACING

OouT o—
FL1 a—
3R92K Ceramic or mechanical filters can be used to
Ut y provide a frequency-selective output.
NE-602 o1 =
05uF
4 4700
POPULAR ELECTRONICS Fig. 35-14
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Filter output response

(b)

ELECTRONIC DESIGN

326

ACTIVE HP FILTER

(Idea! Butterworth)
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ACTIVE HP FILTER (Cont.)

Interchanging the resistors and capacitors transforms the normalized low-pass filter into a high-
pass filter with 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-value 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

R3
220 k
c2 ==
0.01 yf T MWV
R1 C1
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o AN —
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R2
240 Q
C! = CZ = C
77

-—Q

A= AT

Q
P oy —
*Tontk c[20°-A)
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Re=mrtic

Gain=A = ?E&

73 AMATEUR RADIO TODAY Fig. 35-16

This is a multiple-feedback-path (MFP) bandpass filter.
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36

Flasher Circuits

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

Ac Light Flasher

Xenon Flashtube Circuit

Novelty LED Flasher

Model Fire Engine Flasher Circuit
Rainbow Flasher

Single-LED Flasher

12-V LED Flasher

Model Aircraft LED Flasher
Audio-Driven Xenon Tube Flash Circuit
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 Flasher
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AC LIGHT FLASHER

TO 117 VAC

Fig. 36-1

POPULAR ELECTRONICS
This circuit uses a 555 timer that is configured in an unusual way 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

® +300v
:E470K
3
300V 9 +4KV 027
X (an =
- 03:7J- PULSE ) WF
\ o
7 Tne-2 L
— XEN%ON These are basic circuits for firing Xenon flash-
I s 3 B0 3 ¢ 5
col FLASHTUBE tubes. Which circuit is applicable depends on trig-
AV < ger coil polarity.
1K +300V
:EHOK »
< +4
jom
so0v .PULSE - & ozr
® H
=
NE-2| 0.047
wF!
2 ;

ELECTRONICS NOW Fig. 36-2
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MODEL FIRE ENGINE FLASHER CIRCUIT

ICic

4093

© N’

R6
180k

4093

| B1
—r 9V
BRI
1
ICaa -
10] " 47k
20 o W__
R1
120k
=

R7
22k

C3

150n -T.

EVERYDAY PRACTICAL ELECTRONICS

c2 wihm
10n
wor [
PIEZO (=
nisc. \
IC1d

Fig. 36-4

This circuit was designed to add both a blue flashing light sequence and a two-tone siren effect
to amodel fire engine. IC1 is a quad NAND Schmitt trigger, and IC1a provides a low-frequency wave-
form, which is inverted by IC1b. 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 its roof and yielded a surprisingly realistic effect. The outputs from ICla
and IC1b are also used to control gated astables IC1c and IC1d, which are set to oscillate at different
frequencies to simulate a typical 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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NUTS AND VOLTS

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.

RAINBOW FLASHER
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Fig. 36-5
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HIGH - BRIGHTNESS L.ED.

Q

SINGLE-LED FLASHER
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3 I'r 0

SLOW NC. Ry +v
RC 9k
IC1
LM3909
FAST
C 3k OUTPUT NC. -V

1 ? I: ‘

EVERYDAY PRACTICAL ELECTRONICS

I This is a circuit diagram of an LED flasher with
few components.
s
G
B1
2x1V5S
Fig. 36-6
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12-V LED FLASHER

+12v
D2 ON D2 OFF
R3 D1 OFF D01 ON
™
" 4
[y 4
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ic1 o' o .
NESSS Re TIN
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THRES.
. . t1=0-7 (R3+R4) xC1
- 16, t2=0-7 R4 C1
D1, D2 -RED LED. = 4] & f=__1
R2 “—"‘1 (11 +12)
seon T K R-Ohms C - Farads
ov t—seconds f-Hz

EVERYDAY PRACTICAL ELECTRONICS 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

