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To Sheryl Melissa,
a budding scholar
From Popsi

Preface
e

Volume TII of The Encyclopedia of Electronic Circuits adds about 1,000 new circuits to
the ready-to-use files that were established by the publication of volumes T and IT of this
set of circuits encyclopedias.

These three volumes now offer an invaluable storehouse of about 3,000 carefully
arranged and categorized, easy-to-access circuits. Volume IV is scheduled for publication
in 1992,

Once again it gives me great pleasure to extend my gratitude to William Sheets for
his comments and contributions, and to Mrs. Stella Dillon for her virtuoso performance
on the word processor.




Active Antennas

#

’.[‘he sources of the foliowing circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Active Antenna
Active Antenna



ACTIVE ANTENNA
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Reprinted with permission from Radio-Electronics Magazine, February 1989. Copyright Gernsback Publlcations, Inc. 1989.

Antennas that are much shorter than /s wavelength present a very small and highly relative im-
pedance that is dependent on the received frequency. It is difficult to match impedances over a decade of
frequency coverage. Instead, input stage Q1 is an FET source-follower, A high-impedance input success-
fully bridges antenna characteristics at any frequency.

Transistor Q2 is used as an emitter-follower to provide a high-impedance load for Q1, but more impor-
tantly, it provides a low-drive impedance for common-emitter amplifier Q3, which provides all of the ampli-
fier’s voltage gain. Transistor Q4 transforms Q3’s moderate output impedance into low impedance,
thereby providing sufficient drive for a receiver’s 50-Q, antenna-input impedance.

ACTIVE ANTENNA

+12V

6 SOURCE
WHIP | FOLLOWER
100
MPF102
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RF GAIN
QsT

;01

All capacitors in this circuit are disc ceramic.
Fixed-value resistors are 1/4- or 1/2-W carbon. R1
controls the gain of Ul. RFC1 is a miniature 2.5-
mH rf choke. T1 has 30 primary turns of #28
enamel wire on an Amidon FT50 - 43 ferrite toroid
core, and the secondary has four turns of #28 wire.
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Alarm and Security Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Auto Alarm

One-Chip Burglar Alarm
Semiconductor Fail-Safe Alarm
Single-1C Auto Alarm

Burglar Alarm

Burglar Alarm

o



¥ AUTO ALARM
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In operation, the alarm circuit allows a 0 - 47 second time delay, as determined by the R1/C1 combina-
tion, after the switch is armed to allow the vehicle’s motion sensor to settle down. This allows you time to
get a bag of groceries out of the trunk and not have the hassle of juggling the groceries and the key switch
at once,

During the time delay, half of LED1, which is actually a single, bi-colored, three-legged common cath-
ode device, lights green. At the same time, pins 8 and 4 of U2 (a 555 oscillator/timer) are held low by Ul (a
3905 oscillator/timer), causing the alarm to remain silent. Once the delay is over, LED1 turns red, indi-
cating that the circuit is armed,

At that point, a ground at pin 2 of U2 forces pin 3 of U2 high, closing the contacts of K1 and sounding
the siren for a time duration determined by R4 and C2. Once the time has elapsed, pin 3 is pulled low, K1
opens, and the circuit is again ready to go. The circuit can be manually reset by the simple expedient of
opening and closing the key switch. Potentiometer R3 controls the LED’s illumination intensity. Diode D1
ensures that the green segment of LED1 is fully extinguished when Q1 is turned on— which turns the
LED to red. Resistors R4 and R5 must be connected to the +V bus, not to pin 7 of U1, otherwise U2 will
mysteriously trigger itself each time the initial delay ends.




ONE-CHIP BURGLAR ALARM
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The single-chip, burglar-alarm circuit shown uses a dual 556 timer, draws 10 mA of standby current,
and generates a pulsing alarm signal that conserves battery energy. Once activated, the alarm will remain
on, independent of the subsequent state of any of the sensors. The sensors support both deferred and
immediate-action modes. You can attach this circuit to your car’s internal lighting circuitry using a single
wire and a relay. To arm this circuit, you open your car door and close switch SA. The switch discharges
capacitor C4 and holds the timer (one half of the 556 IC) in a reset state to prevent false triggering while
you’re arming the circuit. When you close your car door, the circuit enters a standby mode. If the door is
then reopened, the sensors apply a negative-going pulse to trigger 1. OQutput 1 then increases, enabling
the alarm for 1.1R1C1 seconds. Qutput 1’s high state triggers the multivibrator, the other half of the 556,
which begins to cycle after a delay equal to 1.1 (R2 + R3) C2 seconds. As long as the timer’s output stays
high, the multivibrator will continue to cycle, turning the horn off and on at 3.3-second intervals. During
the interval between time that the timer’s output increases and the time that the multivibrator’s output
decreases, you can disarm this circuit using switch SA. To prevent false triggering caused by switch con-
tacts, at S1, $2, and $3, that may bounce when closing the door, make the R6C3 time constant as large as
possible. In addition, capacitors C1 and C2 should be tantalum types and should exhibit leakage of less
than 1 xA at room temperature.




SEMICONDUCTOR FAIL-SAFE ALARM
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False alarms produced by semiconductor failure are impossible with this burglar-alarm circuit
equipped with relays. What's more, the circuit is virtually immune to false triggering. With a standby cur-
rent of less than 0.1 mA, the circuit offers all the features an alarm needs: entry and exit delays, a timed
alarm period, and automatic reset after an intrusion.

One CMOS CD4093B quad NAND gate, IC1, supplies both logic and analog timing functions with the
aid of Schmitt-trigger switching action. Relays make the circuit fail-safe in the alarm-active mode, even
when the semiconductors fail. The relays are 12-V, with coil resistances of 250 Q or more.

Closing switch S1 initiates circuit operation. Capacitor C2 begins charging through resistor R2 and
arming indicator LED1 lights. When pin 2 of IC1a reaches its switching point, its output decreases, extin-
guishing LED] and indicating that the exit delay has ended. That output also drives the base of Q1 low, so
that if the emitter circuit completes to the Vpp, line, Q1 conducts. The circuit is now armed, and current
drain drops to less than 0.1 mA.

When the vehicle is entered, relay RY1 contacts close momentarily, completing the emitter circuit of
Q1 and causing the RY2 contacts to close. Charging C4 through R7 determines the entry-delay period. If
the system isn’t turned off by opening S1 during this period, the oscillator circuit of IC1c and IC1d acti-
vates, and a rapid on/off horn-honking cycle kicks on with the zid of Q2 and RY3.

The alarm cycle ends after about a minute, when C2 charges through R3 to the threshold voltage of
IC1a at pin 1. This voltage resets the timing circuit, readying it for another entry/alarm cycle.

RY1 is connected for vehicles that use door switches connected to +12 V. For vehicles that use
grounding door switches, the bottom of the RY1 coil should connect to + 12 V instead of ground. In the
latter case, the polarity of C7 should be reversed.

For home use, the R3C3 time constant should be increased to give a longer alarm.




¥ SINGLE-IC AUTO ALARM
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See (a) for the timing information for the alarm circuit in (b). When leaving your vehicle, flip the arm-
ing switch and close the door to arm the device. Subsequent opening of an entrance triggers both timers.
After the expiration of the entry delay timer, the alarm sounds for a time determined by the second timer.
The value of R should be less than 1 K§}. If you use an incandescent lamp instead of a resistor, you get an
extra function—an open-entrance indicator. By keeping the resistance low, you avoid false tripping should
water collect under the hood. If your door switch connects the courtesy light to 12 V rather than ground,
use a single transistor as an inverter at the input.
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BURGLAR ALARM
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The heart of the circuit is a 555 oscillator/timer, U1, configured for monostable operation. The output
of U1 at pin 3 is tied to the gate of SCR1. As long as S1~S5, which are connected to the trigger input of
Ul, are oper, the circuit remains in the ready state, and does not trigger SCR1 into conduction. Because
the relay is not energized, battery current is routed through the relay's normally-closed terminal and
through current-limiting resistor R3 to LED2, causing it to light.

However, when one of the switches (51— S5) is closed, grounding U1 pin 2, the output of U1 at pin 3
increases, aetivating SCR1. That energizes the relay, pulling the wiper of K1 to the normally-open termi-
nal, causing LED1 to light and BZ1 to sound.

The duration of the output is determined by the RC time-constant circuit, formed by R1 and C1.
‘Resistor R2 regulates the output of Ul to a safe value for the gate of SCR1. Switches S1 - S5 are to doors,
windows, etc. A switch can be connected in series with Bl to activate and deactivate the alarm circuit
when it’s not needed.
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BURGLAR ALARM
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This circuit cannot be shut off for 10 to 60 seconds—even if the trip condition is immediately removed
It draws no standby power from the battery and is self-resetting.
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Amplifiers

’I‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each ¢ircuit correlates to the sources entry in the Sources section.

10

Input/Output Buffer Amplifier for
Analog Multiplexers

Absolute-Value Norton Amplifier

Intrinsically Safe Protected Op Amp

+15-V Chopper Amplifier

Composite Amplifier

Cascaded Amplifier

Inverting Amplifier

Noninverting Amplifier

Differential Amplifier

Active Clamp-Limiting Amplifier

Wide-Band AGC Amplifier

Polarity-Reversing Low-Power Amplifier
Summing Amplifier
Ac-Coupled Dynamic Amplifier
Forward-Current Booster
Dc-Stahilized Fast Amplifier
Write Amplifier
Low-Noise Photodiode Amplifier
Voltage-Follower Amplifier for
Signal-Supply Operation
Current-Shunt Amplifier
Constant-Bandwidth Amplifier



. INPUT/QUTPUT BUFFER AMPLIFIER FOR ANALOG MULTIPLEXERS

Ry
AN

P Ay = -Ri/R

TRANSDUCER
INPUTS

ANALDG MUX

L1

Fig. 3-1

AODRESS INPUTS
MINIMUM
AMPLIFIER | STABLE GAIN | SLEW RATE
HI-5147 10 35
HI-5157 5 20
HARRIS HI-5127 1 10

The precision input characteristics of the HA-5147 help simplify system error budgels, while its speed
and drive capabilities provide fast charging of the multiplexer’s output capacitance. This speed eliminates
an increased multiplexer acquisition time, which can be induced by more limited amplitiers. The HA-5147
accurately transfers information to the next stage while effectively reducing any loading effects on the mul-
tiplexer’s output.

ABSOLUTE VALUE NORTON AMPLIFIER

R, 100k R, 100k
yo AN — A

The noninverting amplifier has a gain of R2/R3
(1 in this case) and produces a voltage of Vo during
a positive excursion of ¥, with respect to ground.
R, The inverting amplifier accommodates the negative
excursions of V,; its gain is given by - R6/R7,
= which equals —1 to maintain symmetry with the
noninverting amplifier. R9 provides adjustment for
the symmetry, supply variations, and offsets . Even
though the circuit operates on a single supply, ¥V,
can go negative to the same extent that it goes
positive.

VUUT

1/4 LM390

Rg 50k

EDN = Y" Fig. 3-2
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INTRINSICALLY SAFE PROTECTED OP AMP
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In intrinsically safe applications, it is sometimes necessary to separate sections of circuitry by resis-
tors which limit current under fault conditions. The circuit shown provides an accurate analogue output
with effectively zero output impedance, despite having resistors in series with the output. The output volt-
age is given by:

Vin R
Vou = IRIZ

which is independent of R4 and Rp. The values of R4 and Rp should be chosen to achieve the desired
current limiting, but note that a proportion of the voltage given at the op-amp output will be dropped across
these resistors. This limits the output swing at the load to approximately:

VS Rload
RA + RB + Rl()ad

where: Vs = voltage swing at the op-amp output. Any type of op amp would be suitable.

+ 15-V CHOPPER AMPLIFIER

This simple circuit is a gain-of-1000 inverting
amplifier. It will amplify submillivolt signals up to
' signal levels suitable for further processing. In
INPUT >———1~;<W—' almost all system applications, it is best to use as
OUTPUT much gain as possible in the MAX420, thus mini-

mizing the effects of later-stage offsets. For exam-

ple, if circuitry following the MAX420 has an offset

of 5 mV, the additional offset referred back to the

MAX420 input (gain = 1000) will be 5 &V, doubling
MAXIM 0.14F 0.14F Fig. 3-4 the system’s offset error.

12



COMPOSITE AMPLIFIER
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Fig. 3-5

A composite configuration greatly reduces dc errors without compromising the high-speed, wideband
characteristics of HA-2539. The HA-2540 could also be used, but with slightly lower speeds and band-
width response.

The HA-2539 amplifies signals above 40 kHz which are fed forward via C2; R2 and R5 set the voltage
gain at —10. The slew rate of this circuit was measured at 350 V/ps. Settling time to a 0.1% level for a
10-V output step is under 150 ns and the gain bandwidth product is 300 MHz.

The HA-5170 amplifies signals below 40 kHz, as set by C1 and R1, and controls the dc input charac-
teristics such as offset voltage, drift, and bias currents of the composite amplifier. Therefore, it has an
offset voltage of 100 uV, drift of 2 uV/°C, and bias currents itr the 20-pA range. The offset voltage can be
externally nulled by connecting a 20-K2 pot to pins 1 and 5, with the wiper tied to the negative supply.
The dc gains of the HA-5170 and HA-2539 are cascaded; this means that the dc gain of the composite
amplifier is well over 160 dB.

The excellent ac and de performance of this composite amplifier is complemented by its low noise
performance, 0.5-uV rms from 0.1 Hz to 100 Hz. It is very useful in high-speed data acquisition systems.

"CASCADED AMPLIFIER

Al

SET: Ay =308
Az

: Ayz 333

6051
ﬂ-xcl

+
] 3pF w 5pF

6711

HARRIS Fig. 3-6

“Cascaded amplifier sections are used to extend bandwidth and increase gain. Using two HA-2539
devices, this circuit is capable of 60-dB gain at 20 MHz.

13



INVERTING AMPLIFIER NONINVERTING AMPLIFIER
v v
out ouT
R * “I __T_
Fig. 3-7
Fig. 3-8
Re
= - —37 +1
HANDS-ON ELECTRONICS HANDS-ON ELECTRONICS

DIFFERENTIAL AMPLIFIER

R1
V1 O
10K Vaur
R3
V2
10K
R
R4 t
-15V
20K
4 4

ALL RESISTANCE VALUES ARE IN OHMS

SR

Vaur = V*(Ha + R4 ] A1
IFRa - Re. B3 = 1 AND B2 . B4 ‘ This differenti‘al amplifier uses 2 .CA3193
BiMOS op amp. This classical, differential input-to-
THEN Vour = (¥; = V) ( %) signal-ended output converter when used with low-
resistance signal source will maintain level of
FOR VALUES ABOVE Vo7 = (Vs — V) CMRR, if R, = R; + R,

IFA,ISTOBEMADE1ANDIFR1 =R3 = R4 = R
WITH R2 = 0.999R (0.1% MISMATCH IN R2)

THEN Vpey = 0.0005 V,, OR CMRR = 66 dB
THUS, THE CMRR OF THIS CIRCUIT IS LIMITED BY
THE MATCHING OR MISMATCHING OF THIS NETWORK

RATHER THAN THE AMPLIFER
GE/RCA Fig. 3-9

14



; ACTIVE CLAMP-LIMITING AMPLIFIER

& —(VCLAMP -08) = -24V
The modified inverting amplifier uses an active

clamp to limit the output swing with precision.
Allowance must be made for the Vzz of the transis-
q tors. The swing is limited by the base-emitter
+(V CLAMP —0.6) breakdown of the transistors. A simple circuit uses
—O two back-to-back zener diodes across the feedback

resistor, but tends to give less precise limiting and
40 Vg cannot be easily controlled.
SIGNETICS Fig, 3-10

WIDE-BAND AGC AMPLIFIER
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1K
NOTE: v - s 0 -6V
ALL RESISTOR VALUES ARE IN OHMS Tt
SIGNETICS Fig. 3-11

The NE592 is connected in conjunction with a MC1496 balanced modulator to form an excellent auto-
matic' gain control system. The signal is fed to the signal input of the MC1496 and rc-coupled to the
NE592. Unbalancing the carrier input of the MC1496 causes the signal to pass through unattenuated. Rec-
tifying and filtering one of the NE592 cutputs produces a dc signal which is proportional to the ac signal
amplitude. After filtering, this control signal is applied to the MC1496, causing its gain to change.

15



i POLARITY-REVERSING LOW-POWER AMPLIFIER
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SUMMING AMPLIFIER
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28K I ; b
=
R R R
Vour = ~ H—;V' + R_gvz * FT;VJ)
Vour = — (2V, + 2V, + 2V,
GE/RCA re

ALL RESISTANCE VALUES ARE IN OHMS

This circuit uses a CA3193 BIMOS op amp. Because input noise of the ampiifier is increased by Ry/
R1//R2//R3, and the gain that a single input will amplify is the gain of only one of the input channels (Re/
R1), for good noise performance, use the smallest number of inputs.
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AC-COUPLED DYNAMIC AMPLIFIER

C
Ry

This circuit acts as a bandpass filter with gain
and would be most useful for biomedical instrumen-
tation. Low-frequency cutoff is set at 10 Hz while
the high-frequency breakpoint is given by the open-

CI TN loop rolloff characteristic of the HA-5141/42/44. In
&F R this case, the Ay, = 60 dB where the rolloff
g 6a,F  Fig. 3-14  ocours at approximately 300 Hz. This corner fre-
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HARRIS = UPPER CUTOFF FREQUENCY) parallel with Ry.
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Fig. 3-15

- 15¥ _—

The LT1012 corrects dc errors in the booster stage, and does not set high-frequency signals. Fast
signals are fed directly to the stage via Q5 and the 0.01-uF ceupling capacitors. Dc and low-frequency
signals drive the stage via the op-amp’s output. The output stage consists of current sources, Q1 and Q2,
driving the Q3 — Q5 and Q4 — Q7 complementary emitter follows. The diode network at the output steers
drive away from the transistor bases when output current exceeds 250 mA, providing fast short-circuit
protection. The circuit’s high frequency summing node is the junction of the 1-K and 10-K resistors at the
LT1012. The 10 K/39 pF pair filters high frequencies, permitting accurate dc summation at the LT1012’s
positive input. This current-boosted amplifier has a slew rate in excess of 1000 V/gs, a full power band-
width of 7.5 MHz and a 3-dB point of 14 MHz,
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DC-STABILIZED FAST AMPLIFIER
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Vi
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LINEAR TECHNOLOGY CORF.

R—GAIN DEPENDENT
SEE TEXT
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This amplifier functions over a wide range of
gains, typically 1-10. It combines the LT1010 and
a fast discrete stage with an LT1008 based dc stabi-
lizing loop. Q1 and Q2 form a differential stage
which single-ends into the LT1010. The circuit
delivers 1 V pk-pk into a typical 75-Q video load. At
A = 2, the gain is within 0.5 dB to 10 MHz with
the — 3-dB point occurring at 16 MHz. At 4 = 10,
the gain is flat (+0.5 dB to 4 MHz) with a —3-dB
point at 8 MHz. The peaking adjustment should be
optimized under loaded output conditions. This is a
simple stage for fast applications where relatively
low output swing is required. Its 1 V pk-pk output
works nicely for video circuits. A possible problem
is the relatively high bias current, typically 10 pA.
Additional swing is possible, but more circuitry is
needed,

Fig. 3-16

HI-200 .
[ nialaiadas B
O Ho !
1 ( )—*—
! |
| I -
HARRIS

‘WRITE AMPLIFIER

The proliferation of industrial and computer-
ized equipment containing programmable memory
has increased the need for reliable recording media.
The magnetic tape medium is presently one of the
most widely used methods. The pritmary compo-
nent of any magnetic recording mechanism is the
write mechanism. The concept of the write genéra-
tor is very basic. The digital input causes both a
change in the output amplitude, as well as a change
in frequency. This type of operation is accom-
plished by altering the value of a resistor in the
standard twin-tee oscillator. A HI-201 analog switch
was used to facilitate the switching action. The
effect of the external components on the feedback
network requires R6A and R6B to be much smaller
than would normally have been expected when
using the twin-tee feedback scheme,
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I LOW-NOISE PHOTODIODE AMPLIFIER
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Adding two passive components to a standard photodiode amplifier reduces noise. Without the modifi-
cation, the shunt capacitance of the photodiode reacting with the relatively large feedback resistor of the
transimpedance {(current-to-voltage) amplifier, creates excessive noise gain.

The improved circuit, Fig. 3-18b, adds a second pole, formed by R3 and C2. The modifications reduce
noise by a factor of 3. Because the pole is within the feedback loop, the amplifier maintains its low output
impedance. If you place the pole outside the feedback loop, you have to add an additional buffer, which
would increase noise and dc error.

The signal bandwidth of both circuits is 16 kHz. In the standard circuit (Fig. 3-18a), the 1-pF stray
capacitance in the feedback loop forms a single 16-kHz pole. The improved circuit has the same bandwidth
as the first, but exhibits a 2-pole response.
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VOLTAGE-FOLLOWER AMPLIFIER FOR SIGNAL-SUPPLY OPERATION
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This unity-gain follower amplifier has a CMOS p-channel input, an npn second-gain stage, and a
CMOS inverter output. The IC building blocks are two CA3600E’s (CMOS transistor pairs) and a CA3046
npn transistor array. A zener-regulated leg provides bias for a 400-pA p-channel source, feeding the input
stage, which is terminated in an npn current mirror. The amplifier voltage-offset is nulled with the 10-K€
balance potentiometer. The second-stage current level is established by the 20-K{2 load, and is selected to
approximately thefirst-stage current level, to assure similar positive and negative slew rates. The CMOS
inverter portion forms the final output stage and is terminated in a 2-KQ icad, a typical value used with
monolithic op amps. Voltage gain is affected by the choice of load resistance value. The output stage of this
amplifier is easily driven to within 1 mV of the negative supply voltage.
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CURRENT-SHUNT AMPLIFIER

+ 15V

% 0012SHUNT (R1)
NOTE 1 MAXIM

= SUPPLY GROUND

l—' OUTPUT W/AMP

INSTRUMENT
GROUND

Fig. 3-20

This circuit measures the power-supply cur-
rent of a circuit without really having a current-
shunt resistor: R1 is only 3 cm of #20 gauge copper
wire. A length of the power distribution wiring can
be used for R1. The MAX420’s CMVR includes its
own negative power supply; therefore, it can both
be powered by and measure current in the ground
line. '

CONSTANT-BANDWIDTH AMPLIFIER

1
—-

'

Ry

G,=

Vo

1+R,/2R;

G.=—-R\/2R>

The traditional restriction of constant gain-
bandwidth products for a voltage amplifier can be
overcome by employing feedback around a current
amplifier, Two current mirrors, constructed from
transistors in a CA3096AE array, effectively turn
the LF351 op amp into a current amplifier. Feed-
back is then applied by using R2 and R1, turning the
whole circuit into a feedback voltage amplifier with
a noninverting gain of G of 1 + R;/2R,.