R1 R2 R3 RL éns
330n <3zon < 3zon < 3300 S 2M2
[] 4
st 0 a a a a Vec  RESET]
N0, /, Y01 /, Y02 /, Y03 /W0t ois.
MICROSWITCH v/ /k /k /k /k IC1
NESSS R6
2doutpur 390k
6
" DY TO D4=YELLOW HIGH THRES. pa I
s INTENSITY 2 100p
81 wpm TRIG. v
F GND
MN1604 b :

T £

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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AUDIO-DRIVEN XENON TUBE FLASH CIRCUIT

Swi

1%02_

l1 . g
vV~ 117 ’r
R1 C1 D3 * Dot
75 10pF, 450V R4
01 10watt  Electrolytic 100k
™ Xenon
& ?f)?k c3 + # flash tube
120VAC Ll (400 volt)
Q Electrolytic
c4
R3 0.022uF
2.7k 600V Mytar SCR1
R11
22
2 watt B1
cé B2
. 0.022uF
udio Input 600V ——
i ar T 5
cs
X2 1uF
tantalum

R1 75 ohm {10 watts)’ a1 2N4881 unijunction transistor
R2 10K ohm {2 watts) or equiv.

R3 2.7K ohm SCR1 400 valt, 3 amp (or better)
=) 100K ohm SCR

RS 47 ohm TX1 4000 volt trigger transformer
R6 220 ohm TX2 12.6 volt C.T. 100ma power
R7 500K ohm POT transfarmer

R8 56K ohm S8W1 SPST switch [power switch)
RS 22K ohm SW2 SPOT switch

R10 100K ochm POT D1. D2, D3 400 volt, 1 amp or
R11 22 ohm [2 watts) better power rectifier diodes
c1 10QuF, 450 vok electrolytic D4, D5 1NS34 or other small signal
ca2 100uF, 16 volt electolytic diode

c3 20uF, 450 volt electrolytic FT Xenon flashtube (straight or

€4, C6 0.022uF, 600 volt mylar

cs

NUTS AND VOLTS

1uF, 35 volt tantalum

horseshoe) in the 200 to 400
volt range

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 switch 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 level 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.

770 30
yor7rs

7805
or
78L05

0.35
wrF

%74

LE
™ RAOIO FACK| T
276-036) \\

BLIKIN]
\ 4

ELECTRONICS NOW

Fig. 36-10

12-V LED FLASHER

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

QD R2
k\ a

"m V'V
N R3

D2

MULTIPLE-LED FLASHER
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v
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6800

1 K] 2 | E)

D 3Ix1VS

100p 6V

EVERYDAY PRACTICAL ELECTRONICS

Fig. 36-11

This is a circuit diagram for driving multiple
LEDs from a single LM3909 flasher chip.
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MULTIPLE FLASHING LED LIGHT STRING

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 shown. The LED 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. Two gates of a 4011 quad two-input NAND gate, U2-a and U2-b,
are connected in a low-frequency oscillator circuit. Resistor R1 controls the oscillator’s frequency.
The oscillator supplies a clock output to Ul, 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.)

tocoupler, turning on the IC’s triac and lighting 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 light
string turns on, the preceding string turns off, giving the effect of a climbing string of lights. Chang-
ing the setting of R1 will change the rate at which the strings turn on and off. If you want to add
additional light strings beyond what is shown in the figure, simply duplicate the circuitry for the
light strings as shown and connect to the appropriate output of the 4017, Ul. 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