Using the values shown, a constant bandwidth
of 3.5 MHz is obtained for all voltage gains up to
and beyond 100 at 10 V pk-pk output, equivalent to
a gain-bandwidth product of 350 MHz from an op
amp with an advertised unity gain-bandwidth of 10
MHz. An inverting gain configuration is also possi-
ble (see Fig. 2) where G = R,/2R;. Slewing rates
are significantly improved by this approach; even a
741 can manage 100 V ps under these conditions
since its output is a virtual earth. However, because
the new configurations use current feedback to
achieve bandwidth independence, an output buffer
should be added for circuits where a significant out-
put current is required,

Fig. 3-21

ELECTRONIC ENGINEERING
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4

Analog-to-Digital Converters
———— e

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Switched-Capacitor ADC
Tracking APC

ADC

Haif-Flash ADC

22



SWITCHED-CAPACITOR ADC

+VR
o0 4

Vi @
SILICONIX ng' 4-1

The CMOS comparator in the successive-approximation system determines each bit by examining the
charge on a series of binary-weighted capacitors. In the first phase of the conversion process, the analog
input is sampled by closing switch SC and all ST switches, and by simultaneouslty charging all the capaci-
tors to the input voltage.

In the next phase of the conversion process, all ST and SC switches are opened and the comparator
begins identifying bits by identifying the charge on each capacitor relative to the reference voltage. In the
switching sequence, all 8 capacitors are examined separately until all 8 bits are identified, and then the
charge-convert sequence is repeated. In the first step of the conversion phase, the comparator looks at the
first capacitor (binary weight = 128). One pole of the capacitor is switched to the reference voltage, and
the equivalent poles of all the other capacitors on the ladder are switched to ground. If the voltage at the
summing node is greater than the trip point of the comparator—approximately 1/2 the reference voltage, a
bit is placed in the output register, and the 128-weight capacitor is switched to ground. If the voltage at the
summing node is less than the trip point of the comparator, this 128-weight capacitor remains connected to
the reference input through the remainder of the capacitor-sampling (bit-counting) process. The process
is repeated for the 64-weight capacitor, the 32-weight capacitor, and so forth down the line, until all bits are
tested. With each step of the capacitor-sampling process, the initial charge is redistributed among the
capacitors. The conversion process is successive-approximation, but relies on charge shifting rather than a
successive-approximation register—and reference d/a—to count and weigh the bits from MSB to LSB.
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TRACKING ADC
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HARRIS Fig. 4-2

The analog input is fed into the span resistor of a DAC. The analog input voltage range is selectable in
the same way as the output voltage range of the DAC. The net current flow through the ladder termination
resistance; i.e., 2 K for HI-562A; produces an error voltage at the DAC output. This error voltage is
compared with 1/z LSB by a comparator. When the error voltage is within +1/2 LSB range, the Q output of
the comparators are both iow, which stops the counter and gives a data ready signal to indicate that the
digital output is correct. If the error exceeds the +1/2 LSB range, the counter is enabled and driven in an
up or down direction depending on the polarity of the error voltage.

The digital output changes state only when there is a significant change in the analog input. When
monitoring a slowly varying input, it is necessary to read the digital output only after a change has taken
place. The data ready signal could be used to trigger a flip-flop to indicate the condition and reset it after
readout. The main disadvantage of the tracking ADC is the time required to initially acquire a signal; for a
12-bit ADC, it could be up to 4096 clock periods. The input signal usually must be filtered so that its rate
of change does not exceed the tracking range of the ADC—1 LSB per clock period.
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Conversion speed of this design is the sum of the delay through the comparator and the decoding
gates. Reference voltages for each bit are developed from a precision resistor ladder network. Values of R
and 2R are chosen so that the threshold is 1/z of the least significant bit. This assures maximum accuracy
of +1/2 bit. The individual strobe line and duality features of the NE521 greatly reduced the cost and com-

plexity of the design.
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HALF-FLASH ADC

Vi ——¢—————

N OFL
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4 BIT

FLASH

ADC

4 BIT
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ADC

4 BIT | >
FLASH L = o
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An a/d conversion technique which combines some of the speed advantages of flash conversion with
the circuitry savings of successive approximation is termed half-flash. In an 8-bit, half-flash converter, two
4-bit flash a/d sections are combined. The upper flash a/d compares the input signal to the reference and
generates the upper 4 data bits. This data goes to an internal DAC, whose output is subtracted from the
analog input. Then, the difference can be measured by the second flash a/d, which provides the lower 4

data bits.

TIMING AND CONTROL

CIRCUITRY

CS RD RDY
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—= OFL
~={ msb
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o
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3-STATE
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8 BIT
OUTPUT
4 ish
MAX150
MAX154
MAX158
Fig. 4-4

26



5

Annunciator

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Transformerless Tone Annunciator



I TRANSFORMERLESS TONE ANNUNCIATOR

R1 V4
3' OUK v {(+5Vy)
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Q 01C|1' 7 M {4:M3800 (@)
T
8 OHM
= + L : PFAKER
Ve R3 R4
CONTROL o AAA AN f
INPUT 10M 10M =2kHz
EDN Fig. 5-1

This circuit does not require an output transformer or an output coupling capacitor; the annunciator
can easily be turned on or off by a control input voltage driving a 10-M£ input resistor, R3. For a smaller
acoustic output, replace output transistor, Q1, with a 100-§ resistor, while also raising the voice coil im-
pedance to 100 2, to prevent loading of the IC.
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6

Attenuators

rﬁle sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section,

Digitally Programmable Attenuator
Programmable Attenuator
Voltage-Controlled Attenuator



£ DIGITALLY PROGRAMMABLE ATTENUATOR

*USED FOR ADEQUATE
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The first stage is a simple buffer used to isolate the signal source from the attenuator stages to follow.
Each of the subsequent stages is preceded by a voltage divider formed by two resistors and CMOS switch.
Provided that the CMOS switch for each stage is closed, the drive signal will be attenuated according to
the basic voltage divider relationship at each stage. In the event a switch is open, nearly all of the signal
strength will be passed to the next stage through the 1-K{ resistor. The amplifiers act as buffers for
divider networks and reduce the interaction between stages. Eight levels of attenuation are possible with
the circuit as illustrated, but more stages could be added. Each divider network must be closely matched
to the resistor ratios shown or the level of attenuation will not match the levels in the logic chart.

PROGRAMMABLE ATTENUATOR
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Z - 60010
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75 Y J—————T—«M—o ouTPUT
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= HA-2400 AmP v-f—o - Z- 6000
15y
HARRIS Fig. 6-2

This circuit performs the function of dividing the input signal by a selected constant (1, 2, 4, 8, etc.).
While T, Z, or L sections could be used in the input attenuator, this is not necessary since the amplifier
loading is negligible and a constant input impedance is maintained. The circuit is thus much simpler and
more accurate than the usual method of constructing a constant impedance ladder, and switching sections
in and out with analog switches. Two identical circuits can be used to attenuate a balanced line.
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£ VOLTAGE-CONTROLLED ATTENUATOR
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SIGNETICS Fig. 6-3

This typical circuit uses an external op amp for better performance and an exponential converter to
get a control characteristic of —6 dB/V. Trim networks are shown to null out distortion and dc shift, and to
fine trim the gain to 0 dB with 0 V of control voltage.

3



7

Audio Amplifiers

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

AGC with Squelch Control
(rain-Controlled Stereo Amplifier
Microphone Amplifier

Audio Circuit Bridge Load Drive
20-dB Audio Booster

Micro-Size Amplifier

Audio Amplifier

Line-Operated Amplifier

Magnetic Phono Preamplifier

RIAA Preamplifier

Professional Audio NAB Tape
Playback Preamplifier

Mini-Steree

Speaker Amplifier for Hand-Held
Transceivers

TV Audio Amplifier



v AGC WITH SQUELCH CONTROL

14 HA-5144
O QUTPUT

INPUT O~{f

SQUELCH CONTROL
OF GAIN
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RO < 20KQ

R10
< H0KQ

0.1uF

Il

HARRIS Fig. 7-1

Automatic gain control is a very useful feature in a number of audio amplifier circuits: tape recorders,
telephone speaker phones, communication systems and PA systems. This circuit consists of a HA-5144
quad op amp and a FET transistor used as a voltage-controlled resistor to implement an AGC circuit with
squelch control. The squelch function helps eliminate noise in communications systems when no signal is
present and allows remote hands-free operation of tape recorder systems. Amplifier Al is placed in an
inverting-gain 7 configuration in order to provide a fairly wide gain range and a small signal leve] across the
FET. The small signal level and the addition of resistors R5 and R6 help reduce nonlinearities and distor-
tion. Amplifier A2 acts as a negative peak detector to keep track of signal amplitude. Amplifier A3 can be
used to amplify this peak signal if the cutoff voltage of the FET is higher than desired. Amplifier A4 acts as
a comparator in the squelch control section of the circuit. When the signal level falls below the voltage set
by R10, the gate of the FET is pulled low—turning it off completely—and reducing the gain to 2.4. The
output A4 can also be used as a control signal in applications, such as a hands-free tape recorder system.
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GAIN-CONTROLLED STEREO AMPLIFIER
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This circuit features the ZTX450/ZTX550 transistors in a push-pull output stage. The following read-
ings were taken at maximum volume:

Input: 0.4 mV rms

Output: 1.8 Vrms

Voltage gain: 4500

Max. output before distortion: 2.25 V rms — supply current = 3.5 mA
Zero output-supply current: 3.5 mA

Wattage: 0.034 W

Frequency response: 250 Hz to 28 kHz
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£ AUDIO CIRCUIT BRIDGE LOAD DRIVE

This circuit shows a method which increases
the power capability of a drive system for audio
speakers. Two HA-2542s are used to operate on

SPEAKER 80 half cycles only, which greatly increases their power
handling capability. Bridging the speaker, as shown,
makes 200 mA of output current available to drive
the load. The HA-5102 is used as an ac-coupled,
low noise preamplifier, which drives the bridge cir-
cuit.

=  HARRIS Fig. 7-4

20-dB AUDIO BOOSTER

B1
+8vD

b

HANDS-ON ELECTRONICS - — Fig. 7-5

The amplifier’s gain is nominally 20 dB. Its frequency response is determined primarily by the value of
just a few components—primarily C1 and R1. The values in the schematic diagram provide a response of
+3.0 dB from about 120 to over 20,000 Hz. Actually, the frequency response is flat from about 170 to well
* over 20,000 Hz; it’s the low end that deviates from a flat frequency response. The low end’s rolloff is
primarily a function of capacitor C1, since R1’s resistive value is fixed. If C1's value is changed to 0.1 uF,
the low end’s corner frequency—the frequency at which the low end rolloff starts—is reduced to about 70
Hz. If you need an even deeper low end rolloff, change C1 to a 1.0-uF capacitor. Ifit’s an electrolytic type,
make certain that it’s installed into the circuit with the correct polarity —with the positive terminal con-
nected to Q1's base terminal.
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MICRO-SIZED AMPLIFIER
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Reprinted with permlssion from Radio-Electronics Magazine, August 1985. Copyright Gernsback Publications, Inc., 1988. Fig. 7-6

Sound detected by electret microphone MIC1 is fed to IC1's input through resistor R2, and capacitors
C1 and C2. Resistors R2 and R5 determine the overall stage gain, while C2 partially determines the ampli-
fier’s frequency response. To ensure proper operation, use a single-ended power supply. R3 and R4 simu-
late a null condition equal to half the power supply’s voltage at IC1's noninverting input. The output of IC1
is transferred to emitter-follower amplifier Q1 via volume control R6. The high-Z-in/low-Z-out characteris-
tic of the emitter-follower matches the moderately high-impedance output of IC1 to a low-impedance

headphone load.
AUDIO AMPLIFIER
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C9 is necessary to filter-out f input interferences. R3 in combination with C5 is used tolimit the af
frequency bandwidth. The 470-xF power supply decoupling capacitor is C10.
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£ LINE-OPERATED AMPLIFIER
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T1 isolates the unit from the line, and has a 24-V, center-tapped secondary. The output of the trans-
former is rectified by diodes D1 and D2 and filtered by capacitor C3 to provide 15 to 18 Vdc. The LM383

has built-in protection against speaker shorts.

MAGNETIC PHONO PREAMPLIFIER
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POPULAR ELECTRONICS Fig. 7-9
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RIAA PREAMPLIFIER
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The circuit essentially provides low-frequency
boost below 318 Hz and high-frequency attenuation
above 3150 Hz. Recent modifications to the
response standard include a 31.5-Hz peak gain
region to reduce dc-oriented distortion from exter-
nal vibration.
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HARRIS Fig. 7-11

The preamplifier is configured to provide low-
frequency boost to 50 Hz, flat response to 3 kHz,
and high-frequency attenuation above 3 kHz. Com-
pensation for variations in tape and tape head per-
formance can be achieved by trimming R1 and R2.
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HANDS-ON ELECTRONICS 200 8Q Fig. 7-12

This circuit is built around two chips: the MC1458 dual op amp, configured as a preamplifier, and the

LM378 dual 4-watt amplifier. The gain of the preamp

is given by R3/R1 for one side and R4/R2 for the

other side, which is about 100. That gain can be varied by increasing the ratios. The left and right channel
inputs are applied to pins 2 and 6. The left and right outputs of U1 at pins 7 and 2 are coupled through C5/
R10 and C3/R6, respectively, to U2 to drive the two 8-Q loudspeakers.
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. SPEAKER AMPLIFIER FOR HAND-HELD TRANSCEIVERS

+12v )
O 9 tor
VIEW
L1 LM383
(SEE TEXT)
12345
+] 1000uF
c5 25V
R3
220 Ls1
4.8 10
SPKR
3w
a1 4TOuF {OR MORE)
25V R4
EXGEPT AS INDICATED. DECIMAL 2.2
VALUES OF CAPACITANGE ARE
IN MICROFARADS (gF ). OTHERS
ARE IN PICOFARADS { pF ): -
RESISTANCES ARE IN OHMS ¥ INSTALL AS CLOSE
QsT 77 AS POSSIBLE TO U1 Fig. 7-13

The LM383 is an audio-power amplifier that is capable of producing up to 8 W of audio output. R1 is
essentially a load resistor for the hand-held transceiver’s audio output. R2 can be composed of two fixed
resistors in a 10:1 divider arrangement, but using a potentiometer makes it easy to set the amplifier’s
maximum gain. When powered from a vehicle's electrical system, the amplifier’s +12V power source
requires filter L1 to eliminate alternator whine, The LM383 can be mounted directly on the heatsink
because the mounting tab is at ground potential.

TV AUDIO AMPLIFIER

12
EARPHONE
GUTPUT

+

c3
47 i
=

HANDS-ON. ELECTRONICS/POPULAR ELECTRONICS Fig. 7-14

The amplifier picks up the TV’s audio output signal and amplifies it to drive a set of earphones for
private listening. It is built around an LM324 quad op amp and an LM386 low-power audio amplifier. The
circuit uses an inexpensive electret microphone element as the pick-up and a set of earphones as the out-
put device.
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8

Automotive Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained.in the box of each circuit correlates to the sources entry in the Sources section.
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Auatomaobile Ignition Substitute
Courtesy Light Delay Switch
Lights-On Reminder
Automobile Locater
Read-Head Preamplifier
Delayed Extra Brake Light
Digital Tach/Dwell Meter
Automobile Air Conditioner
Smart Chatch
Door Ajar Monitor

Tachometer with Set Point
Automobile Voltage Regulator
Directional Signals Monitor
Automatic Headlight Delay
Back-Up Beeper

Electronic Car Horn
Courtesy Light Extender
Flashing Third Brake Light
Headlight Alarm



AUTOMOBILE IGNITION SUBSTITUTE

+12V (CAR BATTERY)

2.5Q, 20W BALLAST

4 8 68K 50, 10W CENTER
5 . 1 olo DISTRIBUTOR
I %’J/ LEAD
| &l NEON LAMP
( (SEE TEXT)
5. e !
%8 ! 0! - / TO PLUG
6 | il % \ WIRING
I k- -1-4Pp, - - >
3 5 _\ .«
; 01 1 IGNITION COIL
i (INTEGRAL OR
= EXTERNAL)
NV ~ .05/100V
1K
2N6384
GERNSBACK PUBLICATIONS INC. Fig. 8-1

The ignition substitute provides a constant power source for the ignition coil. Its frequency, 0.5-1.0
kHz, is that used by an 8-cylinder engine with an idling speed of 650 RPM, and the unit provides a rapid
spark at a 17% duty cycle, while staying within the power dissipation limits of the components.

The circuit consists of a 555 timer IC configured as an astable free-running multivibrator that is used
to drive a high-current npn transistor, such as a 2N6384. The transistor should be heavily heatsinked
because it might be drawing several amps over quite a long period of time.

The coil ballast can be from 0.68 to 6.5 Q, depending on what’s available. The 2.5-(, 20-W ballast
shown works well. All the other resistors can be either 1/4- or 1/2-W devices, and the capacitor, between
pins 1 and 5 of the 555, can range from 0.01 to 0.05 u¥. Do not omit the 100-V, 0.05-uF capacitor across
the transistor; it prevents voltage spikes from damaging the device.

Although designed for an 8-cylinder engine, this device can be used with other types. In addition, a
neon bulb can be added to the circuit to verify the presence of a spark.
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. COURTESY LIGHT DELAY SWITCH

D1OOK DjjTOPF 12K

5uF

ZTX08 H
™

Tt

CAR DOOR
CONTACTS

ZeTeX, formerly FERRANTI

Fig. 8-2

This circuit holds on the internal light for approximately one minute after the car doors are closed.
When the door contacts open, a + VE pulse is applied to the base of T1. This transistor turns on, turning
off T2 and charging the 10-uF capacitor. T3 turns on, holding on the internal light. The capacitor takes one
minute to discharge when the circuit reverts to its original state.

LIGHTS-ON REMINDER

T0
LIGHTS
01
1N4001
+
BZ1
D2
T0 1N4001
IGN.
AUX
R
1K
POPULAR ELECTRONICS Fig. 8-3

With both the ignition and the car lights on,
piezo transducer BZ1 draws no current and
remains silent. With only the ignition on, diode D1
is reverse-biased and so prevents current flow
through BZ1.

However, when the lights are on and the igni-

tion is off, the transducer becomes energized and

sounds to alert you to turn the lights off. With the
ignition off and the lights on, D2 is reverse-biased,
preventing current from flowing to the ignition.
Resistor R1 prevents a short circuit when the igni-
tion is omn.
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¥ AUTOMOBILE LOCATER

R4

gvoLTs - LED 1
R1
10K & i c3 /}l
7 3 47[‘)’F
\
. o LED 2
R2
555 AFf oo L1
1K £ 20— 500 - L 4‘
2 400 1800
pF uH
L2 / LED 3
1 500 - pF /
( ¢ _ ] 18004H /
= TO
0(1:,11F = SMALL L
: - ANTENNA L =
T P | -e0 4
Fig. 8-4a TO TELESCOFIC See /
ANTENNA Toxt
LED 5
Fig. 8-4b

GERNSBACK PUBLICATIONS INC,

This locater is made up of two parts. The first is an rf oscillator, whose circuit is shown in Fig. 8-4a.
The second is a sensitive receiver shown in Fig. 8-4b. The heart of the oscillator is a 555 timer IC. Tank
circuit C2 and L1 is used to tune the transmitter. The antenna is coupled to the transmitter through C3. A
telescopic antenna or a length of hookup wire will work quite well. At the receiver, the incoming signal is
tuned by C5 and 1.2 before being passed on to the 741 IC. The five LEDs are used to indicate signal
strength, they light up in order (1 to 5) as the signal gets stronger.

After the devices are built, the receiver and transmitter will need to be tuned. Tune the transmitter
until all of the receiver’s LEDs light. Separate the receiver and the transmitter—the farther apart they are
the better—and adjust R4 until vou get a maximum strength reading only when the receiver’s antenna is
pointed directly at the transmitter. Place the transmitter on the dashboard and completely extend the
antenna. To find your car, just extend the telescope antenna to its full length and hold it paralle] to the
ground. Point the antenna to your far left, then swing it to your far right. Do that until you find in which
direction the strongest signal lies, as indicated by the LEDs. The antenna will be pointing at your car.




READ-HEAD PREAMPLIFIER

R, 1.0M TR

Magnetic read head f Yoy H. 200k |
——— — [ A
, | L1897 1T
| | 16 V b 0 ChanneH
| ! R 1OM  1gg pF I &
| ’ I = |

[ ut = Ry 20k -
| L LM12g7 200

2 -
I > R, 20k i), 1 o
L T o G, L y  Chamel2
100pF L L1897
ELECTRONIC DESIGN Fig. 8-5

Choosing dc rather than ac coupling can reduce much of the noise associated with preamplifiers for a
magnetic reading head, particularly in the low frequencies. The LM1897 eliminates the need for the capac-
itor that usually ac couples the read head to the preamplifier input. The read head itself has a small resis-
tance, typically 50 £, and so is less prone to noise pickup. Moreover, the LM1897 has a low-bias current;
merely 2 pA as a worst case. Such a low-bias current flowing through the head’s low resistance generates
very little noise. Accordingly, even with a gain of 25, the first stage of the preamplifier circuit produces
little noise.