o—ld AAA o
¢ Q

@ HOT

8l
7- TO 100-WATT

AA
\AJ
R1
10K

TR1* 117VAC
R2

10K SAS1

- GE ST-4
- OR
T 100 ECG6405
25NN NEUTRAL Y
*RADIOSHACK #276-1000
POPULAR ELECTRONICS Fig. 36-13

Shown 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 two-thirds. Electrolytic capacitor C1
charges during the positive half-cycle of the ac waveform through R1, R3, and D2. When the voltage
across the capacitor reaches the break-over voltage of the silicon asymmetrical switch (SAS1), the
capacitor starts to discharge through R2, SAS1, Q1, R4, and the triac. Emitter follower Q1 is driven
by the discharge current from C1, and it, in turn, provides gate drive for the triac. Thus, the triac
conducts and the light glows while C1 discharges. The lamp goes dark when C1 is depleted of charge
and remains dark until the ac power waveform goes positive again and charges the capacitor sufficiently.
The triac should be triggered into conduction by a gate current of no more than 5 mA. The flash rate
can be varied by changing the value of capacitor C1. Using more capacitance results in a slower flash
rate, and less capacitance results in a faster flash rate.
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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.

POPULAR ELECTRONICS Fig. 36-14

THRIFTY LED FLASHER

ELEKTOR ELECTRONICS Fig. 36-15

The dual complementary pair of switching FETs and inverter contained in a CD4007 CMOS IC
enables an LED flasher to be made that uses very little energy. The IC is arranged as a three-inverter
oscillator. Resistors R4 and R5 in series with the drains of one pair of FETs ensure that the drive cur-
rent for the following pair of FETS is tiny. The high time of the oscillator is determined by network
R3-C1, and its low time by R2-C1 (D1 is then cut off so that R3 is inactive). The LED is provided with
current during the high time of the oscillator by T1. The level of this current is determined by R6.
The values of R, R,, and C, cause an LED OFF time of 1 s and an ON time of 1 ms. Because the high-
efficiency diode draws a current of 30 mA, its lighting will be clearly visible. A standard 9-V battery
will give continuous operation for about three years.
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NEON LAMP FLASHER

T The neon lamp has negative dynamic resis-
{ tance—the voltage across it falls while conduction
.. N E-2 0.22 == is increasing. As a result, it flashes on and off.
T F
ELECTRONICS NOW Fig. 36-16
1-s FLASHER
" o
1 +9vV
ON/OFF
C3
4 T0pF
| RS
4709
220k
D1 &3 D2
TIL209 1N4001 _,,
: 0
ELECTRONIC EXPERIMENTERS 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 below % V+. The output, therefore, goes high initially, but
C2 soon charges to % V+ via R4, and then the output, goes low. Capacitor C2 then discharges to
¥, V+ via R4, sending the output high again, and producing continuous oscillation. Resistor R4 is ad-
Jjusted to give an operating frequency of 1 Hz. The 1-s flasher can be calibrated against a watch or
clock with a second hand by empirical means. 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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VARIABLE-FREQUENCY LED FLASHER

R2 +V
(o]
P
NC
6 5
8
IC1

al
1,

IC1 LM3909 LED flasher/oscillator IC

D1 LED

C1 330 pF 5 V electrolytic capacitor
R1 10 kQ potentiometer

R2 330 Q Va W 5% resistor

TAB BOOKS Fig. 36-18

R1 varies the flash rate, and R2 limits the minimum resistance in the potentiometer circuit to

prevent damage to D1 or IC1.
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37

Fluorescent Lamp Circuits

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

Cold-Cathode Fluorescent Lamp Driver
Battery-Operated Fluorescent Light
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0% 70 90% DC = OuA TO 50uA

COLD-CATHODE FLUORESCENT LAMP DRIVER

ALUMINUM ELECTROLYTIC IS RECOMMENDED FOR C38 WITH AN
ESR 2 0 5¢2 TO PREVENT DAMAGE TO THE LT1184F HIGH SIDE
SENSE RESISTOR DUE TO SURGE CURRENTS AT TURN-ON
C1 MUST BE A LOW LOSS CAPACITOR. C1 = WIMA MKP-20
01,02 = ZETEX ZTX848 OR ROHM 25C5001