DELAYED EXTRA BRAKE LIGHT

BRAKE LIGHT

WITCH

12y . O NORMAL

T o ® BRAKE LIGHTS
100)F

ZTX5%0

ZN3055

T2W MAX
LAMPS

* ZETEX, formerly FERRANTI 7 . Fig. 8-6

Operating the brake pedal of the car brings on the normal brake lights and then, after a delay, the
- extra lights are turned on. A bimetal strip in series with the lights would make them flash.
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£ DIGITAL TACH/DWELL METER
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L oreio——] 1C8 3
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Reprinted with permission from Radio-Electronics Magazine, July 1985. Copyright Gemsback Publications, Inc., 1985. Fig. 8-7

The heart of the circuit is IC2, a 4046 micropower phase-locked loop (PLL). The incoming signals are
fed to the PLL after being buffered by IC1a and its associated components. The frequency of the incoming
signal is multiplied by either 90, 60, or 45, depending on the setting of the cylinder select switch, 52. That
switch selects the proper output from counters 1C3 and IC4, which are set to divide the output frequency
of the PLL by those amounts, and then send the divided output back to the comparator to the PLL to keep
it locked on to the input signal. The phase pulses output at pin 4 of IC2, then go through an AND gate
1C5d—which only passes the signals if the PLL is locked on to an input signal, preventing stray readings—
and then to the input of IC6. When in the tach mode, IC6 counts the number of pulses present at pin 12,
during the timing interval generated by IC8 and the associated circuitry of IC1b. Because of the varied
multiplication rate for the different cylinder selections—90, 60, and 45 for 4, 6, and 8 cylinders, respec-
tively, the time interval is always constant at 1/ of a second. The time interval is adjusted with R9, a 500-
K potentiometer; it is the only adjustment in the circuit.

In the high-tach (TACH 1 or x 100} range of 0 — 9990 rpm, the cutput of IC2 is routed by switches Sla
and S3 through IC7, a divide-by-ten counter, which increases the count range tenfold. In the low-tach
{TACH 2 or x10) range of 0—999 rpm, the counter is bypassed.
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& AUTOMOBILE AIR CONDITIONER SMART CLUTCH

*
E ; IGHITION __l AUTO
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e /p bl —
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Tk nasd $i00k 10k COMPRESSOR
A6 CLUTCH
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o
. o
N 4 1
I MR750 -
Copyright of Motorcla, Inc. Used by permission. T AL AESISTORS v w Fig. 8-8

This circuit disables the air conditioner compressor when additional engine power is required. It does
s0 by monitoring the engine vacuum at the intake manifold. If the vacuum drops to 40% of its normal level,
the compressor clutch is disabled, removing the air conditioner load from the engine. After the engine
returns to normal vacuurn level, there is a 6 second delay before the compressor clutch is enabled-and the
air conditioner is reactivated. This allows 6 seconds of extra power, about 500 ft at 60 MPH, which
increases the safety margin when passing another vehicle. Loss of cooling is minimal because the air con-
ditioner fan is not interrupted. When the engine is accelerated, manifold vacuum drops and vacuum switch
VS opens to 40% of the normal manifold pressure. This causes Q1 to turn on, discharging C2 and turning
off Q3 via diode D2. When Q3 turns off, so does Q2. When the engine reaches its normal operating vac-
uum, VS closes and Q1 turns off, allowing C2 to charge for 6 seconds until Q3 turns on again.

DOOR AJAR MONITOR

MURATA
PKM 24-480
TRAMSDUCER

5 eOFF

0N

FY
q01uF

R,
330k

|
!
eEpN L ’ Fig. 8-9

The monitor senses an ajar door and, if the situation isn’t corrected within 20 seconds, sounds a
beeping alarm. The circuit is controlled by a magnetic reed switch and magnet on the door. With the door
closed, the switch is closed and the alarm is disarmed. Opening the door opens switch, C1 starts charging
up through R1. Approximately 20 seconds later, the voltage at pin 9 is high enough to turn on the oscillator
formed from C, D, R2, R3, and C2. That pulses the piezoelectric transducer’s 3-kHz oscillator. For lower
standby drain on the battery, change R1 to 66 M{2 and C1 to 1 mF {film).

46



TACHOMETER WITH SET POINT
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& AUTOMOBILE VOLTAGE REGULATOR

TO BATTERY AND
ALTERNATOR CUTPUT
VIA FIELD RELAY AND
IGNITION SWITCH

R1 ) SIGNETICS |
TURN g 3 NEss5 322K
OFF TIMER — —
ADJUST / A POWER
3 8 / ’—ﬁ DARLINGTON
TURN ON| 20K 3 6 5 S MOTOROLA
ADJUST < MJE 1090
20K 2 2, 48 D21
JP'O“‘E. T D3 »1Ng14* | TO ALTERNATOR FIELD COIL
I IO.O'I#F s,
TO COIL TERMINAL = =2.2K<

ON STARTER RELAY

FROM IGNITION SWITCH R2 1N4001

180

L 4 D4

2N5220** D5 D1
1N5229 I

+ < ew) L + +

NOTES:
* Can be any general purpose Silicon diode or 1N4157 device.
**Can be any.general purpose Silicon transisior.
SIGNETICS All resistor values are in ohms. Fig. 8-11

A monolithic 555-type timer is the heart of this simple automobile voltage regilator. When the timer is
off so that its ocutput at pin 3 is low, the power Darlington transistor pair is off. If battery voltage becomes
too low, less than 14,4 V'in this case, the timer turns on and the Darlington pair conducts,

DIRECTIONAL SIGNALS MONITOR

+12V LEFT

o
FROM
DIRECTIONAL
BLINKERS o RIBHT
01y ) A unijunction transistor audio oscillator drives a
4001 IN400Y small speaker. The oscillator’s frequency is deter-
mined by resistor R2 and capacitor C2. The operat-
ing voltage is supplied from the car’s turn-signal
R . 2 R2 circuit(s) through D1 and D2. The diodes conduct
< P . . - - .
1008 ¥ ¥+ 56K current from the blinker circuit that is energized,
gflmn 4 and prevent stray current flow to the other blinker
OR @ ) circuit.
2N2646
=
SPKRI A3
80
HANDS-ON ELECTRONICS = Fig. 8-12
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AUTOMATIC HEADLIGHT DELAY

1-AMP
. sLOW
1 BLOW

l,. FROM BATTERY

: +12V DC
-l‘:\‘ #14 WIRE
i ——L e
(- HEADLIGHT
“WIRE

RY1

CONNECT TO AUTO FRAME

~* (NEG GROUND SYSTEM ONLY)

COLLECTOR
EMITTER

C1—500 xF electrolytic capacitor, 15 VDG or better

VIEW

8N1302,
HEP-641
BOTTOM

C11-—NPN transistor, 2N1302, HEP-641
Q2—FNP transistor, AGA 40254, HEP-628
R1—3,300-ohm, /2-walt rasistor
R2, R3--560-0hm, 1/2-watt resistor
RY1—Relay, DPDT, 10-amp contacts, 12 VDC
coil resistance-at least 100-ohms, Potter and
TAB BOOKS  Brumfield type MR11D or equiv.

When the driver depresses pushbutton switch S1, timing capacitor C1 charges to 12 V and turns on
transistor Q1, which drives power transistor Q2 into-conduction. This, in turn, energizes the relay which
has its contacts connected in parallel with the headlight switch. The relay will stay energized until C1 dis-
charges to the Q1 turn-off level. The lights-on period is determined by the value of C1, R1, and the charac-
teristics of transistor Q1. With values chosen on the schematic, about 80 light-on seconds are provided.

COLLECTOR BASE 40254
(CASE) ~ HEP-628
@ BOTTOM
EMITTER VIEW
S1—S8PST pushibutton switch, normally open
(time-start switch)
Misc—31a-in. x 2Ve-in. x 15/e-in. case, 1-amp SB

fuse with pigtail leads, #14 wire, hook-up wire,
printed circuit material, hardware, solder, elc.

Fig. 8-13

T . »T0AUTO
= I ik — GROUND
Rl -‘L—l $ 0k
108K
""
b
2 4 s sl 1
ul
556
DUAL OSCILLATOR/TIMER
132N 9 =
)
1 003
R1 A4
00K 100K
t_ TDBACKUP
LIGHT L3
TAB BOOKS 300 810

BACK-UP BEEPER

Fig. 8-14

Put the car in reverse and the circuit provides a
loud, audible beep at the rate of about one per sec-
ond (1 Hz). Half of Ul, a 556 dual oscillator/timer,
is used as a slow-pulse oscillator with a rate of
about 1 Hz. Components R2, R1, and C1 form the
long time constant. You can calculate on time by
t=.7 (R1 + R2) C1 or 1.15 seconds. The off time
is shorter than the on time, at .77 second. Enabling
pin 4 (reset) is held high to keep the oscillator free-
running when voltage is appiied to pin 14. The out-
put at pin 5 is coupled to pin 10 of Ul enabling
oscillator 2. Oscillator 2 of Ul produces an audio
output of about 1 kHz, as determined by C2, R3,
and R4. Pin 10 (reset) of oscillator 2 is connected to
the pin 5 output of oscillator 1. So when pin 5
becomes positive, the vscillator beeps a short
pulsed tone of 1 kHz.
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ELECTRONIC CAR HORN
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Fig. 8-15

An LM556 dual oscillator/timer, U1, configured as a two-tone oscillator drives U2, a dual 4-watt ampli-

fier. One of the oscillators, pins 1 to 6, contained in Ul produces the upper frequency signal of about 200
Hz, while the second oscillator, pins 8 to 13, provides the lower frequency signal of about 140 Hz. Increase
or decrease the frequencies by changing the values of C2 and C3. Ul’s outputs, pins 9 and 5, are con-
nected to separate potentiometers to provide control over volume and balance, Each half of U2 produces 4
W of audio that is delivered to two 8- loudspeakers via capacitors C7 and C8.
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COURTESY LIGHT EXTENDER (Cont.)

£

The circuit keeps the courtesy light on for 30 seconds after you close the door. The lead from the door
switch is removed and connected to the 555 circuit. The 555 is arranged in a monostable mode, and is
triggered by the door switches. The output drives Q1, which is connected across the interior light switch.
The interior light is turned on for 30 seconds after the door is opened. If the door(s) are held open for
longer than 30 seconds, it will not reset until after the doors are closed. In that case, the lights go out
immediately.

FLASHING THIRD BRAKE LIGHT

t SO
e L 4
LN S, S T i ® |
1 7 1 7 > ]
— ) 3RO
- : LIGHT
= Ut ! = = 3525 e PGND
, see ] 7 ) EI'HB =
50K 10K .
— b —9 04
3 3 : | ECG5850
A
+
c3
Tﬂ] 111
L ECGSA60
403
1914
o &
R9  SK3083
10082 o T
LEFT  RIGHT
BRAKE BRAKE
LIGHT  LIGHT
POPULAR ELECTRONICS/HANDS-ON ELECTRONICS Fig. 8-17

When power is first applied, three things happen: light-driving transistor Q1 is switched on due to a
low output from U2 pin 3; timer U1 begins its timing cycle, with the output, pin 3, becoming high, inhibit-
ing U2’s trigger, pin 2, via D2; and charge current begins to move through R3 and R4 to C1.

When Ul’s output becomes low, the inhibiting bias on U2 pin 2 is removed, so U2 begins to oscillate,
flashing the third light via Q1, at a rate determined by R8, R6, and C3. That oscillation continues until the
gate-threshold voltage of SCK1 is reached, causing it to fire and pull U1’s trigger, pin 2,low.

With its trigger low, Ul’s output is forced high, disabling U2’s triggering. With triggering inhibited,
U2’s output switches to a low state, which makes Q1 conduct, turning on I1 until the brakes are released.
Of course, removing power from the circuit resets SCR1, but the rc network consisting of R4 and C1 will
not-discharge immediately and will trigger SCR1 earlier. So, frequent brake use means fewer flashes.
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TO INST.
PANEL LAMP
FUSE

PIEZO
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Q2
2N2222

R3
2200

D1
1NS14

HEADLIGHT ALARM

T0
IGNITION
SWITCH
FUSE

R1
10K

R2
10K

Fig. 8-18

The base of Q1 is connected to the car’s igni-
tion circuit. One side of the piezoelectric buzzer is
connected to the instrument-panel light fuse. When
the headlights are off, no current reaches the
buzzer, and therefore nothing happens. What hap-
pens when the headlights are on depends on the
state of the ignition switch. When the ignition
switch is on, transistors Q1 and Q2 are biased on,
removing the buzzer and the LED from the circuit.
When the ignition switch is turned off, but the
headlight switch remains on; transistor Q@ is
turned off, but transistor Q2 continues to be biased
on. The result is that the voltage is sufficient to
sound the buzzer loudly and light the LED. Turning
off the headlight switch will end the commotion
quickly.

Reprinted with permission from Radio-Electronics Magazine, April 1987. Copyright Gernsback Publications, Inc., 1987.
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9
Battery Chargers

rﬂw sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

PUT Battery Charger UJT Battery Charger
Lead/Acid Battery Charger Portable NiCad Battery Charger
Lead/Acid Low-Battery Detector ~ Universal Battery Charger
Universal Battery Charger Low-Battery Warning



. PUT BATTERY CHARGER
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Copyright of Matorola, Inc. Used by permission. Fig. 9-1

A short-circuit-proof battery charger will provide an average charging current of about 8 A to a 12-V
lead/acid storage battery. The charger circuit has an additional advantage; it will not function nor will it be
damaged by improperly connecting the battery to the circuit. With 115 V at the input, the circuit com-
mences to function when the battery is properly attached. The battery provides the current to charge the
-timing capacitor C1 used in the PUT relaxation oscillator. When C1 charges to the peak point voltage of the
PUT, the PUT fires turning the SCR on, which in turn applies charging current to the battery. As the
battery charges, the battery voltage increases slightly which increases the peak point voltage of the PUT.
This means that C1 has to charge to a slightly higher voltage to fire the PUT. The voltage on C1 increases
until the zener voltage of D1 is reached, which clamps the voltage on C1, and thus prevents the PUT
oscillator from oscillating and charging ceases. The maximum battery voltage is set by potentiometer R2
which sets the peak point firing voltage of the PUT. In the circuit shown, the charging voltage can be set
from 10 V to 14 V—the lower limit being set by D1 and the upper limit by T1.
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LEAD/ACID BATTERY CHARGER
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This circuit furnishes an initial voltage of 2.5 V per cell at 25°C to rapidly charge a battery. The charg-
ing current decreases as the battery charges, and when the current drops to 180 mA, the charging circuit
reduces the output voltage to 2.35 V per cell, leaving the battery in a fully charged state. This lower volt-
age prevents the battery from overcharging, which would shorten its life.

The LM301A compares the voltage drop across R1 with an 18 mV reference set by R2. The compara-
tor’s output controls the voltage regulator, forcing it to produce the lower float voitage when the battery-
charging current, passing through R1, drops below 180 mA. The 150 mV difference between the charge
and float voltages is set by the ratio of R3 to R4. The LEDs show the state of the circuit.

Temperature compensation helps prevent overcharging, particularly when a battery undergoes wide
temperature changes while-being charged. The LM334 temperature sensor should be placed near or on
the battery to decrease the charging voltage by 4 mV/°C for each cell. Because batteries need more tem-
perature compensation at lower temperatures, change R5 to 30 £ for a tc of —5 mV/°C per cell if applica-
tion will see temperatures below —20°C,

The charger’s input voltage must be filtered dc that is at least 3 V higher than the maximum required
output voltage: approximately 2.5 V per cell. Choose a regulator for the maximum current needed: LM371
for 2 A, LM350 for 4 A, or LM338 for 8 A. At 25°C and with no output load, adjust R7 for a Vyyr of 7.05
V, and adjust R8 for a Vour of 14.1 V.
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When power is applied to the circuit, SCR1 is
off, so there is no bias-current path to ground;
thus, LM317 acts as a current regulator. The
LM317 is connected to the battery through steer-
ing diode D1, limiting resistor R1, and bias resistor
R2. The steering diode prevents the battery from
discharging through the LED and the SCR when
power is removed from the circuit. As the battery
charges, the voltage across trip-point potentiome-
ter R5 rises, and at some point, turns on the SCR.
Then, current from the regulator can flow to
ground, so the regulator now functions in the volt-
age mode. When the SCR turms on, it also provides
LED1 with a path to ground through R3. So, when
LED1 is on, the circuit is in the voltage-regulating
mode; when LED1 is off, the circuit is in the cur-
rent-regulating mode.

This circuit will not work unless the battery to
be charged is connected with proper polarity. The
battery voltage controls the charger and when the
battery is fully charged, the charger will not supply
current to the battery. The battery charging the
current is obtained through the SCR when it is trig-
gered into the conducting state by the UJT relaxa-
tion oscillator. The oscillator is only activated when
the battery voltage is low. Vgap of the UJT is
derived from the voltage of the battery to be
charged, and since Vp=Vp=Vgap; the higher
Va1, the higher Vp. When Vp exceeds the break-
down voltage of the zener diode Z1, the UJT wil
cease to fire and the SCR will not conduct. This
indicates that the battery has attained its desired
charge as set by R2.
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PORTABLE NICAD BATTERY CHARGER
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This circuit was designed to charge NiCad battery packs in the range of 4.8 to 15.6 V from a conve-
nient remote power source, such as an automobile battery. When power is first applied to the circuit, a
small bias current supplied by R1 via winding W1, starts to turn on the transistor TR1. This forces a volt-
age across W2 and the positive feedback given by the coupling of W1 and W2 causes the transistor to turn
hard on, applying the full supply across W2, The base drive voltage induced across W1 makes the junction
between R1 and R2 become negative with respect to the 0-V supply, forward-biasing dicde D1 to provide
the necessary base current to hold TR1 on.

With the transistor on, a magnetizing current builds up in W2, which eventually saturates the ferrite
core of transformer T1. This results in a sudden increase on the collector current flowing through TR1,
causing its collector-emitter voltage to rise, and thus reducing the voltage across W2. The current flowing
in W2 forces the collector voltage of the TR1 to swing positive until restricted by transformer output load-
ing. Rc network R4 and C3 limits the turn off transient TR1. R3 and C2 maintain the loop gain of the circuit
when diode D1 is not conducting.
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The charger’s output voltage is adjustable and regulated, and has an adjustable constant-current
charging circuit that makes it easy to use with most NiCad batteries. The charger can charge a single cell
or a number of series-connected cells up to a maximum of 18 V.,

Power transistors Q1 and Q2 are connected as series regulators to control the battery charger’s out-
put voltage and charge-current rate. An LM317 adjustable voltage regulator supplies the drive signal to the
bases of power transistors Q1 and Q2. Potentiometer R9 sets the output-voltage level. A current-sampling
resistor, R8 (a 0.1-{2, 5-W unit), is connected between the negative output lead and circuit ground. For
each amp of charging that flows through R8, a 100 mV output is developed across it. The voltage devel-
-oped across R8 is fed to one input of comparator U3. The other input of the comparator is connected to
variable resistor R10.

As the charging voltage across the battery begins to drop, the current through R8 decreases. Then
the voltage feeding pin 5 of U3 decreases, and the comparator output follows, turning Q3 back off, which
completes the signal’s circular path to regulate the battery’s charging current.

The charging current can be set by adjusting R10 for the desired current. The circuit’s output voltage
is set by R9.
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A voltage divider consisting of R1, R2, and R3 is used to set the input reference voltage below which
the batteries are to be replaced. That reference voltage, at point A, is varied by R1. With the voltage
divider shown in Fig. 9-7, a range of 2 to 3.5 V is possible. When the battery voltage drops below that at
point A, the output of ICla, 1/4 of a LM339 quad comparator, switches from high to low. That triggers
IC1b, which is configured as an astable multivibrator. Feedback resistors R6 and R7, coupled with capaci-
tor C1, determine the time constant of the multivibrator. The output from IC1b is connected to LED1
through dropping resistor R8. With the circuit values as shown, the LED will flash at a rate of 3 Hz.
Although this circuit was designed specifically to monitor RAM back-up batteries, it can of course be modi-
fied for use in just about any application where the condition of a battery must be found.
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10

Battery Monitors

r].‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Quickly Deactivating Battery Sensor

Automatic Shutoff for Battery-Powered
Projects

NiCad-Battery Protection Cirzuit

9-V Battery Life Extender

Auto Battery Alternator Monitor

Low-Battery Detector

NiCad-Battery Analyzer
Low-Battery Protector
Low-Battery Warning/Disconnector
Battery Capacity Tester

Battery Splitter

Electric Vehicle Battery Saver



QUICKLY DEACTIVATING BATTERY SENSOR
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The sensing circuit rapidly disconnects the battery veltage and load whenever the voltage drops below
a preset thresheld. One-way operation prevents the circuit from reconnecting the load if the voltage should
then rise above the threshold. C1 ensures that the circuit doesn’t activate while making connections to the
battery; if you accidentally reverse these connections, D1 will block the turn on the relay.

After you connect the battery, nothing happens until you depress pushbutton switch S1, which allows
relay K1 to energize. When you release S1, the relay remains on only if the battery voltage is above the
minimum level. You preset this threshold—to 31.5 V when testing 36-V batteries, for example—using R4,
Q1 begins to turn off as the battery voltage drops. Once the threshold level is reached, Q2 also begins to
turn off, and its rising coliector voltage provides positive feedback to the base of Q1, accelerating the turn
off. When Q2 turns off, the relay drops out, disconnecting the battery from its load.

AUTOMATIC SHUTOFF FOR BATTERY-POWERED PROJECTS
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Fig. 10-2

POPULAR ELECTRONICS / HANDS-ON ELECTRONICS

When S1 is depressed, C1 begins to charge to
the supply voltage. That places a forward bias on
the gate of Q1 turning it on and supplying current to
load resistor RL.. When the charge on C1 leaks off,
the transistor shuts off, cutting off current to the
load. That load could be anything from a transistor
radio to a child’s toy. Transistor Q1, available from
Radio Shack as part No. 276 - 2070, is rated at 0.5
A at 60 Vdc. With a supply voltage of 9 Vdc and
with C1 rated at 0.22 uF, a delay of about one min-
ute is produced; with C1 rated at 10 gF, the delay is
about an hour.
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NICAD-BATTERY PROTECTION CIRCUIT
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Fig. 10-3

If a NiCad battery is discharged to a point at
which the lowest capacity cell becomes fully dis-
charged and reverses polarity, that cell will usually
short internally and become unusable. To prevent
this type of damage, this circuit detects a one-cell
drop of 1.25 V and turns the load off before cell
reversal can occur.

Low-current zener or other voltage sensor D1
and resistors R1 and R2 establish a reference level
for transistor Q1. These resistors bias the zener to
a few microamperes above its ‘‘knee.”’ Therefore,
if battery voltage falls more than 1.25 V, Q1 turns
off, turning off Q2, and disconnecting the load.
After the load is disconnected, if the battery
returns to nominal voltage, the high value of resis-
tor shunting Q2 provides enough output voltage to
reset the voltage sensor and turn Q2 back on. If
desirable, shunt diode D2 or the parasitic diode of
the TMOS device, if suitable, allows the battery to
be charged from the load-terminals.

The protection circuit presents a shunt current
of only 10 mA at nominal battery voltage, which is
low relative to the internal leakage of the batteries.
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9-V BATTERY LIFE EXTENDER (CONT.)