L1 = COILTRONICS CTX210605

1.2 = COILTRONICS CTX100-4

R1 PREVENTS OSCILLATION

R2 AND R3 ARE IDEAL VALUES

USE NEAREST 1% VALUE

*DO NOT SUBSTITUTE COMPONENTS
COILTRONICS (407) 241-7876

OpA TO 45uA Iccr, CURRENT GIVES
0mA TO 6mA LAMP CURRENT FOR A
TYPICAL DISPLAY

R1
V (PWM) 0V TO 5V
1kHz PWM

3300 l p_l

UP TO 6mA

c2
27pF
3KV

BAT

Y
4 5
+| C3A
C5 R2 2 2uf
—T— 1000pF S 220k L 35v T v
> R1 -
S 7500
FROM Vger D5
BAT85
1 —pf L2 D1
VN2222L J l 10054 mss}g
14 cerL 16 »
R3 PeND  COFLVswf—o—T—% P
6 98k 2 15
\ fcerL BULB
+
o 3 BAT L
2k | B2k LT1184F R
= CCFL Vg ROYER
5 12 v
AGND V, IN
L i T >3V
o ] — 11 L C4
SHUTDOWN —— SHON REF |— Vaer T 2.20F
7 10 =
—iNC NC p—
8 9
—{neC NC f—

LINEAR TECHNOLOGY POWER SOLUTIONS

1182 7A03

8V 1028V

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 with no hysteresis or
“pop on.” This floating bulb circuit configuration extends the illumination range for the bulb because
parasitic bulb-to-display-frame capacitive losses are minimized. The feedback signal is generated by
monitoring the primary-side Royer converter current between the BAT and Royer pins. The
LT1184F current-mode switching regulator and L2 provide an average current to Q1 and Q2, which
form a Royer-class converter along with L1 and C1. The lamp is driven by L1’s secondary. Feedback
to the LT1184F is provided on the primary side of L1 for floating bulb configurations, whereas feed-
back in the grounded configuration is provided by sensing one-half of the average bulb current. The
oscillator frequency is 200 kHz, which minimizes the size of the required magnetics.
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BATTERY-OPERATED FLUORESCENT LIGHT

+12v
150 mA
¢t |4 Rl g IC1
ca
e K > TLCS55 01
¥ I 7 DS V4 1KV
=14
1 R2 4: RS
= 27K$ 4-WATT
8y out FLUORESCENT
o LAMP
TR A
c2 L
.01 I
ELECTRONICS NOW Fig. 37-2

The circuit consists of a 20-kHz oscillator, 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 working at considerably more than its rated voltage, but the
high frequency keeps it from saturating. Although the lamp does not glow at full brightness, the cir-
cuit is energy-efficient, requiring only 150 mA.
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38

Function-Generator Circuits

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

MAX038 High-Speed Function-Generator Circuit
FM Demodulator

Synchronized MAX038 Function Generators
Benchtop Function Generator with Built-in Counter
PLL with Divide-by-N Circuit

MAXO038 Function Generator

Frequency Synthesizer

MAXO038 Function Generator Digital Control
Function Generator Power Buffer
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MAX038 HIGH-SPEED FUNCTION-GENERATOR CIRCUIT

] [3]
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R1 100n
820
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EVERYDAY PRACTICAL ELECTRONICS

O

Fig. 38-1

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 well, provided it has plenty of copper areas at ground poten-
tial, good decoupling, and guard tracks around signal paths carrying rectangular waveforms, espe-
cially that from the sync output. The following component recommendations are offered:

Resistors—0.6 W, 1-percent metal film
C1, C2, C3, and C5—-ceramic disk
(C4 and C6—tantalum bead, 35 V

Cm—as required for frequency, between 47pF and 47uF, polyester or polystyrene
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SYNCHRONIZED MAX038 FUNCTION GENERATORS

] ] 4

16 17] 3] 4

OV- V= A0 Al DV+ V& AO Al
| REF REF
ict 1c2
mMmaxim maxim
MAX038 MAX038
'MASTER" "SLAVE"
n out |- N out [ Ay
= 2] By 0 . ;
g; DADS SINC f—— /\/\/Tj PDI FADJ
—{FADJ PDO = .y g 01 PDO G
= — 1005F I = SYNC T
5 o 5
£osc = =1 cosc e
PC R;
T3F I DGND V- 30F L oo sowv 10 860
264 15 2.6.9 15 {20 —— ——
118 118 - -
1yF 1yF
LI T i-

(a) =

AN

A - MASTER QUT. 2V/div
B PO 5Vidiv

C - PDO. 500mVidv

U SLAVE QUT 2vidiv
TIMEBASE - 50nsidiv

(b)
MAXIM ENGINEERING JOURNAL Fig. 38-3

The MAX038’s internal phase detector is intended primarily for use in phase-locked-loop (PLL)
configurations. In (a), for example, the phase detector in IC2 enables that device to synchronize its
operation with that of IC1. 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 CPD to
form a triangle-wave voltage output at PDO (b). The 10-00/100-pF pair at PDI limits that pin’s rate
of rise to 10 ns.
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BENCHTOP FUNCTION GENERATOR WITH BUILT-IN COUNTER (Cont.)

This circuit will produce sine, square, 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.

PLL WITH DIVIDE-BY-N CIRCUIT

CENTER
FREQUENCY

FREQUENCY-PHASE DETECTOR

ouTPUT

EXTERNAL
0SC INPUT

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-N 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 only 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. Again, R4 to R6, C4, and R, deter-
mine the PLLs dynamic performance.
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MAX038 FUNCTION GENERATOR
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MAX038 FUNCTION GENERATOR (Cont.)

OUTPUT FREQUENCY
vs. |IN CURRENT
1608 =
33308
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1
T H —l
T 1 I
a1 LI 1 |
10 100 1000
11 CURRENT ipiil
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 (plus an external capacitor and potentiometer) lets you vary the signal fre-
quency from 0.1 Hz to 20 MHz. An applied +2.3-V control signal varies the duty cycle between 10 and
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-
vides +70 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. All output amplitudes are 2 V, , symmetrical about ground. The low-impedance output
terminal delivers as much as =20 mA, and a two-bit code applied to the TTL-compatible AQ and Al
inputs selects the sine, square, or triangle output waveform:

A0 A1 WAVEFORM
X 1 Sine wave

0 0 Square wave
1 0 Triangle wave

X=Don’t Care.
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FREQUENCY SYNTHESIZER
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FREQUENCY SYNTHESIZER (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 1-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, S1, and S8, for example, produces an output of 259 kHz.
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. IC1 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 a 2- to 7560-pA current that forces a coarse setting of the IC5 output frequency—
sufficient to bring it within capture range of the PLL. This loop, in which the phase detector in IC1
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 DIGITAL CONTROL (Cont.)

NORMALIZED OUTPUT FREQUENCY
vs. FADJ VOLTAGE
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MAXIM ENGINEERING JOURNAL

FREQUENCY MODULATION USING IIN

i s

(a)

TOP: QUTPUT
BOTTOM: Iy

FREQUENCY MODULATION USING FADJ

TOP: QUTPUT
BOTTOM: FADJ

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 V at zero to 2.5(2565/256) V at full scale. Current injected
by the converter into IIN, therefore, ranges from 0 to 748 wA. The 2.5-V reference and 1.2-Q) resistor
inject a constant 2 A, so (by superposition) the net current into IIN ranges from 2 pwA (at a code of
0000 0000) to 750 A (at 1111 1111). The quad DAC IC operates from 5 V or +5 V. As described be-
low, it can also provide digital control of FADJ and DADJ. For fine adjustments (+70 percent), apply
a control voltage in the range +2.3 V 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
2 MHz. As the more linear input, IIN is preferred for open-loop 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 2.3V (1111 1111).
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ELEKTOR ELECTRONICS

FUNCTION GENERATOR POWER BUFFER
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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 (listed by RS Components). This interesting device has a 3-dB power
bandwidth of no less than 65 MHz at a gain of x2. Here, it is used to drive up to four 50-() loads at a
maximum signal level in excess of 10 V... When used for video applications, the EL2099CT can
drive up to six 75-Q) loads. The gain of the amplifier is x2; unity<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>