# Circuit provides a minimum of 7 V until the 9-V battery voltage falls to less than 2 V. When the battery
voltage is above 7 V, the MAX630’s IC pin.is low, putting it into the shutdown mode which draws only 10
nA. When the battery voltage falls to 7 V, the MAX8212 voltage detector’s output increases. The
MAX630 then maintains the output voltage at 7 V. The low battery detector (LBD) is used to decrease the
oscillator frequency when the battery voltage falls to 3 V, thereby increasing the output current capability
of the circuit. Note that this circuit, with or without the MAX8212, can be used to provide 5V from 4
alkaline cells. The initial voltage is approximately 6 V, and the output is maintained at 5 V even when the

battery voltage falls to less than 2 V.

AUTO BATTERY ALTERNATOR MONITOR
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Most of the circuitry is contained in the
L.M3914 dot/bar-graph driver 1C chip. In addition
to the comparator circuitry within the package, it
also contains a stable reference supply and the driv-
ers for the LEDs. Resistor R2 acts as the current
limiter for all the LEDs. Resistor R2 may be varied
for LED brightness.

The unit will illuminate one LED for each volt-
age condition encountered in the charging system.
This system is called a dot-graph display; ‘it is
achieved by wiring the mode control at pin 9 to pin
11 on UL, It is possible to wire the monitor so that
each lamp will be illuminated up to the maximum
voltage on the line at that moment. The latter is
referred to as a bar-graph display. By connecting
pin 9 to pin 3 on Ul, the bar-graph mode will be
enabled.

LOW-BATTERY DETECTOR
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Comparator A detects when the supply voltage
drops to 4 V and enables comparator B to drive a
piezoelectric alarm.
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NICAD-BATTERY ANALYZER
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Because NiCad batteries maintain a constant output voltage, it is difficult to determine how much of
the battery’s charge remains. The circuit provides a way of determining the capacity of a battery by drain-
ing it at a preset current to its depleted voltage of 1 V/cell. Measure the discharge time of the cells and
perform a simple calculation to obtain the battery’s capacity.

Set the drain current (/p) to 0.5C (C = battery capacity in mA/hr) by selecting an appropriate value
for R4. Choose R5 such that: I, x R5 = 1 V. Vygris set so the comparator turns off the drain current and
timer when the battery reaches its depleted voltage, V5 (usually 1 V/cell). You calculate Vygp as follows:

Virr = R; [Ro(Vs — 1.3) + R\ V3]
REF —
Rl R2 + R2R3 + R1R3

With the battery in place, activate the circuit by grounding Vigr with the momentary switch. The battery
drains at I, until it reaches Vg, turning off the drain circuit and the timer, Hysteresis keeps the circuit from
restarting. Determine the battery’s capacity using the following equation:

‘Cimany = Time of Cycle x [

The circuit shown tests 4.8 V, 180 mA/hr batteries. Inis 100 mA and Vzis 4 V.
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To prevent battery damage due to over-dis-
charge, a low-voltage detector and switch should be
included in the design of the battery backup circuit.
The detector circuit should consume extremely low
current. The switch should exhibit a low-voltage
drop and be easy to control.

R1 and D2 provide a trickle charge for the bat-
tery. Chosen for its low forward voltage drop,
Schottky diode D3 prevents forward polarization of
the diode incorporated in Q1. When the battery
voltage is above approximately 8 V, the output of
Ul is low and Q1 is turned on. If the battery voltage
falls below 8 V, the output of Ul increases and
turns off Q1.
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NiCad batteries are excellent rechargeable power sources for portable equipment, but care must be
taken to ensure that the batteries are not damaged by overdischarge. Specifically, a NiCad battery should
not be discharged to the point where the polarity of the cell is reversed and is reverse-charged by the
higher-capacity cells. This reverse charging will dramatically reduce the life of a NiCad battery. This circuit
both prevents reverse charging and also gives a low-battery warning. A typical low-battery warning voltage
is 1 V per cell. Since a NiCad, 9-V battery is ordinarily made up of six cells with a nominal voltage of 7.2 V,
a low-battery warning of 6 V is appropriate, with a small hysteresis of 100 mV. To prevent overdischarge of
a hattery, the load should be disconnected when the battery voltage is 1 V x (N~-1), where N = number
of cells. In this case, the low-battery load disconnect should occur at 5 V. Since the battery voltage will rise
when the load is disconnected, 800 mV of hysteresis is used to prevent repeated on-off cycling.
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BATTERY CAPACITY TESTER
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The test circuit gives an indication of the capacity remaining in a battery. By noting the time in seconds
that the LED remains on after you depress the test switch S1. The circuit has proven reliable in testing
NiCad-, carbon-, and alkaline-type batteries. Closing S1 activates the circuit by applying voltage from the
battery under test. Voltage V; jumps to a value ¥y = ViR;/(R; + R;) when the switch closes and then
increases with a time constant T = G, (R, + R;). The divider R4/R5 fixes V;. The reference circuit [C1
sets Vg to approximately 2.5 V. The op-amp's output remains high (LED on) until V) rises to the level of
V2, when the LED turns off. Calculate the on-time £y as follows:

V-V

fow = Tlp IR™ 70
A 7
BATTERY SPLITTER

A common need in many systems is to obtain
positive and negative supplies from a single battery.

' Where-current requirements are small, the circuit

<7 shown is a simple solution. It provides symmetrical

Vg & Kl 2} Y25 + output voltages, both equal to one half the input
o) = o L {2] LTC1044 . 7] voltage. The output voltages are referenced to pin

REQUIRED FOR Vg< 6V
6} 4 ’ 3. output common. If the input voltage between pin

B> -V2-450 g g pin 5 exceeds 6 V, pin 6 should also be con-
nected to pin 3, as shown by the dashed line.
Higher current requirements are served by an
LT1010 buffer, The splitter circuit can source or
1 ggm’gN sink up to +150 mA with only 5 mA quiescent cur-

rent. The output capacitor, C2, can be made as

large as necessary to absorb current transients. An
LINEAR TECHNOLOGY Fig. 10-11  input capacitor is also used on the buffer to avoid
high frequency instability that can be caused by
high source impedance.
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4 ELECTRIC VEHICLE BATTERY SAVER
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The battery life and operating cost of an electric vehicle is severely affected by overdischarge of the
battery. This circuit provides both warning and shutdown. An electronic switch is placed in series with the
propulsion motor contactor coil. Three modes of operation are possible:

+ When the propulsion power pack voltage is above the 63-V trip point, the electronic switch has no effect
on operation

» When the propulsion power pack no load voltage is below 63 V, power will not be supplied to the propul-
sion motor since the electronic switch will prevent contactor operation

o When the propulsion power pack loaded voltage drops below 63 V, the contactor will close and open

because of the electronic switch. The bucking operation.indicates to the operator need to charge the
batteries
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11
Bridge Circuits

h

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Auto-Zeroing Scale

Accurate Niill/Variable Gain Circuit

Remote Sensor Loop Transmitter

-Bridge Transducer Amplifier

Strain Gauge Signal Conditioner with
Bridge Excitation
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Electronic scales have come- into wide use and
the HA-510X, as a very low noise device, can
improve such designs. This circuit uses a stain-
gauge sensing element as part of a resistive Wien-
bridge. An auto-zero circuit is also incorporated
into this design by including a sample-and-hold net-
work.

The bridge signal drives the inverting input of a

differentially configured HA-5102. The noninvert-
ing input is driven by the other half of the HA-5102
used as a buffer for the holding capacitor, CH. This
second amplifier and its capacitor CH -form the
sampling circuit used for automatic output zeroing.
The 20-K resistor between the holding capacitor
CH and the input terminal, reduces the drain from
the bias currents. A second resistor RG is used in
the feedback loop to balance the effect of R8. If R7
is approximately equal to the resistance of the
strain gauge, the input signal from the bridge can be
roughly nulled with R6. With very close matching of
the ratio R4/R1to R3/R2, the output offset can be
nulled by closing S1. This will charge CH and pro-
vide a 0-V difference to the inputs of the second
amplifier, which results in a 0-V output. In this
manner, the output of the strain gauge can be indi-
rectly zeroed. R10 and potentiometer R11 provide
an additional mechanism for fine tuning Foyr, but
they can also increase offset voltage away from the
zero point. C1 and C2 reduce the circuit’s suscepti-
bility to noise and transients.

ACCURATE NULL/VARIABLE GAIN CIRCUIT
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The circuit can use any general-purpose, low-offset, low-drift op amp, such as the OP-07. The differ-
ential signal from the bridge feeds an amplifier that drives an ordinary, rugged +50-pA meter. Near the
null point, however, the drastically reduced signal level from the bridge requires very high gain to achieve a
high null resolution. To provide the variable-gain feature, the op amp’s feedback path needs a dynamic
resistance that increases as the input signal drops. Two common signal diodes, D1 and D2, inan antiparal-
lel configuration in the feedback path supply function for all positive and negative inputs. To stabilize the op
amp circuit at high gain, capacitors C3, C5, and C6 reduce response to high frequencies; capacitors C1 and

C2 bypass the amplifier's power supplies.
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REMOTE SENSOR LOOP TRANSMITTER
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This circuit shows amplifier A1 as a sensor amplifier in a bridge configuration. Amplifiers A2 and A3
are configured as a voltage to.frequency converter and A4 is used as the transmitter. This entire sensor/
transmitter can be powered directly from a 4 to 20 mA current loop.

The bridge configuration produces a linear output with respect to the changes in resistance of the
sensor. The voitage at the output of Al causes the integrator output A2 to ramp down until it crosses the
comparator threshold voltage of A3. A3 turns on Q1 and Q2. Al causes the output of A2 to ramp up at a
rate nearly equal to its negative slope, while Q2 provides hysteresis for the comparator. In addition, Q1
and Q2 help eliminate changes in power supply loop voltage. Amplifier A4 and Q3 are configured as a con-
stant current sink which turns on when the comparator current increases. The resulting increase in loop
current {ransmits the frequency of the V/F converter back to the control circuitry.
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BRIDGE TRANSDUCER AMPLIFIER
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In applications involving strain gauges, accelerometers, and thermal sensors, a bridge transducer is
often used. Frequently, the sensor elements are high resistance units requiring equally high bridge resis-
tance for good sensitivity. This type of circuit then demands an amplifier with high input impedance, low
bias current and low drift. The circuit shown represents a possible solution to these general requirements.

STRAIN GAUGE SIGNAL CONDITIONER WITH BRIDGE EXCITATION

+T8Y

LT 1008 |
-75¥
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LINEAR TECHNOLOGY Flg. 11-5

The LT1007 is capable of providing excitation current directly to bias the 350-{} bridge at 5 V. With
only 5V across the bridge, as opposed to the usual 10 V, total power dissipation and bridge warm-up drift
is reduced. The bridge output signal is halved, but the LT1007 can amplify the reduced signal accurately.
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Burst Generators

“

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Portable Rf Burst Generator
Tone Burst Generator for European Repeaters
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PORTABLE RF BURST GENERATOR
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EDN

The circuit generates low-level rf bursts having frequencies as high as 10 MHz, thus permitting field
testing of high frequency receivers. A jumper-selectable binary fraction (1/2 to 1/256 of the Y1 crystal fre-
quency gates the output rf signal. Output amplitude (open circuit) is approximately 100 mV; output im-
pedance is approximately 49 Q. The rf source is a clock oscillator based on a 3.58-MHz, color-burst erys-
tal and two inverting buffers. The oscillator drives two cascaded 4-bit binary counters, IC2, and the sync
signal resets the counters with a logic-high pulse—logic low at the counters. Select the desired output
frequency by adding a jumper to one of the counter’s eight output lines, which provides an enable signal for
the two 3-state output buffers. The square-wave output at IC1, pin 11, is attenuated by R1, R2, and R3 te
fix the output resistance at approximately 49 . Resistor R3 is the only critical component; for clean gat-
ing, isolate it from the rest of the circuit.
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. TONE BURST GENERATOR FOR EUROPEAN REPEATERS

—o o3 SK3733 4
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: p!
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HAM RADIO Fig. 12-2

Most European repeaters must be brought up with a 1750-Hz tone. The SK3733 (also known as an
ECG1197) IC contains a crystal oscillator and is divided by —256, 1024, 2048, and 4096. A 7168-kHz
crystal is used; the divide-by-4096 output produces a 1750-Hz signal.
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Capacitance Meters

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

31/2-Digit A/D Capacitance Meter
Capacitance Meter
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31/2-DIGIT A/D CAPACITANCE METER
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The circuit charges and discharges a capacitor at a crystal-controlled rate, and stores on a sample-and-
difference amplifier the change in voltage achieved. The-current that flows during the discharge cycle is
averaged, and ratiometrically measured in the a/d using the voltage change as a reference. Range switch-
ing is done by changing the cycle rate and current metering resistor. The cycle rate is synchronized with
the conversion rate of the a/d by using the externally divided internal oscillator and the internally divided
back plane signals. For convenience in timing, the switching cycle takes 5 counter states, although only
four switch configurations are used. Capacitances up to 200 uF can be measured, and the resolution on the

lowest range is down to 0.1 pF.

The zero integrator time can be set initially at 1/3 to /2, the minimum auto-zero time, but if an opti-
mum adjustment is required, look at the comparator output with a scope under worst-case overload condi-
tions. The output of the delay timer should stay low until after the comparator has come off the rail, and is
in the linear region (usually fairly noisy).
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- CAPACITANCE METER
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Ulais an oscillator and U1b the measurement part of the circuit. It converts unknown capacity into a
pulse-width modulated signal the same way an automotive dwell meter warks. The meter is linear so the
fraction or percentage of time that the output is high is directly proportional to the unknown capacitance
(CX in the schematic). Meter M1 reads the average voltage of those pulses since its mechanical frequency
response is low compared to the oscillator frequency of Ula.
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Carrier-Current Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782 .The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Carrier-Current Audio Transmitter
Carrier-Current FM Receiver
Carrier-Current AM Receiver
Power-Line Modem
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+ CARRIER-CURRENT AUDIO TRANSMITTER
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Reprintad with parmission from Radio-Electronics Magazine, January 1969. Copyright Gernsback Publications, Inc., 1989. Fig. 14-1

The decision to use either AM, narrowband FM (less than 15 kHz), or wideband FM (greater than 30
kHz) depends on the application. For the transmission of music, FM is better because it has greater noise
immunity. For speech or.other noncritical applications, AM may be satisfactory. Qur transmitter permits
either mode by switch selecticn.

Audio is fed from Sia to either the FM or AM circuitry. Starting with the FM section, amplifier Q1
accepts an audio signal in the 10 Hz to 20 kHz range of about 0.5 V peak-to-peak. The audio gain is
adjusted via R5 to provide up to 60 kHz deviation of voltage-controlled oscillator IC1 which is set to nomi-
nally 280 kHz. IC1 and Q1 are supplied with a regulated 12 V from IC2. A square-wave signal from IC1 pin
3 drives Q2, and Q2 drives the output amplifier Q3. A coupling network is used to match the nominal 45-
output impedance of Q3 to the 10-{2 ac line impedance.

In the AM mode, audio is coupled to Q8 via R24 and then amplified again by transistors Q4 to Q7. The
normally stable dc voltage at test point A is thereby varied at an audio rate. Because Q2 and Q3 obtain
their dc V¢ from test point A, the VCO carrier input to Q2 is amplitude modulated by the varying Fec
amplitude. That-produces an amplitude-modulated output from the transmitter. Careful setting of carrier
level R23 and audio level R24 provides up to 100% modulation. The kit is available from North Country
Radio, P.O. Box 53, Wykagyl Station, NY 10804.

79



CARRIER-CURRENT FM RECEIVER
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Reprinted with permission from Radio-Electronics Magazine, February 1989. Copyright Gernsback Publications, Inc., 1989.

Input signals from the power line are coupled through C23 and R19 to the input filter network, C23
must be rated at 600 volts. Switch 52 is used as an attenuator. Components C2 through C7, L1 through
.3, R1, and R20 form a triple-tuned bandpass filter having a passband from 220 - 340 kHz. Signals from
the filter are fed to an MC1350P gain block IC, which is used as a tuned rf amplifier.

IC2, the LM565 PLL, is used as an FM demodulator. Pins 8 and 9 are connected to an internal VCO
and components R9, R10, and C15 set the VC(Q’s free running frequency. The VCO signal and the input
signal from pin 2 are compared in the phase detector, The output from the phase detector is internally

-amplified, and then appears at pin 7. The output at pin 7 is a replica of the original modulation on the FM
input signal to the receiver; the output at pin 7 is therefore the recovered audio. C17 and R14 couple audio
to the base of Q2, which, in conjunction with R15, R16, R17, and C18, form an audio amplifier that brings
the recovered audio up to around 1 V peak-to-peak. The signal is then fed into an LM386N audio amplifier,
which can deliver up to 1/2 W of audio, coupled via C20, to any standard 8- external speaker. The kit is
available from North Country Radio, P.O. Box 53, Wykagyl Station, NY 10804,
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CARRIER-CURRENT AM RECEIVER
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Reprinted with permission from Radio-Electronics Magazine, February 1989: Copyright Gernshack Publications, Inc., 1989. Fig. 14-3

The AM Tuned Radio Frequency (TRF) receiver,-has a sensitivity of about 1 mV at the input for an
audio output of 1/2 W. Capacitor C22 couples audio signals from the power line to the. PC board—it must be
rated at 600 Vdc. R8 will cause F1 to blow, if C22 shorts. The signal from C22 goes to a tuned network
(C1 through €5, L1, and L2) that has a 20-kHz bandwidth, which allows only the desired signal to pass
through.

IC1 is a gain block i-f chip that has AGC capability and approximately 60 dB of gain. Components C8,
€9, and L3, which are placed across the output of IC1, are broadly resonant around 280 kHz. C10 couples
tf to detector-diode D1, which is used as an envelope detector.

The detector output is taken from C14, which sets the upper frequency limit at about 10 kHz or so.
By reducing the value of C14, high frequency response can be obtained. The detector output is connected
to an external jack. Audio components are fed to audio-gain control R6, through C16 to IC2, an audio
amplifier. C18 couples up to 1/2 watt of audio to an external speaker. The kit is available from North Coun-
try Radio, P.O. Box. 53, Wykagyl Station, NY 10804,
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. POWER-LINE MODEM
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In the 100-kHz application from left to right, the coupling network feeds into the receiver section on
the hottom of the chip. {The external components are summarized later.) The receive data output is pulled
up via Rpyrp = 10 K. A minimum current of 10 mA sets the voltage drop across RpypL. Another voltage
supply, VLocic, is shown if the user wants to have the output sent at TTL levels. Across the top is the
transmitter section; going from right to left, the oscillator network, the class AB output stage (note feed-
back resistor Rppppeack) and the drive section, The LC values on the oscillator network should match
those on the bandpass filter in the receiver. The drive stage feeds into the coupling network and back into
the receive section. This enables the on-chip collision detection with listen-while-talking capability. This
effect can be cancelled, although the transmitter will still be connected to the receiver.
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Clock Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section,

Digital Clock with Alarm
Oscillator/Clock Generator
Single Op Amp Clock
Wide-Frequency TTL Clock
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DIGITAL CLOCK WITH ALARM
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OSCILLATOR/CLOCK GENERATCR
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”9"% 0 Ra | This self-starting fixed-frequency oscillator cir-
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15 \F~ s Cuit gives excellent frequency stability. R1 and C1
=TI

180K comprise the frequency-determining network,

while R2 provides the regenerative feedback.
Dicde D1 enhances the stability by compensating
for the difference between Vgom and VFigppry. In
applications where a precision clock generator up to
100 KHz is required, such as in automatic test
= 1 equipment, C1 might be replaced by a crystal.

150K

C
HARRIS ; Fig. 15-2

SINGLE OP AMP CLOCK

R
VWV Capacitor C1 is charged through timing resistor

270K R1 when the clock output is high. When C1 reaches

h the upper threshold wvoltage, the output signal
c, b decreases, and then C1 discharges through R1 until
= 2uF + its voltage reaches the lower threshold point. When

this happens, the output increases again and the
cycle repeats itself. Using the parts values shown
A ouT results in a frequency of 1 Hz. The output fre-
Rz Rs quency can be adjusted by trimming the value of R1

270K 680K slightly.
TAB BOOKS Fig. 15-3

WIDE-FREQUENCY TTL CLOCK

+5v +5V + 5V
L)

2
&g T

1

Fig. 15-4

This free-running TTL square-wave oscillator has a variable frequency output over a 20:1 range or
better through use of four of the six inverters in an SN7404 chip and the additional components shown.
Frequency of oscillation is determined by the capacitor and the settings of potentiometers R2 and R4; the
first pot controls width T1 and the second controls width T2 of the square-wave output. These adjust-
ments are not completely independent.
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Comparators

’].‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Window Comparator Dual Limit Microvolt Comparator
Microvolt Comparator with Hysteresis Window Comparator
Comparatoz/Latch Four-Channel Comparator

Frequency-Detecting Comparator
Precision Comparator with Balanced Qutputs
and Variable Offset



WINDOW COMPARATOR

5V Voo A _ X LED

TLC372

\

180 ©

2N2222

Window Comparator with LED Indicator
+6V Voo

|—/ ]
L ———J

Reprinted by permission of Texas Instruments. Basic Window Comparator Fig. 16-1

A window detector is a specialized comparator circuit designed to detect the presence of a voltage
between two prescribed limits; that is, within a voltage window. This circuit is implemented by logically
combining the cutputs of two single-ended comparators by the IN914 diodes. When the input voltage is
between the upper limit, Vy;, and the lower limit, ¥,, the output voltage is zero; otherwise it equals a
logic high level. The output of this circuit can be used to drive a logic gate, LED driver, or relay driver
cireuit, The circuit shown in Fig. 16-1 shows a 2N2222 npn transistor being driven by the window compar-
ator. When the input voltage to the window comparator is outside the range set by the 14, and V¥, inputs,
the output changes to positive, which turns on the transistor and lights the LED indicator.

87



MICROVOLT COMPARATOR WITH HYSTERESIS

‘: 15k
1%

e QUTPUT

+15V
10M ;365(1
5% > 1%

Fig. 16-2

Positive feedback to one of the nulling termi-
nals creates approximately 5 uV of hysteresis. The
output can sink 16 mA; the input offset voltage is
typically changed less than 5 uV because of the
feedback.
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The primary advantage of this circuit, when
compared to other comparators, is its ability to
latch after the input has reached a predetermined
threshold level. When the input exceeds the
threshold level, the LM311N output increases.
This transition enables the strobe input, preventing
the output from falling low. A high-level voltage on
the reset mput will turn off Q1, thereby removing
the supply voltage from the open collector output of
the LM311N. With noe supply to the strobe input,
the latch condition is removed and the output is
again allowed to follow the input excursions. The

‘LM311N will operate with a wide variety of supply

voltage levels, ranging from dual +15 V to a single
5V level that provides compatibility with digital IC
logic. If more than one latch is used with a common
reset, all the pull-up resistors may be connected to
Q1’s collector.
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FREQUENCY-DETECTING COMPARATOR (CONT.)

«'A quad comparator forms the basis of a frequency detector that is faster and less expensive than more
complex versions designed around frequency-to-voltage converter chips. Positive feedback through a 5-
MQ resistor allows the circuit to resolve changes as small as two percent; the output responds to those
changes in about one cycle. When the input frequency is high, ¥; is pulled low; it’s never allowed to exceed
2/3 V. When the input frequency is lower than the limit, 5 exceeds 2/3 V once each cycle, but V5 is held
below that limit. The trip frequency is defined by F = 1/(1.1R,C;). R2 can be adjusted to permit trimming
of the trip point, but the value of R3 must remain larger than R2.

PRECISION COMPARATOR WITH BALANCED INPUTS AND VARIABLE OFFSET
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When the upper or lower limit is exceeded, the
LED lights up. Positive feedback to one of the null-
ing terminals creates 5 to 20 4V of hysteresis on
both amplifiers. This feedback changes to offset
voltage of the LT1002 by less than 5 pV. Therefore,
208 S the basic accuracy of the comparator is limited only
o {4GA3TIB by the low offset voltage of the LT1002.
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WINDOW COMPARATOR
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This window comparator generates an output pulse for each event that occurs within a specified win-
dow. That is, each output pulse signifies an input voltage pulse or level change that exceeds Vypprow, but
not Veeruigy- The monostable multivibrators, IC2ZA and IC2B, produce a 10-ps pulse at their © output in
response to a rising edge at their A input. Comparator IC1B produces a rising edge when the inpit
exceeds VigprLow, and comparator IC2A produces a rising edge when the input exceeds Vippuicn. The
NOR gates, IC3A and IC3B, form a bistable latch whose @ output, when low, disables IC4. IC4, unless
disabled, produces output pulses in response to falling edges at the IC1B comparator output. You set the
width of these pulses by selecting the value of C3. The circuit can handle an input waveform containing 0 to
2 V amplitudes and 10-Hz to 10-kHz frequency components.

FOUR-CHANNEL COMPARATOR

R4 .
] O{j?_ 0ECODE WGITAL
{O—[ ' cosimo | o, J_émmnu SELECT e

ol {c—{ﬁ I‘—“:i—}_om.[

Com = I I T

H { ﬁjb_‘ ve ]—0 5w

- ST }—o ouTrUT 170
HARRIS nanm - wfl—o-w ~  Fig. 16-8

When operated as an open loop without compensation, the HA-2400 becomes a comparator with four
selectable input channels. The clamping network at the compensation pin limits the output voltage to allow
DTL.or TTL digital circuits to be driven with a fanout of up to ten loads.

The circuit can'be used to compare several signals against each other or against fixed references; or a
single signal can be compared against several references. A window comparator, which assures that a sig-
nal is within a voltage range, can be formed by monitoring the output polarity, while rapidly switching
between two channels with different reference inputs and the same signal input.
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17

Compressor/Expander Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Low-Voltage Compander

Hi-Fi Compressor with Pre-Emphasis
Variable Slope Compressor/Expander
Hi-Fi Expander with De-Emphasis



. LOW-VOLTAGE COMPANDER
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For additional information, ¢all the factory.
SIGNETICS Fig. 17-1

The NE575 is a dual-gain control circuit designed for low voltage applications. The NE575’s channel 1
is an expander, while channel 2 can be configured either for expander, compressor, or automatic level con-
troller (ALC) applications.
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COMPRESSOR co

+1uFC9
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Fig. 17-2

The compressor contains a high-frequency, pre-emphasis circuit (C2, R5, and C8, R14), which helps
solve this problem. Matching de-emphasis on the expander is required. More complex designs could make

the pre-emphasis variable.
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VARIABLE SLOPE COMPRESSOR/EXPANDER
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Fig. 17-3

Compression and expansion ratios other than 2:1 can be achieved by the circuit shown. Rotation of the
dual potentiometer causes the circuit hook-up to change from a basic compressor to a basic expander. In
the center of rotation, the circuit is 1:1, has neither compression nor expansion. The (input) output trans-
fer characteristic is thus continuously variable from 2:1 compression. to 1:2 expansion. If a fixed com-
pression or expansion ratio is desired, proper selection of fixed resistors can be used instead of the
potentiometer. The optional threshold resistor will make the compression or expansion ratio deviate
towards 1:1 at low levels. A wide variety of (input) output characteristics can be created -with this circuit.

94



+ HI-FI EXPANDER WITH DE-EMPHASIS
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SIGNETICS Fig. 17-4

The expander to complement the compressor is shown. An external op amp is used for high slew
rate. Both the compressor and expander have unity gain levels of 0 dB. Trim networks are shown for dis-
tortion (THD) and dc shift. The distortion trim should be done first, with an input of 0 dB at 10 kHz. The
dc shift should be adjusted for minimum envelope bounce with tone bursts. When applied to consumer
tape recorders, the subjective performance of this system is excellent.
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18

Computer Circuits

’I‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Automatic RS-232 Dataselector RS-232C LED Circuit

Interface to 680X, 650X, and 8080 Families  Spare Flip-Flop Inverter

RGB Blue Box Coprocessor Sacket Debugger

5V-Powered EEPROM Pulse Generator 20-MHz-to-NuBus Clock Phase Lock

One-of-Eight Channel Transmission System  XOR Gate Up/Down Converter

Microprocessor-Controlled Analog Signal Eight-Digit Microprocessor Display
Attenuator Logic Line Monitor

Multiple Input Detector Long Delay Line for Logic Signals

RS-232-t0-CMOS Line Receiver
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AUTOMATIC RS-232 DATASELECTOR
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ELECTRONIC ENGINEERING Flg. 18-1

With this dataselector, only one RS-232 port is used to connect two RS-232 devices (i.e., printer,
plotter, etc.) with a mini- or microcomputer. The operation is very simple. Power on will reset FFI (Qrrr
= Low), which enables gates N1, N5, and N7. Now communication between computer and device B is
possible. Detection of the switch command, i.e., Control B character = CHR$(2), selectable with wire-
-wrap pins, on the parallel outputs of the UART (IM 6402 or equivalent} will set: Qs = High. Gates N2,
N5, and N7 are open, so device A is connected with the computer until Control B character is detected
again.

Transistor Q1 converts RS-232 levels to TTL levels while two LEDs indicate whether device A or B is
linked. The baud-rate generator provides the 16 x clock needed for the UART. Any baud rate ranging from
50 to 19200 can be selected. Manual control of the selector is available with toggleswitch S1.
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SILICONIX

Circuits to interface the Si7135 directly with two popular microprocessors are shown in Figs. 18-22
and b. The 8080/8048 and the MC6800 families with 8-hit words need to have polarity, overrange, and
underrange multiplexed onto the digit 5 word. In each case, the microprocessor can instruct the ADC
when to begin a measurement and when to hold this measurement. The Si7135 is designed to work from
+5 V supplies. However, if a negative supply is not available, it can be generated using 2 capacitors, and

5 o5y

To VouT=-5V

+

an inexpensive Si7660 or Si7661 IC, as shown in Fig. 18-2c.
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RGB BLUE BOX
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HANDS-ON-ELECTRONICS/POPULAR ELECTRONICS

The RGB blue box turns your PC’s RGB-moni-
tor screen blue at the flip of a switch. That is, it
makes your computer display bright white text on a
blue background, instead of the usual low-intensity
white on black. The RGB blue box connects
between your IBM PC color graphics adapter, or
equivalent, and your RGB color monitor. By flipping
a switch, you choose between two modes. One
mode passes the signal from the PC to the monitor
unaltered; the other transforms it to make text
more readable. The monitor has four TTL-level
inputs—red, green, blue, and intensity—and it
interprets disconnected wires as on. That’s why
the screen turns white if you disconnect the moni-
tor from the computer, and blue if you disconnect
only the blue line. Instead of just discarding the blue
signal, the blue box reroutes it to the intensity
input. As a result, most of the text colors come out
intensified.
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Fig. 18-4
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MICROPROCESSOR-CONTROLLED ANALOG SIGNAL ATTENUATOR
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SILICONIX Fig. 18-6
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1. 1Cy-ICs ARE 4-BIT
BINARY ADDERS.

2. FA=FULL ADDER

Fig. 18-7

This circuit determines whether more than one
input in a group of digital inputs is active. It pro-
vides a digital measure of the number of active
inputs, and it allows you to establish a threshold for
majority-decision applications. That is, whether the
number of active inputs is more than, less than, or
equal to a value between 1 and 15. You can monitor
more inputs by cascading the adders.

Each binary adder, IC1 and IC2, forms two full
adders (FAs). Each FA monitors three input lines
and generates a 2-bit output representing the num-
ber of inputs active. IC3 and IC4, by summing the
outputs of two FAs plus an input line, individually
measure how many in a group of seven inputs are
active. Similarly, by monitoring the 3-bit outputs of
IC3 and IC4 plus one input, IC5 measures how
many in the group of 15 are active. The OR gate,
IC6, simply indicates whether more than one input
is active,

HARRIS

IN 4001's

RS-232-TO-CMOS LINE RECEIVER

This RS-232 type line-receiver to drive CMOS
logic uses a Schmitt-trigger feedback network to

give about 1-V input hysteresis for added noise

immunity. A possible problem in an interface which
connects two pieces of equipment, each plugged
into a different ac receptacle, is that the power line

voltage might appear at the receiver input when the

interface connection is made or broken. The two
diodes and a 3-W input resistor will protect the
inputs under these conditions.
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I RS-232C LED CIRCUIT
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LED USED. MAY NOT
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i
*pl—o
L 1q—
W

b} MAX 231

BIIGER

MAX 231

+—VALUE DEPENDS UPON

Use a pair of Maxim's 5bV-powered MAX231
RS-232C transmitters as drivers to obtain a 2-color
LED. The transmitters require only a single-
ended, 5-V input to generate +10 V internally.
Their outputs are short-circuit-proof and ean supply
as much as 10 mA—enough to drive most LEDs.
Depending on which LED you select, their current-
limiting feature might also eliminate the need for
external series resistors. Using the simple circuits,
you can implement a variety of functions.

SPARE FLIP-FLOP INVERTER

) epN Fig. 18-9
Vee
A D 8
{INPUT) A
3] 12 74HC74 OF—0 (ouTPUT)
CLK
Pal
c
T RC>7.2 nSEC
EDN Fig. 18-10

The circuit uses one-half of a dual D flip-flop as
an inverter, When the input decreases, the flip-flop
resets, and its @ output increases. When the input
increases, the reset line is released and Q gets
clocked low. The rc delay between applying the
input signal to the flip-flop’s reset input and its
clock input enables clocking the flipflop on the
input's positive edge. A 74HC74 dual D flip-flop,
for example, requires a minimum recovery time of 5
ns after releasing the reset input before strobing its
clock input. Therefore, speccing rc at greater than
7.5 ns provides adequate margin. The slight slow-
ing of the clock edge presents no problem, hecause
the clock input’s maximum allowable rise time is a
much longer 500 ns. To prevent skewing of the out-
pt's symmetry, limit the maximum input fre-
quency to less than 10 MHz.
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i COPROCESSOR SOCKET DEBUGGER
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The IBM PC debugger plugs into the PC’s math-coprocessor socket. The 8288 bus controller, IC1,
regenerates control signals from the processor’s status signals, S0, S1, and S2. Reset LED D1 lights if
reset is active and holding the processor. Clock status LED D3 indicates that the processor is receiving a
toggling clock signal. The address-decode logic detects when the processor is doing a jump-on-reset to
the PC’s BIOS ROM’s power-on; seli-test then detects a fatal error and halts the processor.
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20-MHz-TO-NUBUS CLOCK PHASE LOCK
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Fig. 18-12 ELECTRONIC DESIGN

The 20-MHz clock phase-locks to Apple’s Mac II 10-MHz NuBus clock. It uses a simple, inexpensive
CMOS circuitry to generate 10- and 20-MHz square waves. The output duty cycle settings are insensitive
to Ve variations. The input to the circuit is a NuBus clock signal with specifications that call for a 75 per-
cent duty cycle at 10 MHz—a square wave that’s high for 75 ns and low for the remaining 25 ns. To gener-
ate the 20-MHz signal, the circuit produces a 25-ns negative-going pulse, delayed 50 ns from the falling
edge of the 10-MHz NuBus clock input at point E. NORing that pulse with the NuBus clock produces the
20-MHz clock at point G. Finally, applying the 25-ns pulse to the set input of a set-reset input, resultsina
10-MHz square wave at F.

DN/UP

XOR GATE UP/DOWN COUNTER

BIN QA

7493
Qe

= D
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CLOCK
A

R{1) Qc

RESET

A.2)
Qo

EDN

Fig. 18-13

One can transform an erdinary binary counter,
such as a 7493, into an up/dewn counter with mode
control by adding XOR gates 7486 to the counter’s
outputs. The circuit counts up when the DN/UP
line is low and down when the DN/UP line is high.

To use the 7493 counter to count out its maxi-
mum count length of 0—15, connect the 0, output
to the By input and apply clock pulses to the Ay
input. The reset input, when high, inhibits the
count inputs and simultaneously returns the out-
puts A, through D, to low in the up-count mode or
15 in the down-count mode. For normal counting,
the reset input must be low. One can easily cascade
this counter by feeding the Qp line to the clock
input of a succeeding counter.
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EIGHT-DIGIT MICROPROCESSOR DISPLAY
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Fig. 18-14

Display interface uses the ICM7218A/B with an 8048 family microcontroller, The 8-bit data bus (DB0/
DB7-ID0/ID7) transfers control and data information to the 7218 display interface on successive WRITE
pulses. The mode input pins on the microcontroller. When mode is high, a control word is transferred;
when mode is low, data is transferred. Sequential locations in the 8-byte static memory are automatically
loaded on each successive WRITE pulse. After eight WRITE pulses have occurred, further pulses are
ignored until a new control word is transferred.
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LONG DELAY LINE FOR LOGIC SIGNALS

Input ' Output
[ed Din Dout Lpd
RAM
RW 2"

Ao An |
i
v
Qo an
Clock
——»C Binary
counter
Fig. 18-15 ELECTRONIC ENGINEERING

An extremely long delay of logic signal can be accomplished with this circuit. The logic signals to be
delayed are applied to'the Dpy of RAM. Address lines Ao, A1, . . . An are connected to outputs Qo, 1,
. .. On of a binary counter. Clock input of counter and R/W input of RAM are joined together. However, it
is sometimes necessary to put an inverter between those inputs, depending on the RAM and counter
employed in line, In the first half of clock interval, content on outputs of counter is increased for 1 and
content of chosen memory cell is read; in the second half of the clock interval, new content from Dyy in the
same memory cell is written. When full cycles of counting reaches the same memory cell, again we can
read, in the first half of the clock interval of the following counting cycles, the chosen content. Delay time
is:

Td =21 « 1

If clock frequency is not a multiple of input signal frequency, distortion of input signal is proportioned to the
clock period. But if the clock frequency is a multiple of input signal frequency, there is no distortion. If we
use RAM organized according to 2"+! x 4 with separated data inputs and data outputs, we can have four
_parallel long delay lines. The resistor, capacitor, and buffer on Doy of RAM are used to save output signal
in writing time, when output of RAM becomes high impedance.
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Fig. 18-16

This ¢ircuit requires only one CMQS IC, which
is available in a 14-pin surface-mount package. The
figure shows the logic lines going to a standard 9-hit
parity comparator chip. This-device is convention-
ally used in data transmission and recording applica-
tions to provide a means of error-detection by
comparing the received eight- or nine-bit words
with their corresponding parity bits. If the sum of
the one’s in a received word is odd but the odd-par-
ity bit is low, then that word is known to be in error
and requires retransmission.

When one of the logic lines decreases, the out-
put of the parity comparator decreases, generating
a wake-up interrupt to the microprocessor. The
ninth line comes from a port on the microprocessor
and is toggled to reset the output signal high again,
ready for the next logic change.
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Converters

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

10 Hz-t0-10 kHz V/F Converter
Low-Frequency Converter
Positive-to-Negative Converter
Buck/Boost Converter

4 -18 MHz Converter

Shortwave Converter

Isolated +15 V Dc-De Converter
Voltage Ratio-to-Frequency Converter
50-MHz Thermal Rms-to-Dc Converter

Pulse Width-to-Voltage Converter

Step Up/Down De-De Converter
Square-to-Sine Wave Converter

Pulse Height-to-Width Converter

PIN Photodiode-to-Frequency Converter
Zero Iy Error V/1 Converter

Regulated Dc-Dc Converter

Pulse Train-to-Sinusoid Converter
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. 10 Hz-TO-10kHz V/F CONVERTER
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QuTPuT | :]__

COMMON -

fa I Fe— 3us TYP
—_—

1572 "
C
—VREF C—RE-E
. INT
AMP —ov
ouT
Notes:

1. To adjust fmin, set ViN = 10 mV and adjust the 50 k offset for 10 Hz out.

2. To adjust tmax, 56t Vin = 10 V and adjust Ry or Vaer for 10 kHz out.

3. To increase fout MAX to 100 kHz changa CREF to 27 pF and Ciut 10 75 pF.

4. For high performance applications use high stability components for Rin,
Crer. VRer {metal film resistars and gfass film capacitors). Alsa saparate
the output ground (Pin ) from the input ground (Pin ).

Capyright Teledyne Industries, Inc., 985, Fig. 19-1
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LOW-FREQUENCY CONVERTER (Cont.)

¥

Among the signals below 550 kHz are maritime mobile, distress, radio beacons, aircraft weather,
European Longwave-AM broadcast, and point-to-point communications. The low-frequency converter
converts the 10 to 500 kHz LW range to a 1010 to 1550 kHz MW range, by adding 1000 kHz to all received
signals. Radio calibration is unnecessary because signals are received at the AM-radio’s dial setting, plus 1
MHz; a 100-kHz signal is received at 1100 kHz, a 335-kHz signal at 1335 kHz, etc. The low-frequency
signals are fed to IC1, a doubly-halanced mixer.

Transistor Q2 and associated circuitry form a Hartley 1000-kHz local oscillator, which is coupled from
Q2's drain, through C8, to IC1 pin 8. Signals in the 10 — 550 kHz range are converted to 1010 - 1550 kHz.
The mixer heterodynes the incoming low-frequency signal and local-oscillator signal. Transistor Q3
reduces IC1's high-output impedance to about 100 {} to match most recetver inputs. Capacitor C15 cou-
ples the 1010 - 1550 kHz frequencies from Q3’s emitter to output jack J3, while blocking any dc bias.

Inductor L6 couples the dc voltage that's carried in the f signal cable from the revr/dc adaptor. The de
voltage and 1f signals don’t interfere with one another; that saves running a separate power-supply wire,
which simplifies installation at a remote location. Capacitors C14 and C13 provide dc supply filtering. The
kit is available from North Country Radio, P.O. Box 53, Wykagyl Station, NY 10804.

POSITIVE-TO-NEGATIVE CONVERTER

Ve  2kHz CLOCK
?RA = 1K? 12 L ]= 501 ;)rHI\TASI
100uF 1N916 R
”_‘I [ jt— vt o —Vour E 10
r_
4 8 3 > 9
— O3
SIGNETICS| &Rg > 4
555 £ a3k 10K o 7
E— % J/
1.5 2 1 1N916 » O 7
. w 5 A
| > Y
& 0.01uF 3 100uF <! 4
T ULl I\ - ' F OM 8 3 //
L 0.01uF Z 2 -
= V.
NOTE: _ 1 7
Al resistor values are in ohms 12 34567 89101112131415
(a) POSITIVE-TO-NEGATIVE CONVERTER {b) POSITIVE SUPPLY
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POSITIVE-TO-NEGATIVE CONVERTER (Cont.)

POSITIVIE SUPPLY1= 10V
po—
7 "
6 [ The transformerless de-dc converter derives a
) negative supply voltage from a positive. As a bonus,
5 / the circuit also generates a clock signal. The nega-
4 tive output voltage tracks the dc-input voltage lin-
/ earity (a), but its magnitude is about 3 V lower.
3 Application of a 500-Q load, (b), causes 10%
s change from the no-load value.
1
10 100 1000 10K 100K
{c) LOAD RESISTANCE
SIGNETICS Fig. 19-3
BUCK/BOOST CONVERTER

Vi, 8 TO 16V O
22pF
1
]
5 <
$iaM Vour Ly
4
1
L6
' 1N5B17
:E_ 200K MAX841
N, 2
(OWBATT O—— LBO EXT
GHD Ves IRF513 ¥a 15817
3 7
110K ™ 12V, 100 mA
AAA A o

X
L4

r SUL
SHUTDOWN
w4069

MAXIM

1000 pF

R
"I" 470 WF

*GOWANDA ELECTRONICS #2B103

Fig. 19-4

This converter can accommodate wide input-
voltage swings, such as the 8 to 15-V swing typical
of a 12-V sealed lead/acid battery. The low battery
output indicates when input voltage drops below & -
V. Pulling shutdown tumns off the circuit.
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4 -18 MHz CONVERTER

"2

EEL] 180x

WV

100

RFCI 2

RFCZ

/1

[

.
5

S47k

12VDC

>

C

AL

HAM RADIO

Fig. 19-5

The unit consists of rf amplifier Q1, local oscillator Q2, and mixer Q3. The two bands are covered
without a bandswitch by using an i-f or 3.5 MHz. The oscillator range is 7.5 to 14.5 MHz. Incoming signals
from 4 to 11 MHz are mixed with the oscillator to produce the 3.5-MHz i-f. Signals from 11 to 18 MHz are
mixed with the oscillator to also produce an i-f of 3.5 MHz. At any one oscillator frequency, the two incom-
ing signals are 7 MHz apart. Rf amplifier input C1/L1 comprises a high-Q, lightly loaded, tuned circuit; this
is essential for good band separation.

SHORTWAVE CONVERTER
J2 Si Y AMA zv
€3 XTALT - MR
' 220pF &~ | G2 =2 1K
= | 32pF
N
7 |8 i€ 8
A U1 D1
R MESD2 2!!'4091
K T FREQUENCY CONVERTER «
3 — (4
T w4

POPULAR ELECTRONICS
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SHORTWAVE CONVERTER (Cont.)

+

The NE602, Ul, contains oscillator and mixer stages. The mixer combines the oscillator signal with
the input 1f signal to produce signals whose frequencies are the sum and difference of the input frequen-
cies. For example, a 7.5-MHz signal is picked up by the antenna and mixes with the 8.5-MHz oscillator

frequency. The difference between those two signals is 1 MHz—right in the center of your AM dial. Trans-
former T1 is a 10.7-MHz i-f transformer.

ISOLATED +15V DC-DC CONVERTER

12v

1Nd148
Vour |2 : 4w 15V
l.: 22 50ma
uF .
I = D1F
MAXE41 = 100,F
ext B
GND Vrgs  COMP
a I3 B
-
| |
= ! |
t I
L4 __ 44 44 2k
c R
10k
TLA3 10k
MAXIM Fig. 19-7

In this circuit, a TL431 shunt-regulator is used to sense the output voltage. The TL431 drives the
LED of a 4N28 optocoupler which provides feedback to the MAX641 while maintaining isolation between
the input, +12 V, and the output, + 15 V. In this circuit, the +15 V output is fully regulated with respect
to hoth line and load changes.
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. VOLTAGE RATIO-TO-FREQUENCY CONVERTER

15v
»

ICuA v
NOTES:
12.5v S 1.1Cy ="LM339
1Cm 2. Q4, Qe = BC172
] ‘ 3. Dy, D2 = 1N4148
[ 1 .SEC | pry
ICre
L]
—-15v
12.5V r—
Cyp
-12.5v
5V
Fo —_
EDN Fig. 19-8

The circuit accepts two positive-voltage inputs ¥y and ¥p and provides a TTL-compatible output pulse
train whose repetition rate is proportional to the ratio ¥/ V. Full-scale output frequency is about 100 Hz,
and linearity error is below 0.5 percent. The output_F, equals KV /Vp, where K = 1/(4R,C;) provided R,
= R;. Op amp IC1A alternately integrates Fy/2 and — V2, producing a sawtooth output that ramps
between the Vj level and ground. When transistor Q1 is on, for example, IC1A integrates — ¥,/2 until its
output equals Vp. At that time, the I[C1B comparator switches low, causing IC1D)’s bistable output to go
low, which turns off Q1. IC1A’s output then ramps in the negative direction. When the output reaches 0 V,
the IC1C comparator switches, Q1 turns on, and the cycle repeats. Transistor Q2 converts the IC1D out-

_put to TTL-compatible output logic levels. Setting V5 to 1.00 V yields a linear voltage-to-frequency con-
verter (F, = KV,), and setting Vy to 1.00 V yields a reciprocal voltage-to-frequency converter (F, =
KVp).
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50-MHz THERMAL RMS-TO-DC CONVERTER

3V 43V
< -~—- -
€ 30" & 30k
b2 b Uy irgross CALIBRA™ DN ADJUST
20K
1 A -
7~ i DG QUTPUT
2 100k* Ov-3.5%
‘b
<
>
. g 10x
<
j. 010° 10k
s
..L = 210k
300my
10Vrms JL.
14PUT =
N(
3
2 12
U
hs GRN
= 2% ACCURACY-DC-S0MH2
100:1 CREST FACTOR CAPABILITY
195 RESISTOR T1-T2 = YELLOW SPRINGS INST. CO. THERMISTOR GOMPOSITE
ENCLOSE T1 AND T2 IN STYROFOAM
LINEAR TECHNOLOGY CORP. Fig. 19-9
PULSE WIDTH-TO-VOLTAGE CONVERTER
15¥
i
)|
LTi004 A1
1 1235V 1.28 DUTPUT TO
0.14F . s SYNCHRONIZED
2N3005 ATO D CONVERTOR®
2N2906 bz 03 9
3 N3gp4 200
DVM DUTPUT
[
0.A4F
1000pF [
[ poLvsTyRene —
e cz D4 = =
kP 1000pF
POLY- b5
STYRENE 03
2N3906
a3 5v
12k
1 —5v RS
= 1k
1
[
3.4
7aL12
“READ = 1us AFTER
_L? Erl ,_]11 10k 0 GOES LOW
= *FOR REPETITIVE PULSES
D2-05  1R§14 ra ONLY. INCREASE C5 FOR
1000pF f=10KkHz
LINEAR TECHNOLOGY CORP. Fig. 19-10
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. STEP UP/DOWN DC-DC CONVERTER

Vis = 8V TO 16V

| _+| 2.2F
5 L'x

MTPBPUS
Vout

MA X641
8|come
ExT}é
GND VrB

3 [ S ’L’I IN5817

A AR = Vour = 12W100mA
MOk M0 aTouF ouT

MAXIM - = Fig. 19-11

Positive output step-up and step-down dc-dc converters have a common limitation in that neither can
handle input voltages that are both greater than or less than the output. For example, when converting a
12-V sealed lead/acid hattery to a regulated +12 V output, the battery voltage might vary from a high of
15 V down to 10 V.

By using a MAX641 to drive separate P- and N-channel MOSFETs, both ends of the inductor are
switched to allow noninverting buck/boost operation. A second advantage of the circuit over most boost-
only designs is that the output goes to 0 V when shutdown is activated. Inefficiency is a drawback because
two MOSFETs and two diodes increase the losses in the charge and discharge path of the inductor. The
circuit delivers +12 V at 100 mA at 70 percent efficiency with an 8-V input.

SQUARE-TO-SINE WAVE CONVERTER

Voo TUNED 10 THIRD

HARMCNIC OF

FUNDAMENTAL
FREQUENCY

IRFDA12Y

DIGITAL CLOCK
INFUT

144 CO40H1B

116 16
CD4C43UR  CD4045U8

IRFD11G

| IRFDS120 + -0
14 CDAD11B L_Y_J

TUNED 10
IRFDI10 FUNDAMENTAL FREQUENCY

EDN Fig. 19-12

16 CD4CIgUB

Two pairs of MOSFETSs form a bridge that alternately switches current in opposite directions. Two
parallel-resonant LC circuits complete the converter. The L1/C1 combination is resonant at the fundamen-
tal frequency; the L2/C2 combination is resonant at the clock frequency’s third harmonic and acts as a
trap. T1 and C3 ensure that both halves of the MOSFET bridge are never on at the same time by providing
a common delay to the gate drive of each half. Select the values of R1 and C3 to yield a time constant that’s
less than 5% of the clock’s period. You can add an output amplifier for additional buffering and conditioning
of the circuit’s sine-wave output.
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PULSE HE!GHT-TO-WIDTH CONVERTER

v 5V B s
Q Q
A %
> R
100kL e n
10k x5
c M 1N4149 5; ?E;K 74:;&
4 3
1 | g, 3 THRESHOLD v e X ]
| it 10k % It o
0.1 pF cw_L 1
= . c ICag DO WF g, oUuTPUT
74HC14 74HC14
13N 3 94
7 =
Lo,
By T 0001 uF
1N4149
—ov
G2
2N3004 QAN
————0O v
Q ow
RE
5
CB —
0.001 uFT‘ NOTES:
1) ALL RESISTORS ¥ WATT 10%.
o, 3) INSTALL 0.1 4F DECOUPLING CAPAGITORS
Ry v ON ALL IC POWER PING
AAA ) 3) USE GROUND-PLANE CIRCLIT BOARD.
47k
LM236H-2.5
";
270k &
| OPTIONAL
H
R i
2 Q| 1
0.0k 2N3%06 __?V
EDN Fig. 19-13

The output-pulse width from the circuit is a linear function of the input pulse’s height. You can set the
circuit’s input threshold to discriminate against low-level pulses, while fixed components limit the circuit’s
maximun: output-pulse width.

With a 270-K( resistor connected from the —9 V supply to the base lead of Q2, this circuit can handle
input pulses separated by 20 us for correct operation, The turn-off time of zener diode D2 sets the lower
limit for the mput-pulse repetition rate.

IC1, D1, and C3 detect the peak of the input pulse. The comparator IC2, triggers at your preset
threshold. The RC delay network, R9 and C5, hold off inverter IC3’s changing state until the.completion of
peak detection. After IC3A changes state, Q1 turns on and then turns on Q2, a constant-current source.

Constant-current source Q1 then discharges C3, the peak-detecting capacitor. When C3 has dis-
charged below IC2’s threshold, IC2’s output decreases, as do pins € and 4 of IC3. The output-pulse width
is a function of this discharge time, which you can adjust with R6. C6 and R7 control the maximum ocutput-
pulse width, which is 8 us max.
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PIN PHOTODIODE-TO-FREQUENCY CONVERTER

apF
FULL-SCALE TRIN
+ 15V 4?pF'f
1.8k |
0—«' +15¢
i
&
>
IN2222 2F 3 ‘Sk‘= »
100K Il :b
AP, 1}
= - <. TTL OUTPUT
Lz — ey - Sk 20Hz — 2MHz
2 8
‘ \7 o H 2z g, o
ATk o o LT1014 AAA
LMa2g 3 4
= LIGHT 10M
INPUT 15
-15v
3.3M
10K
DARK
CURRENT
TRIM A, - 15v +15v
= —15v =
SCALE FACTOR = —- = 1N4148
1nW/Hz AT 900 NANOMETERS FROM 20nW TO 2miy TPOLYSTYRENE
‘* =HEWLETT PACKARD PHOTODIOUE HPS082-4204  “SELECT VALUE FOR 2mW IN = 2MH2 OUT.
LINEAR TECHNOLOGY CORP. Fig. 19-14
ZERO Iz ERROR V/1 CONVERTER
=12 Hz‘ Ra 1Ca I:ZI:‘_-?S mA
o0— _';B‘: b ';',5 H11AL -
C
Q; Da 3 — ZNVQ"?TWSA
2NZ2218A ][mu.qa b 4 N H[(AT SINK)
Ay
13v q c bR
= 1 LA Al
b E e 10 nF
wa I — Loan
. b [
ey
lp/2+ los
Vw5V G-12v A
Ve 30V —

r I

> 05w
S (oW TC)

resistor’s TC is also a potential source of error; it dissipates 125 mW when Fy
deviation is typically 50 nA or 0.0002% of full scale. This voltage-controlled current source uses optocou-
pler IC2 to eliminate an error found in-more conventional circuits and which is caused by the output tran-
sistor’s base current.

.|'—L|I

Fig. 19-15

Single programming resistor R;, provides an output-current range of about six decades. Note that this

5 V. The maximum
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PULSE TRAIN-TO-SINUSOID CONVERTER

Voo Voo
15? ICy 14? ICo
4040 Quf 4030 4
1 AAA
otz 11— 5 ey he
A 10k 2.2k
Q & ] VWt WYV —
WO N 2E 6 1 .
Q 8 —‘| 1 0 V‘Y‘Y‘
1 7 9 7 R!
Dt
12 YW——
[+ ] 11
RES 7 Ra
9 18 150k
n 7 Voo O VA
Rs

L
of
%]
]
=

]
ke
AA
"J

27k € 1000 pF

0

EDN Fig. 19-17

The circuit lets you convert a serial pulse stream or sinusoidal input to a sinusoidal output at /32 the
frequency. By varying the frequency of Wy, you can achieve an output range of 107:1—from about 100 kHz
to less than 0.01 Hz. The output resembles that of a 5-bit d/a converter operating on parallel digital data.

Counter IC1 generates binary codes that repeatedly scan the range from 00000 to 11111. The output
amplifier adds the corresponding XOR gate outputs, V5, or ground, weighted by the values of input resis-
tors R1 through R4. The 16 counter codes 00000 to 01111, for instance, pass unchanged to the XOR gate
cutputs, and cause Foyr to step through the half-sinusoidal cycle for maximum amplitude to minimum
amplitude.

Counter output Q4 becomes high for the next 16 codes, causing the XOR gates to invert the Q0
through Q3 outputs. As a result, Voyr steps through the remaining half cycle from minimum to maximum
amplitude. The counter then rolls over and initiates the next cycle. You can change the R1 through R4
values to obtain other Voyr waveforms. Vpp should be at least 12 V to assure maximum-frequency opera-
tion from IC1 to IC2.
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20

Counters

’Ble sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Low-Cost Frequency Counter Low-Power Wide-Range Programmable Counter
Up/Down Counter/Extreme Count 40-MHz Universal Counter

Freezer Frequency Counter Preamp
10-MHz Frequency Counter 1.2-GHz Frequency Counter
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[cELLa

UP/DOWN COUNTER/EXTREME COUNT FREEZER

FREEZE

=
3

51
1]

&y

- ICELL ™

Co G
—

CLOCK

QUPDN

DN/UP

CK DN/ <k [em [cx Tzt [onup CK
CLEAR
o .
STATE TABLE
rREEZE|UP/DR|cLOCK |CURRENT STATE [NEXT STATE
Qu_1.-.Qp | Qyq..-Qp
L H | 11...10 11,11
L H i 11...119 11...11
L C | i 00...01 00..00
L C | 00...00 00...00
EDN H X | X Qx Qx Fig. 20-2

The discrete-gate up/down-counter design has the unusual property of freezing, or saturating, when it

reaches its lowest count in the down-count mode or its highest count in the count-up mode instead of
rolling over and resetting as do most counters. This property proves especially useful in position-control
systems. For example, you wouldn’t want a robot’s arm to slowly move to full extension as the counter
counts up and then have it suddenly slam back to its rest position when the counter resets to zero.

You can cascade as many of the A cells as you need because the counter’s outputs are synchronous.
The B cell accepts the carry bit from the most significant bit’s A cell and provides the clock control that
stops the counter, Make sure that the freeze input-to the B cell doesn’t get asserted when the clock input
is low; otherwise, the counter might make an extra count.
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10-MHz FREQUENCY COUNTER

+5Y =
<40 l TEMP.,
> 10K JUMPER
(SEE TEXT)
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5 +V ———a &o
T B5Cour RAPID bl17,
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uz +5v+—DISP.EN.  D4pS00 G rante

72074 U 050

OSCILLATOR 7208 06j—0

CONTROLLER 10ECADE D7)l

COUNTER
._I IN
O RESET 78
v

HANDS-ON ELECTRONICS /POPULAR ELECTRONICS Fig. 20-3

The circuit consists of ICM7208 seven-decade counter Ul, ICM7207A oscillator controller U2, and
CA3130 biFET op amp U3. IC Ul counts input signals, decodes them to 7-segment format, and outputs
signals that are used to drive a 7-digit display. IC U2 provides the timing for U1, while U3 conditions the
input to Ul. The 5.24288-MHz crystal frequency is divided by U2 to produce a 1280-MHz multiplexing
signal at pin 12 of U2. That signal is input to U1 at pin 16 and used to scan the display digits in sequence.

LOW-POWER WIDE-RANGE PROGRAMMABLE COUNTER

INPUT

INPUT —-r—l
S
OUTPUT

-0
GUTPUT

1299999

EDN W Fig. 20-4
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LOW-POWER WIDE-RANGE PROGRAMMABLE COUNTER (Cont.)

v This CMOS circuit can be used as a 1-shot time delay switch and general-purpose timer. The circuit
consists of a gated oscillator and a latch made from one CD4001 quad 2-input NOR gate as shown and a
CD4020 14-stage counter. Toy is a function of the oscillator frequency from the RxCy and the proper 2%
output from the counter. A pulse applied to the latch will ‘‘enable” the oscillator and counter. The latch
output will remain high until the 2V count resets the latch and disables the oscillator and counter. The
circuit provides ps to hour interval timing. The extraordinarily long periods available from the CMOS oscil-
lator, combined with the 14-stage counter, make this range possible. Further decoding is required for vari-
ations finer than a power of two.
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40-MHz UNIVERSAL COUNTER
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.FREQUENCY-COUNTER PREAMP

4.7K 2200 /?

OUTPUT LED

INPUT " 47pF
|a = 4700
- §4.7K o1
§ 4700
— -
4‘71— o
Q1, Q2: 2N3904 DPDT |
OR 2N2222 SWITCH I
o o
l_ -
METAL BOX oy —“ |
BATTERY -
$0-239 $0-239
TRANSMITTER 50 ANTENNA
IN W soF 1KV 1ND14 (2) ouT
$0-239
FREQ-COUNTER
GERNSBACK PUBLICATIONS, INC. out Fig. 20-6

By using the preamplifier with a short length of shielded cable and clip leads, signals that generally
could not generate a readout, generate precise and stable readouts on the counter. The DPDT switch is
used to bypass the circuit when amplification is not needed. The preamplifier can also be used for other
purposes. For example, the unit was also tested as a receiver preamplifier and increased received signal
strength about 6 S-units at 30 MHz. A line tap can be used to measure the frequency directly at the output
of a transmitter. The entire circuit for that consists of two diodes, one resistor, and one capacitor. The line
tap simply picks a low-amplitude signal for measurement by the frequency counter. The tap can be con-
nected to transmitters with an output power of between 1 and 250 W,
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1.2-GHz FREQUENCY COUNTER (Cont.)

The cutput of the CA3179 is fed through the D1/Q1 circuit. Those components serve to boost the 1-V
output of the CA3179 to a standard TTL level. Then, depending on the position of range switch S2b, the
signal is passed directly to the 7216, or through the divide-by-four circuit built from the .two D flip-flops in
IC3.

The other half of the range switch S2a controls the voltage at pin 3 of the CA3179. When pin 3 is high,
the signal applied to pin 9 is fed through an extra internal divide-by-four stage before it is amplified and
output on pins 4 and 5. When pin 3 is low, the signal on pin 13 is simply processed for output without being
divided internally.

A 3.90625-MHz crystal provides the time base; the crystal yields a fast gate time of 0,256 second.
The displayed frequency equals the input frequency divided by 1000 in the fast mode. In slow mode, gate
time is 2.56 seconds. The displayed frequency equals the input frequency divided by 100 in the slow
mode.

Switch 54, gate time, performs two functions. First it selects the appropriate gate time according to
which digit output of IC1 the range input is connected to. Another of the 7216's inputs is also controlled by
S4: the dp select input. The decimal point of the digit output to which that pin is connected will be the one
that lights up. The correct decimal point illuminates, according to the position of 54, to provide a reading in
MHz.
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21

Crystal Oscillators

’Fhe sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Fundamental-Frequency Crystal Oscillator
Easy Start-Up Crystal Oscillator

Crystal Timebase

Low-Frequency Pierce Oscillator

1-MHz Pierce Oscillators

Simple CMOS Crystal Oscillators
Voltage-Controlled Crystal Oscillator

Two-Gate Quartz Oscillator
Crystal-Controlled Reflection Oscillator
Temperature-Compensated Crystal Oscillator
20-MHz VHF Crystal Oscillator

Marker Generator

100-MHz VHF Crystal Oscillator

50-MHz VHF Crystal Oscillator
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FUNDAMENTAL-FREQUENCY CRYSTAL OSCILLATOR

FREQUENCY RANGE: 1.0 MHz to 20 MHz
2-80 pF Dapending on Frequency

Rp

1a
MC10116

1/3
MC10116

1/3
MCI10716

1

LO.T LF
I Ves
— IN

MCI10116

Rp =510 0 10 VEg ar 50 2 o vy

Fig. 21-1

Copyright of Motorola, Inc. Used by permission.

For frequencies below 20 MHz, a fundamental-frequency crystal can be used and the resonant tank is
no longer required. Also, at this lower frequency range the typical MECL 10,000 propagation delay of 2 ns
becomes small compared to the period of oscillation, and it becomes necessary to use a noninverting out-
put. Thus, the MC101186 oscillator section functions simply as an amplifier. The 1.0 K resistor biases the
line receiver near Vg and the 0.1-pF capacitor is a filter capacitor for the Vg supply. The capacitor, in
series with the crystal, provides for minor frequency adjustments. The second section of the MC10116 is
connected as a Schmitt-trigger circuit; this ensures good MECL edges from a rather slow, less than 20-
MHz input signal. The third stage of the MC10116 is used as a buffer and to give complementary outputs
from the crystal oscillator circuit. The circuit has a maximum operating frequency of approximately 20
MHz and a minimum of approximately 1 MHz; it is intended for use with a crystal which operates in the
fundamental mode of oscillation.

EASY START-UP CRYSTAL OSCILLATOR

CRYSTAL
ML
IDI
3.00MHz
R1
510

—{ | @

EDN g1 G2 G3 = 5400

QUTPUT
C1 cz2
47pF 47pF
:_I; :_]: Fig. 21-2

This low cost, crystal-controlled oscillator uses one TTL gate. Two factors ensure oscillator start-up:
The connection of NAND gates G1, G2, and G3 into an unstable logic configuration and the high loop gain
of the three inverters. Values of R1, R2, C1, and C2 aren't critical; select them so the oscillator operates
at a frequency 70 to 90% higher than the crystal frequency when the crystal is disconnected. For 1-2
MHz operation, a low-power 54100 IC is recommended; for a 2 -6 MHz, a standard 5400 type; and for
6—20 MHz, a 54H00 or 54500.
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CRYSTAL TIMEBASE

. L———j—' Ve
c1 XTAL c2
3

ﬂnFT .E%MHI T arpF An on-board oscillator and a 17-stage divider
|——<
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fs

compose IC1. By connecting a standard 3.58-MHz,
television color-burst crystal as shown, an accurate

i : oA source of 60-Hz squarewaves is generated at the
§ Z0MED IC’s output, pin 1. Those pulses are then fed to

lz *ee IC2, a 4024 seven-stage ripple counter. Its outputs
= Weg are connected to different gates in IC3, which is a

dual four-input NAND gate. Depending on which
position pulse-select switch 52 is on, one of those
gates will provide an output/reset pulse of the
selected width.

h

12
g 4022

H
<L R2
32k _]_7

o oo

A SEC

52

+Vcc -y
3
! MKE gt
L 10
. IED SRS
1% 411
1
5| 1cac 12
W74 401
5
3 RESET
g | Ib+ QuTPUT
7] 14 a0 Fig. 21-3

Reprintad with permissian from Radio-Electronics Magazine, February 1986. Copyright Gernsback Pubfications, Inc., 1986.

LOW-FREQUENCY PIERCE OSCILLATOR

5V
g 2k

a3k 4 kHz
Rg = 45k
0.0068 uF—I\ 0.0015 pr 10M
EDN Fig. 21-4

The Pierce circuit oscillates at 4 kHz. At low frequencies, the crystal’s internal series resistance Ry is
quite high (45 K at 4 kHz). Therefore, an FET-based source follower is included to prevent Q1 from load-

ing the crystal output.
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1-MHz PIERCE OSCILLATORS

{a)

XTAL

R, 1MHz Ry=13k

0.0047 n;r uoms,‘Fl

R, C,=70" RgC,=60°

Simple network design is a key feature of the
Pierce circuit, as these 1-MHz oscillators illustrate.
Operating the crystal slightly above resonance (Fig.
21-5a) requires only one high-gain transistor stage.
Operating it exactly at series resonance (Fig. 21-
5b) requires an extra RC phase lag and two transis-
tors which can have lower gain.

iy EDN

Fig. 21-5

SIMPLE CMOS CRYSTAL OSCILLATOR

+V

[ )
:’ 4 OUTPUT
1/ef4049 8 1/s 4049
IC1-a IC1-b
XTAL1 8.2K
1MHz
CH c2 c3 Fig. 21-6
10pF T 4-40pF :EBpF

1

The circuit is an inverter set up as a linear
amplifier. Adding the crystal and capacitors to the
feedback path, we turn the amplifier into an oscilla-
tor and force it to oscillate at, or least very near, the
crystal’s resonant frequency. Trimmer capacitor C2
adjusts the actual operating frequency of the cir-
cuit. The crystal should be a parallel-resonant type;
maximum frequency will depend partly on supply
voltage, but it should be possible to go to at least 1
MHz.

Reprinted with permission from Radio-Electronics Magazine February 1987.
Copyright Gernsbeck Publications, inc., 1987.
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VOLTAGE-CONTROLLED CRYSTAL OSCILLATOR

~ MVZ108
2-60 pF o, 100 K
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1.0000 57.0 48.0
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10.000 1974 2028
16.000 3254 32289
Copyright of Motorola, Inc. Used by permission. Fig. 21-7

A voltage-variable capacitance tuning diode is placed in series with the crystal feedback path. Chang-
ing the voltage on Vg varies the tuning diode capacitance and tunes the oscillator. The 510-KQ resistor,
R1, establishes a reference voltage for ¥ —ground is used in this example. A 100-K{2 resistor, R2, iso-
lates the tuning voltage from the feedback loop and 0.1-pF capacitor C2 provides ac coupling to the tuning
diode. The circuit operates over a tuning range of 0 to 25 V. It is possible to change the tuning range from 0
to 25 V by reversing the tuning diode D1. Center frequency is set with the 2 —60 pf trimmer capacitor.
Deviation on either side of center is a function of the crystal frequency. The table in Fig. 21-7 shows mea-
sured deviation in parts per million for several tested crystals.
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TWO-GATE QUARTZ OSCILLATOR

A SN7400 quartz crystal and a resistor provide
a square-wave output of approximately 3.5 V. The
circuit operates reliably at frequencies from 120
kHz to 4 MHz.

R, % 18k IC = SN7400
o v, =&V
8 V' PN 14
—

GND: PIN 7

UNUSED
12

13

il

EDON Fig. 21-8

CRYSTAL-CONTROLLED REFLECTION OSCILLATOR

Vi+10 V)
. R
g A3 5| 209
2 (39 k@)

Ca
{0.01 uF)

L 1 ¢ é Ra (3 to 15 pF)
(1 uH) —— (20 pF) (39 k) (4 3 kR) -_[_
{25 MHz,
— Third Overtone)
S| I
NASA OSCILLATOR Fig. 21-9
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CRYSTAL-CONTROLLED REFLECTION OSCILLATOR (Cont.)

L C3 YL - w?C1fwy — w2C4(1+ wiRyClu?

EQUIVALENT CIRCUIT

This unit is easily tunable and stable, consumes little power, and costs less than other types of oscilla-
tors that operate at the same frequencies. This unusual combination of features is made possible by a
design concept that includes operation of the transistor well beyond the 3 dB frequency of its current-
versus-frequency curve. The concept takes advantage of newly available crystals that resonate at frequen-
cies up to about 1 GHz.

The emitter of transistor Q is connected with variable capacitor C1 and series-resonant crystal X.
The emitter is also connected to ground through bias resistor R1. The base is connected to the parallel
combination of inductor L and capacitor C3 through dec-blocking capacitor and C4 and is forward biased
with respect to the emitter by resistors R3 and R4. Impedance Z could be the 220-{} resistor shown or any
small impedance that enables the extraction of the output signal through coupling capacitor C2.IfZiisa
tuned circuit, it is tuned to the frequency of the crystal.

TEMPERATURE-COMPENSATED CRYSTAL OSCILLATOR

1008

2N2222A

fr @ TEMPERATURE
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GENERATOR

3.5MHz 0UT

Rz
62800
Ay

¥5144201

OSCILLATOR

THERMALLY
COUPLED

;;
z
O
VWA
AN
\';'/

LINEAR TECHNOLOGY CORP. Fig. 21-10

This circuit uses LTC1043 to differentiate between a temperature sensing network and a dc refer-
ence. The single-ended output biases a varactor-tuned crystal oscillator to compensate drift. The varactor
crystal network has high dc impedance, eliminating the need for an LTC1043 output amplifier.
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20-MHz VHF CRYSTAL OSCILLATOR
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R. Matthys, RF Design, March 1987, p 31.

1

Fig. 21-11

A typical circuit at 20 MHz is shown. The crystal, which has an internal series resistance Rg of 14 ,
‘oscillates at its third harmonic. The diode clamp D1 and D2 provides a constant amplitude control. The

transistor operates continucusly in a linear mode over a complete cycle of oscillation, and reflects a reason-
ably constant load across the crystal at all times,
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MARKER GENERATOR (Cont.)

The oscillator section uses three sections of a 7400.quad NAND gate integrated circuit. The 1-MHz
signal from the oscillator is fed into a 7490 decade counter configured to divide by ten, providing the 100-
kHz signal. To obtain the 50 and 25 kHz outputs, the 100-kHz signal is further divided by 7473 dual J-K
flip-flop. The first half of the 7473 divides the 100-kHz signal by two, vielding the 50 kHz signal. The sec-
ond half of the 7473 again divides hy two, giving the 25 kHz signal. 82 selects the output, a square wave,
rich in harmonics. The generator can be powered from any convenient 6 to 12 Vdc source. A 7805 fixed-
voltage regulator supplies the regulated voltage for the oscillator and the divider chips. The generator
described here is powered by a 9-V transistor radio battery.

100-MHz VHF CRYSTAL OSCILLATOR

15V

+2.5 VoG

’ Ca % 0 F s
=210 pF
22 M AW =
] e
AP -, MMTIBE0
- Lj 50 k2
XTAL
2 —_— 100 MH:;
| PF s ol | 2.4 44
215 pF R, =400
IN5T11{2) T
R. Matthys, RF Design, March 1987, p. 31. Fig. 21-13

Figure 21-13 shows a 100-MHz oscillator operating on the fifth harmonic. Again to maintain the tran-
sistor’s gain, note the increase in the collector’s load resistance R1 because of the increase in the quartz
crystal’s internal series resistance Rg. C3 is needed at frequencies above 50 MHz to tune out the shunting
effect of L1 on R1, to maintain a high load resistance for the transistor and get enough gain for oscillation.
The equivalent series R, C; load across the crystal is 8.2  (R,) and 200 pF (Cy).
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50-MHz VHF CRYSTAL OSCILLATOR

+5 v

Buffer

KTAL
50 MHz
g B

L

R. Matthys, RF Design, March 1987, p. 31. Fig. 21-14

10 uM

INST1H{2)

Figure 21-14 shows a 50-MHz oscillator operating on a third harmonic. The collector’s load resistor
R1 has been increased because the quartz crystal’s internal series resistance Ry increases with frequency
in the VHF range. The crystal’s internal series resistance Rgis 30 @, and the transistor’s minimum cur-
rent gain Hy; is 100. Using the same technique as for the 20 MHz oscillator, the external series R;C;
equivalent load seen by the 50 MHz crystal is 5.6 £ (R,) and 1000 pF (C,).
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22

Decoders

The sources of the following-circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section,

Second-Audio Program Adapter
Tone Decoder
Enceder/Decoder

Direction Detector/Decoder
Sound-Activated Decoder
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SECOND-AUDIO PROGRAM ADAPTER

Al
47K
e + 15V +15V + 16V
| 12-00pF
€6 i
—4 !
%— +cg INH138
LI Wapf
C1 cs 12 16V o 02 zug;w
10mH
INPRT 3%pF 120pF |8 |9 10 = ATK | Netes
: AAA l
{FROM §1) 1 g Wy
C2 IC? Q>
cio
u 4700pF CA3089 . | — T—:. P .
fmH 3 '_j - 3 -4
2 le 1[5 100X ¥ 47K §
ct cn < Ri& € R1Y
A g R b4 3
& o MUTE 60 F30k ¥ 00k
" A I
Aé 15y T
42K =
AMA
Ty
128H; Rg IS A1 P
LOW PASS FILTER k82 18K 10K
+ 15V ‘ W ANV
L6 +15¢ | Y
o0 o
i c1g
| 2.2uF
- : 13) 1} a2 " 18Y
] AvAv—)
o7 | Ic3b PMEELES arn
) 15 % NE570 ® 100 N AUDID
AMA—) 12 OUTPUT
o 16 4 100K ¥} {10 52}
c1a 7K + T I5V -—MWy 22uF
0022 C‘; ! BV
47
it ca $ A1 £ R
2.2uF <+ 100K <€ 63K .
= Fig. 22-1

Reprinted with permission from Radio-Electronics Magazing 1989, R-E Experimanters Handbook. Copyright Gernseack Publications, Inc., 1989.

The baseband-audio input comes from the pole of switch S1 in the stereo decoder, and is coupled to
IC1 (a CA3089) via a 78.6 kHz bandpass filter that consists of capacitors C1 and C2, and inductor Li. IC1
is a combination i-f amplifier and quadrature detector normally used for FM radio systems operating within
an i-f of 10.7 MHz. The device works equally well at 78.6 kHz. Capacitors C6 and C7, and inductor L2
tune the detector section to 78.6 kHz, while C5 provides the necessary 90-degree phase shift for proper
quadrature detector operation. The output voltage at pin 13 of IC1 is proportional to the level of the incom-
ing signal. When the voltage at the wiper of potentiometer R3 reaches a predetermined threshold level, Q1
conducts, grounding pin 5 of IC1, enabling IC1’s mute function.

Detected audio output from pin 6 of IC1 goes to [C2a, which is configured as a 12-kHz, —12 dB per
octave, low-pass filter. The output of IC2a appears across potentiometer R10, which provides a means of
adjusting the drive level into IC3b, the 2:1 compander.
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SECOND-AUDIO PROGRAM ADAPTER (Cont.)

Audio from the wiper of R10 is split into two paths: a high-pass filter (C14 and R8) provides a path to
the rectifier input of the compander, and a bandpass filter (R9, C16, and C15) that feeds the audio input of
the compander. A fixed 390-us de-emphasis network is formed by C18 and R11 in conjunction with IC3b.
Corrected audio appears at pin 10 of IC3b and is coupled to IC2b, and output buffer amplifier.

Audio from pin 6 of IC1 is also coupled to an audio high-pass filter, R5 and C10, and fed to an audio
rectifier, D1, D2, and C11. When a SAP signal is detected by IC1, it is rectified by D1 and D2; the resul-
tant dc charges C11. An increasing positive voltage at the base of Q2 causes its current flow to decrease,
so the voltage at Q2’s collector also decreases. That in turn causes the base voltage of Q3 to drop, which
causes Q3 to conduct, thereby lighting the LED.

TONE DECODER

1uF Q 5v

3Lt
-L 4] 14
INPUT o—)— 3 8 11,7408
* 2 Yig7404 e

2 567 V2556
TONE DECODER |, b
| & & 01 WF |

TT g 7| .S S

Vu7408 1
. ‘
— % =

_Tz D Sp Io}
1} -

= 3 27474
— CLK 6

Q
a D_] OUTPUT

HANDS-ON ELECTRONICS/POPULAR ELECTRONICS Fig. 22-2

.
I‘__']:'_lu i

Adding a pair of one shots to the.output of a 567 tone decoder renders it less sensitive to out-of-band
signals and noise. Without the one shots, the 5671s prone to spurious output chatter. Other protection
schemes, such as feeding back outputs or using an input filter, do not work as well as the cne shots. The
output of the 567 is high in the absence of a tone and becomes low when it detects a tone. The tone
decoder triggers a one shot via an AND gate. The one shot’s period is set to slightly less than the duration
of a tone burst.

When the output of the tone decoder decreases, it triggers the second one shot. The second one
shot's period is set to slightly less than the interval between tone bursts. The flip-flop enables and disables
the inputs to one shots so that spurious outputs from the tone decoder do not affect the output.
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ENCODER/DECODER

The transducer circuit can be operated as
either a tone encoder or decoder by changing the
> 5 -9V TONE position of S1. The operating frequency of that
@D LED1 ouT dual-purpose circuit is determined by C3 and R2.
Capacitors C1 and C2 are not ctitical and can be of
almost any value between 1 and 5 mf. When the cir-
cuit is receiving an on-frequency signal, LED1
lights. Although a two wire piezo transducer with a
resonance frequency of 2500 Hz was used in the
circuit, any piezo unit should work—as long as the
values of C3 and R2 are selected to tune to the

transducer’s operating frequency.
With power on and S1 in the B position, adjust
R2 for the loudest tone output. The circuit should
be tuned to the resonance frequency of the trans-
ducer. In that position, the circuit can be used as an
acoustical or tone signal encoder. Next, switch to
EDN Fig. 22-3 the A position and aim an on-frequency audible tone
toward the transducer; the LED should light, indi-

cating a decoded signal.

DIRECTION DETECTOR DECODER
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HANDS-ON ELECTRONICS/POPULAR ELECTRONICS Fig. 22-4
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DIRECTION DETECTOR DECODER (Cont.)

" This circuit, which was developed to monitor the traffic of bumblebees in and out of the hive, differen-
tiates a-to-b motion from b-to-b motion. When used with an optical decoder, the circuit distinguishes
clockwise from counterclockwise rotation and provides a resolution of one output pulse per quadrature
cycle.

Q1 and Q2 are mounted so that a moving object first blocks one phototransistor, then both, then the
other. Depending on the direction in which the object is moving, either IC1B or IC1D emits a negative
pulse when the moving object blocks the second sensor. An object can get as far as condition 3 and retreat
without producing an output pulse; that is, the circuit ighores any probing or jittery motion. If an object
gets as far as condition 4, however, a retreat will produce an opposite-direction pulse.

The time constants R3C1 and R4C2 set the output pulse width. A 100 KQ/100pF combination, for
example, produces 10-us pulses. Select a value for pullup resistors R1 and R2 from the 10 K to 100 K22
range, according to the sensitivity your application requires.

SOUND-ACTIVATED DECODER
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k2 +| o1
R7 220
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R ouT
1K l
L2 RG
‘|‘47 2.2K
EDN = Fig. 22-5

The piezo transducer operates as a sound-pickup device as well as a frequency-selective filter. By
controlling the gain of the op amps, the oscillator can be transformed into a sensitive and frequency-selec-
tive tone-decoder circuit. With the gain of Ula set just below the point of self oscillation, the transducer
becomes sensitive to acoustically coupled audio tones that occur at or near its resonant frequency.

The circuit’s output can be used to activate optocouplers, drive relay circuits, or to control almost any
dc-operated circuit. The dc signal at the output of Ulc varies with 0 to over 6 V, depending on the input-
signal level. One unusual application for the sound-activated decoder would be in extremely high-noise
environments, where normal broadband microphone pickup would be useless, Because piezo transducers
respond only to frequencies within a very narrow bandwidth, little if any of the noise would get through the
transducer.
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Delay Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Leading-Edge Delay

Pulse Delay with Dual-Edge Trigger
Adjustable Delay
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LEADING-EDGE DELAY

INPUT 1 A Rz

o—t
OUTPUT 1Caa OUTPUT
— [ Bas

TC
ICz i

ompm_ig:_——\__ omm:'?q.___[—‘

EDN (a) (b) Fig. 23-1

Circuit (a) lets you delay the leading edge of a positive pulse while leaving the trailing edge almost
unaffected. A positive input transifion, inverted by IC2, has no effect on IC1B. However, when the positive
transition reaches IC1A, (delayed by the adjustable network of R1, R2, and C1), it toggles both NOR
gates, initiating the output pulse. When the input decreases IC1B follows suit, delayed only by the propa-
gation through itself and IC2. Circuit (b) produces-an inverted output pulse. Inverter IC1 serves as a buffer
for the signal source—an advantage when driving a low-impedance (short-delay) network. Moreover, only
the propagation delay of [C2B separates the output’s trailing edge from that of the input. You can configure
circuit (a) to handle negative pulses by using NAND instead of NOR gates. Similarly, circuit (b) will pro-
duce a delayed positive pulse in response to negative input pulse, if you substitute NOR gates for NAND
gates.

PULSE DELAY WITH DUAL-EDGE TRIGGER
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EDN Fig. 23-2

A single monostable multivibrator delays a pulse train by a variable amount; nonetheless, this amount
can be no less than the minimum allowed pulse width #,,. The exclusive-OR gate, IC1, generates a short
pulse following every leading or falling edge of the input waveform. These pulses cause one-shot IC2 to
produce a negative-going pulse with a duration equal to the desired time delay ¢,, which you set by adjust-
ing potentiometer R. Flip-flop IC3 then creates a delayed replica of the input pulse by latching the Q1 out-
put of IC2-between positive-going transitions. You can independently control the output-pulse duration by
cascading a second one shot with the first.
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ADJUSTABLE DELAY
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You can obtain well over 360° of phase delay by cascading two monostable multivibrators. In a typical
configuration, a single monostable multivibrator is used to introduce delay in a pulse train; the multivibra-
tor triggers on each incoming pulse, provided it resets in time for the next pulse. Yet even when it resets in
time, the single monostable multivibrator provides a maximum phase delay of less than 360°. However,
with the cascaded-multivibrator approach, you can achieve 650° of phase delay by using an input-pulse
spacing of 200 us for example, with the component values shown. Every input pulse will trigger the circuit
while you adjust the phase delay throughout its available range. The first multivibrator triggers the second
one, whose reset marks the total delay time (2¢). Each introduces a delay of ¢ ps, based on 0.01-uF timing
capacitors and equal charging currents from the three-transistor, dual-current source. The two multivibra-
tor arrangement allows the first multivibrator to reset in time to be triggered by the rext input pulse. Also,
the variation of ¢ is linear with the potentiometer setting.

EDN
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Demodulator

rﬂle sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

565 SCA Demodulator
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565 SCA DEMODULATOR
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This application involves demodulation of a frequency-modulated subcarrier of the main channel. This
popular example uses the PLL to recover the SCA (Subsidiary Carrier Authorization or storecast music)
signal from the combined signal of many commercial FM broadcast stations. The SCA signal is a 67 kHz
frequency-modulated subcarrier which puts it above the frequency spectrum of the normal sterec or mon-
aural FM program material. By connecting the circuit to a point between the FM discriminator and the
deemphasis filter of an FM receiver and tuning the receiver to a station which broadcasts an SCA signal, .
you can obtain hours of commercial-free background music.
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Detectors

’rhe sources of the following circuits are contained in the Sources section beginning on page 782, The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Wide-Range Peak Detector

Schmitt Trigger

Analog Peak Detector with Digital Hold

500-Hz Tone Detector

Audio Decibel Level Detector with Meter Driver
Precision Envelope Detector
Frequency-Boundary Detector

Low-Drift Peak Detector

Edge Detector

Null Detector

Precision Threshold Detector
Out-Of-Bounds Pulse-Width Detector
Digital Frequency Detector
Missing-Pulse Detector

Digital Peak Detector
High-Bandwidth Peak Detector
Wide-Bandwidth Peak Detector
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WIDE-RANGE PEAK DETECTOR

b A A
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EDN Fig. 25-1

IC1 and IC2 form an inverting half-wave precision-rectifier/peak-detector circuit. Negative input-sig-
nal, swings with peaks larger than the voltage on C1, cause this capacitor to charge to the new peak volt-
age. The capacitor holds this voltage until a larger signal peak arrives. When the input swings high,
comparator IC4 detects the zero crossing and triggers the one-shot multivibrator. The one shot closes
FET switch S2, thereby causing C2 to charge to the peak voltage held on C1,.during the previous half
cycle. The second one shot then produces a pulse that causes FET switch S1 to discharge C1. If the next
negative signal-input peak is different from the previous one, the circuit captures it and it appears at IC3's
output during the next half cycle. The peak detector thus resets itself once every input-waveform cycle.
Note that the zero crossings are necessary to trigger the switches; therefore, the circuit is usable only
with ac signals.
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SCHMITT TRIGGER

This circuit has a 100-mV hysteresis which can

Von=4.2V be used in applications where very fast transition
times are required at the output, even though the

signal input is very slow. The hysteresis loop also

reduces false triggering hecause of noise in the

R3 input.
13K

HARRIS = 4 Fig. 25-2

ANALOG PEAK DETECTOR WITH DIGITAL HOLD
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Analog peak detection is accomplished by repeatedly measuring the input signal with an a/d converter
and comparing the current reading with the previous reading. If the current reading is larger than the pre-
vious, the current reading is stored in the latch and becomes the new peak value. Since the peak is stored
in a CMOS latch, the peak can be stored indefinitely.
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500-Hz TONE DETECTOR
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This circuit draws very little power, less than 5 mA with a single 8-V power supply, making it ideal for
portable battery-operated equipment. The small size and low power consumption belie the 90-dB dynamic
range and 10.5-uV sensitivity. Dc output voltage proportional to the logy, of the input signal level. Thus, a
standard 0 — 5 voltmeter can be linearly calibrated in decibels over a single 80-dB range. The circuit is
within 1.5-dB tolerance over the 80-dB range for audio frequencies from 100 Hz to 10 kHz. Higher audio
levels can be measured by placing an attenuator ahead of the input capacitor.
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M PRECISION ENVELOPE DETECTOR
PRECISION RECTIFIER LOW-PASS FILTER
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This circuit is useful for signal-processing sonar data-recorded on an instrumentation-quality analog
tape recorder. The envelope detector utilizes ready available parts, and furnishes accuracy beyond 100
kHz. Two LM301 op amps connected as precision absolute-value circuits use 2-pole frequency compensa-
tion for increased slew rate. And one section of an LM324 quad op amp connected in a Butterworth LPF
configuration subjects the rectifier’s output to a low-pass filter.
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FREQUENCY-BOUNDARY DETECTOR
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The circuit can be used to tell whether or not-an input signal is within a certain frequency range. The
device consists of three ICs, a dual monostable multivibrator, and two dual D-type flip-flops. The signal
whose frequency is in question is fed to the clock input of one. of the flip-flops. The Q output of that flip-
flop (IC1a) is cross coupled to its data input so that it acts like a divide-by-two counter. The trailing edge of
the Q output is used te trigger the one shots formed by IC2. The upper- and lower-frequency boundaries
are determined by the two sections of IC2; the dual precision monostable multivibrator and their external
¢ networks. The upper-frequency boundary, 1, is set by the output of IC2a, and the lower-frequency
boundary, £2, is set by the output of IC2Zb.

The frequency of the input to the circuit can be anywhere from dc to 100 kHz. The states of the out-
puts of 1C2, which determine the upper- and lower-frequency boundaries, are latched by IC3a and IC3b
respectively. The output of IC3a will be high only when the input frequency is less than that of the output
of IC2a, f,. The output of IC3b will be high only when the frequency of the input is greater than that of the
output of IC2b, £.

LOW-DRIFT PEAK DETECTOR

p—C Vour

v Rn/ z
RECOVERY

TIME ADJUST -

NATIONAL SEMICONDUCTOR CORP. Fig. 25-8

*Low leakage capacitor

This circuit uses op amp Ul to compensate for the offset in peak detector diede D1. Across C, is the
exact peak voltage; U2 is used as a voltage follower to read this voltage.
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EDGE DETECTOR
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The 555 is a monostable that wants a negative-
going trigger. If the pulse vou're feeding it with is
positive-going, you can run it through an inverter
made up of either an inverting gate or, if you're
tight on space, a single transistor. Both ways are
shown. The circuits shown in Fig. 25-9b are edge
detectors as well, and are usually referred to as half
monostables, since they can’t be used in every
application. The width of the output pulse is deter-
mined by the RC value, but -there are a few rules
governing their use:

¢ The input pulse has to be wider than the output
pulse

¢ The input pulse-can’t be glitchy

o The circuit can’t be retriggered faster than the RC
time

Reprinted with parmission from Radio-Electronics Magazine, March 1989. Copyright Giernsback Publications, Inc., 1989. Fi ’g- 25-3

PRECISION THRESHOLD DETECTOR

“INPUT RESISTORS NECESSARY IF DIFFERENTIAL
INPUT VOLTAGE EXCEEDS +1V.

(OPTIONAL FOR HYSTERESIS) OPTIONAL OUTPUT
BUFFERING CIRCUIT

HARRIS Fig. 25-10

This circuit requires low noise, low and stable
offset voltages, high open loop gain, and high
speed. These requirements are met by the HA-
5147. The standard variations of this ¢ircuit can
easily be implemented using the HA-5147. For
example, hysteresis can be generated by adding R1
to provide small amounts of positive feedback. The
circuit becomes-a pulse width modulator if V.. and
the input signal are left to vary. Although the output
drive capability of this device is excellent, the
optional buffering circuit can be used to drive
heavier loads, preventing loading effects on the
amplifier.




OUT-OF-BOUNDS PULSE-WIDTH DETECTOR
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¥ Vee Qj‘;?C—T—‘C(‘—l o ! bt~ I..._.._n,—..l

RiCar  Coexr l I l I |
Q b
— T o 1474123 h = . X INPUT

™ o1 1 11

Tm ™ ™

P N I A I S
o . IC, 7400 ' O X
INPUT OUTPUT ”
Y ”—
1474123
OUTRUT
PSR B £ S . ]l 1

RGexr Cexr

A, C: to <= Tum T < b < Tax t = Tyan
Vee ‘_ [OUT OF RANGE) (OUT OF RANGE)

(a} MAX SET (b}
EDN Fig. 25-11

Requiring only two ICs to monitor a train of positive pulses, this circuit produces a single positive
output pulse for each input pulse whose duration is either too long or too short. You specify the minimum
and maximum limits by adjusting the trimming potentiometers, R1 and R2. You can set the value of the
acceptable pulse width from approximately 50 ns to 10 us, for a 74123 monostable multivibrator. The lead-
ing edge of an input pulse triggers one shots IC1A and IC1B as you can see from the timing diagram. Each
NAND-gate output is high unless either or both inputs are low, so outputs X and Y are high unless the
cireuit encounters an out-of-range pulse. IC2D then gates a negative pulse from IC2B or IC2C to produce
the circuit’s positive output pulse.

DIGITAL FREQUENCY DETECTOR
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DIGITAL FREQUENCY DETECTOR (Cont.)

“A simple inventer and NAND gate can be connected to yield a highly compact and reliable digital fre-
quency detector. This circuit can detect frequencies up to 3 MHz with 50% duty cycles. When a fre-
quency, f;, appears at the input, points A and B detect a logical high dc level. Thereupon point E increases
the latch sets and the LED kghts. If the input frequency is absent and if the voltage is either at a constant
high or low level, points A and B will be complementary and point E will decrease. This will reset the latch
and extinguish the LED.

MISSING-PULSE DETECTOR
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Reprinted by permission of Texas Instruments. {b)

Fig. 25-13

This circuit will detect a missing pulse or abnormally long spacing between consecutive pulses in a
train of pulses. The timer is connected in the monostable mode. The time delay should be set slightly
longer than the timing of the input pulses. The timing interval of the monostable circuit is continuously
retriggered by the input pulse train, V;. The pulse spacing is less than the timing interval, which prevents
V. from rising high enough to end the timing cycle. A longer pulse spacing, a missing pulse, or a termi-
nated pulse train will permit the timing interval to be completed. This will generate an output pulse, ¥, as
illustrated in Fig. 25-3b. The output remains high on pin 3 until a missing pulse is detected at which time
the output decreases.

The NE555 monostable circuit should be running slightly slower, lower in frequency, than the fre-
quency to be analyzed. Also, the input cannot be more than twice this free-running frequency or it would
retrigger before the timeout and the output would remain in the low state continuously. The circuit oper-
ates in the monostable mode at about 8 kHz, so pulse trains of 8 to 16 kHz can be observed.
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DIGITAL PEAK DETECTOR
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DIGITAL PEAK DETECTOR CONT.

“The peak detector tracks and holds, using the charge-storing ability of a capacitor, the highest output
voltage from a transducer. Initially, the voltage on the inverting input of the comparator is at ground level.
As a small voltage (0 -5 V) is captured by the peak detector and presented to the comparator’s noninvert-
ing input, the output will swing high, which asserts the bilateral switch; clock pulses now pass through the
switch to clock both the BCD and binary counters. The outputs of the binary counters are connected to an
R2R ladder network, which functions as a digital-to-analog converter. As the binary count increases, the
R2R ladder voltage also increases until it reaches a point slightly above the voltage of the peak detector; at
that instant, the comparator output swings low, which disables the bilateral switch and stops the counters.
The number displayed on the 7-segment LED’s will represent a value equivalent to the transducer’s out-
put.

HIGH-BANDWIDTH PEAK DETECTOR

15V O 15V
01,F 01 .F |OFFS1§L

(I_N_‘ CUTPUT . .
CH | '3 The high-speed peak detector uses a highly

~ o - © } accurate, fast s/h amplifier controlled by a high-
e 8 speed comparator. The s/h amplifier holds the peak

T e T voltage, until the comparator switches the amp to
J- IaepF its sample mode, to capture a new, higher voltage
A B level. The circuit handles all common-wave shapes
and exhibits 5% accuracy from 50 Hz to 2 MHz.
= $——OTQPOWER SUPPLY GOMMON The comparator’s output decreases when the
CE l_/ia_o input signal exceeds the value of the currently held
01 oF s % output. This transition puts the s/h amplifier into
_L__) l_h,‘, . - sample mode. Once the output reaches the value of
| | the input, or the input signal falls below the out-
put’s level, the comparator’s output increases; the

i TN | 15, high output brings the s/h amplifier back to the hold
- I [ swwremese mode, thereby holding the peak value of the input
: signal. Reset the circuit by lowering the value of pin

4 of the NE522 comparator, which in turn allows
the NE5060 s/h amplifier to acquire the input. The
NE522 comparator has an open-collector output.

NiC

NiC

EDN Fig. 25-15
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NULL DETECTOR

=1.8v FWD DROP
In this indicating comparator circuit, R2 sets
the hysteresis. If the 741 saturates at £ 12 V, the
carrent in R1 will be approximately £ 10 mA if 0.1
HYST ~ = 100 MV V hysteresis is desired. Then 0.1 V/10 mA = 10Q

= R2,
PART COUNT =6 108

EDN Fig. 25-16

WIDE-BANDWIDTH PEAK DETECTOR

5V -5.2v €2 100 pF
—
R3 10Kk | C3 0.22uF

A !
v it

0.01 yF 0.01 uF
VIN I
{+2V MAX) "
3
510
= -5.2V
: D1 D2 :
B ) 5 2V p———rr——0 = 5.2V
e 1N414gs 300
EDN Fig. 25-17

This circuit can detect the positive peaks for signal frequencies higher than 5 MHz. It yields + 1%
accuracy for 400 mV to 4 V -pk-pk signal amplitudes on sine, square, and triangular waveforms. The
Am685 comparator output increases whenever Fy is a greater negative voltage than Vour; the high com-
parator output, in turn, charges C1 in a positive direction. The CA3140 op amp amplifies the C1 voltage
with respect to the ECL-switching-threshold voltage (- 1.3 V) developed by diodes D1 and D2. For repeti-
tive waveforms, each cycle boosts Voyr until it equals the peak input value. The peak-detection process is
aided by the comparator’s open-emitter output, which allows C1 to charge rapidly through R2, but to dis-
charge slowly through R2 and R1. Reducing the value of C1 shortens system-response times. Although
the circuit can’t detect negative-going peaks, it can be modified to measure the pk-pk value of bipolar sig-
nals that are symmetric about ground. To do so, divide Vyyur by 2 using two 1-KQ resistors and feed the
comparator ¥our/2 rather than Vopr.
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26

Digital-to-Analog Converters

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Digital-to-Analog Converters

Four-Charme! D/A Output Amplifier

12-Bit Binary 2s Complement D/A
Conversion System

9-Bit CMOS D/A Converter

Multiplying D/A Converter

Positive Peak Detector
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“ DIGITAL-TO-ANALOG CONVERTERS

10 Bit, 4 Quadrant Multiplying DAC
(Offset Binary Coding)

R g AR R B _R
Vi Y 1T it
$m fm fom 3R 3m 3o izn 2R $2R $2R32A% 10MO
ol
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= B1 B2 BA B4

1
!

IC1: use five of either DG402, DG413, or G423

5 l,u L1a &11 yo 19
B6 B7 88 B9 B
OFFSET BINARY (NPUT = V-

Buopolar (Offset Binary)* Operalion 4 Bd Multiplying Current Switch DfA

DIGITAL INPUT ANALOG OUTRUT Ve
Tttt Ve {1-2 10K S 20KD 3 40KQ S BOKSI
1000000001 Vs (27} “'*'ﬁ“? x
1000000000 [ =
D111111111 Vaer (27 9 ’ s 4 !
0000000001 Vage (1~ 2%) 11 5K
cQo0000Q000Q Vags v
NOTE: 1 LSB = 2 Vg 1 1 l 1 .
“Complamenting 81 (MSB) will giva 2's camplsment coding. I ’ ! # 3 -
| | } 1 LM118 Vour
| | } I § .
‘L -V
14 ‘JJ"’ ‘L“ J_”z g‘" TYPIGAL FEEDTHROUGH ERROR
g & & A OF 2mV pp FOR Vyg, = 10V pp
— -1
= MsB 158y {100 MHz

IC1- use two of either DGA403, DG413, or DG423
SILICONIX Fig. 26-1

The following applications circuits are intended to illustrate the following points:

* A 2-KQ resistor should be in series with V+ to limit supply current with negative ringing of the hit
inputs '

e Temperature compensation for Rps,, can be provided in the feedback path of the op amp

* Bipolar reference voltages can be used in all configurations
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FOUR-CHANNEL D/A OUTPUT AMPLIFIER
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Fig. 26:2
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12-BIT BINARY 2s COMPLEMENT D/A CONVERSION SYSTEM

1. ALL OP AMP POWER 15V
* UNLESS OTHEAWISE HOTED
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Fig. 26-3

The frent end of the DAC is configured differentially using duat eight-input IC multiplexer 1H6216 and
three LM156 op amps. Following the differential amplifier is the programmable gain stage discussed ear-
lier, with a low-pass filter on the output feeding the IH5110 sample and hold amplifier. The output of the
TH5110 is connected to the comparator input, — input LM301, through the internal 10-K£ feedback resis-
tor of the 7541 multiplying d/a converter, The AD7541, along with a +10-V reference and successive
approximation logic, make up the 2’s complement a/d converter.
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- 9-BIT CMOS D/A CONVERTER

0V LOGIC INPUTS
A

+10. 010 \
O
L3t @ ) MsB REQUIRED
s 8 4 D s S 4 3 2 ! 3 RATIO - MATCH
® @ @ ¢ ¢ | @ @ @ T sraomm
(2) ) STANDARD
2 t0 1%
COA00TA CD4OOTA c04007a 3 +02 %
] a t0.4 %
5 +08 %

6-9 t | % ABS

ALL RESISTANCES
IN OHMS

PARALLELED
RESISTORS

+5v

OUTPUT

VOLTAGE
FOLLOWER

INTERSIL Fig. 26-4

Three CD4007A IC packages perform the switch function using a 10-V logic level. A single 15-V sup-
ply provides a positive bus for the follower amplifier and feeds the CA3085 voltage regulator. The scale
adjust-function is provided by the regulator output control, which is set to a nominal 10 V in this system.
The line-voltage regulation (approximately 0.2%) permits 9-bit accuracy to be maintained with a variation
of several volts in the supply. System power consumption ranges between 70 and 200 mW; a major portion
is dissipated in the load resistor and op amp. The regulated supply provides a. maximum current of 440 pA
of which 370 pA flows through the scale adjusting. The resistor ladder is composed of 1% tolerance metal-
oxide film resistors. The ratic match between resistance values is in the order of 2%. The follower ampli-
fier has the offset adjustment nulled at approximately a 1 V output level.
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MULTIPLYING D/A CONVERTER

DIGHTAL INPUT

MS B
Q

L3B

V4 LO“ISV

ANALOG
INPUT
O—e
1% 2448
. L Dol |+ g Col—
3 i
T 1 136 . Dy
+ EN }— + ENF—
L ]
0————J 1 - GND
182
1K = =
[ S - COMP
i [ 1 ) L
* V+ 17t +
+15V
*>— our - our
2 2
* HA 2400 ——O-15v + HA- 2400 v b—0
-15V
1K L
HARRIS

The circuit performs the function:

N
V(')UT=VIN><E

where N is the binary number from 0 to 15 formed by the digital input. If the analog input is a fixed dc
reference, the circuit is a conventional 4-bit D to ac signal, in which case the output is the product of the
analog signal and the digital signal. The circuit on the left is a programmable attenuator with weights of 0,
/4, Y2, or 3/4. The circuit on the right is a noninverting adder, which adds weights to the first output of 0,
16, /s, or 3/1s. If four quadrant multiplication is required, place a phase selector circuit in series with
either the analog input or output. The Dy, input of that stage becomes the + or — sign bit of the digital

input.

168



POSITIVE PEAK DETECTOR

+ 158V

T
T

V(AC)
3KQ
2N2102
O vV (DC) =
= +V, PEAK
T 1GO0pF
1.2KQ _
-15V T 0.14F
GE/RCA = Fig. 26-6

This peak detector uses a CA3100 BiMOS op amp as a wide-band noninverting amplifier to provide
essentially constant gain for a wide range of input frequencies. The IN914 clips the negative half of ¥y
(RN/(R3) (RS). A 500-pA load current is constant for all load values and the output reflects only positive

input peaks.
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27

Display Circuits

rHle sources of the following circuits are contained in the Sources section beginning on page 782, The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Two-Variable LED Matrix Display
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Fig. 27-1

This matrix can show the values of two variables, for example, frequency and voitage. The display is a
graph made from a matrix of LEDs. The LEDs on each axis are color coded, red for out of tolerance and
green for i, forming a red band around the inner green rectangle. The two input voltages proportional to
the functions being measured are presented to the two columns of comparators. The other comparator
input is a reference voltage derived from resistor ladder R1 to R,. The output of each row of comparators
is processed with an inverted and an AND gate to allow only one active output for any input value. The
LED at the intersection of the active drives shows the relationship of the two inputs. The advantage of this
display is the ease in reading, modification, and also its small size. All comparators are LM339 quads.
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28

Drive Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782, The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Practical Current-Limiting Coil Driver
Line-Synchronized Driver

Low-Power RS-232C Driver
Totem-Pole Driver with Bootstrapping
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SILICONIX

spike protection.

PRACTICAL CURRENT-LIMITING COIL DRIVER

A - SEE TEXT
. v+
f‘" R
_] D—Mv‘v
12v
D—Wv—ln w1 inresso —44[-|
[ o —1
~
1/2 Si7280
1.6 mHy, 108 =YY T
MOTOR COIL $B1680
= 1/2 SI7250 :| l I d
- R — ]
-0l r— —» | |IRFs40
> = ,
A
’. % < My +
- - S000 uF
= +5 -
é K e % RATED FOR
9 2K SWITCHING
d AAA ey POWER
1/4 74LS175 SUPPLY
L SERVICE
G D 1/4 LM339 3 :P 0,010
0.010t >
+ g
20K A0
A AAN
—
174 TALB17S
—40 D
T 100 kMz

Fig. 28-1
The p-channel devices are switched off by current sensors when the coil current reaches 10 A. The

operation is similar to that of a switching-type power supply. The Schottky diodes and resistors are for
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LOW-POWER RS-232C DRIVER

Y
i 4 mA 30V/uSEC SLEW RATE
10k
SERIAL DATA 14 10k 2N3906 —— 46V
FROM UART A
1Gy
I | | TAHC04 330, e — a3tV
< 1w
< 10k [ RS-232C
k2 I OUTRUT
2N3904 | 330 pF
2N3908 o
{TYPICAL RS-232C
RECEIVER LOAD)

10k =
- )

-
S47
47 01 pF >

SYSTEM CLOCK (O p-3.4v
* MHz /
}N4148 sk o1 uF
v 1

EDN = B Fig. 28-3

This circuit draws only 4 mA from a 5-V supply while driving a standard RS-232C receiver. The sys-
tem clock drives a dc-dc converter that produces — 3.4 V. The frequency can range from 0.5 to § MHz, but
a range of 0.5 to 1 MHz will minimize power dissipation. The circuit output withstands direct shorts to
ground or to either of the supplies {+12 V max). In place of the 74HC04 high-speed CMOS driver shown,
you may want to substitute miscellaneous spare gates; one noninverting buffer, for example, can replace
the two inverting types that receive the UART signal.

TOTEM-POLE DRIVER WITH BOOTSTRAPPING

TRV O
v o—y v +—1 When driving MOSPOWER in a totem-pole
:__I.'i___| 4 T_j output configuration, it is necessary to have the

> s T—l S O S gate voltage 10 to 15 V positive with respect to the
j__L wi gource in order to handle load currents near the
= MOSPOWER maximum ratings. The D169 lends
oo | gj_- weo | jtself to bootstrapping because of its high-voltage
:ﬁj o ratings. In the circuit shown, the voltage on the
! l *—°5ir:  2000-pF bootstrap capacitors is applied via diode

S OR gates to the V+ terminal. Therefore, regard-

= less of which output is high, 30 V is present at V +.

U1, 12 03 AND 04
ARE VNIBAK

TTLor
CcMOS
INPUTS

1
i
I
[ S ——

— Maximum switching frequency is determined by the
o VI input capacitance of the MOSPOWER transistors
= = used.
SILICONIX Fig. 28-4
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29
Fiber Optics Circuits

’Dle sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Fiber Optic Transmitter

Digital Fiber Optic Receiver

90-Mb/s Fiber Optic LED Driver

Fiber Optic Link

Low-Cost 100-M Baud Fiber Optic Receiver
50-Mb/s Fiber Optic Receiver
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FIBER OPTIC TRANSMITTER

5V
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I v jal gem |
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| 5% 1743040 I //'V
A 180pF !
| @ TTL In ] caFzd |
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L Flgure 2s. LEDOriver
* Note: An altenate LED driver which uses the 74F3040 lins driver was incorporated in this particular ap-
plication example, The 74F3040.has a higher current rating, but not the variable threshold capabilities of
SIGNETICS the NES22. The LED diode is operated in tho saturated on-off mode for best signal to noise.

Fig. 29-1

This receiver circuit consists of wideband differential amplifier NE592, VC(O NE564 and LED driver
NE522—the high-speed comparator. The video signal is ac coupled into the modulator preamplifier and
followed by a sync tip clamp to provide dc restoration on the composite video signal and to prevent variation
of modulation deviation with varying picture content. A video signal level of 250 to 300 mV peak is required
to maintain optimum picture modulation. Frequency compensation (preemphasis) is inserted in the form of
a passive rc lead network at the input to the NE592 differential amplifier. The main FM modulator consists
‘of an NE564 used only as a linear wideband VCO, but the other sections of the device are not used. Dif-
ferential d¢ coupling to the VCO terminals is attained via the loop filter terminals, pins 4 and 5.
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DIGITAL FIBER OPTIC RECEIVER
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SIGNETICS Fig. 29-2

This receiver uses the NE5212, the Signetics 10116 ECL line receiver, and the Phillips/Amperex
BPF31 pin diode. The circuit is a capacitor-coupled receiver and utilizes positive feedback in the last stage
to provide the hysteresis. The amount of hysteresis can be tailored to the individual application by changing
the values of the feedback resistors to maintain the desired balance between noise immunity and sensitiv-
ity. At room temperature, the circuit operates at 50-M baud with a BER of 10E-10 and over the automo-
tive temperature range at 40-M baud with a BER of 10E-9, Higher speed experimental diodes have been
used to operate this circuit at 220-M baud with a BER of 10E-10,

50-Mb/s FIBER OPTIC LED DRIVER

v,
o sV
T o1 L]loapF
A i Rt T
15 113 [xo] R Ry ]
TX GATE 74F3040 A -
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74F3040 _j 8 &
7
[2] * /3 5 [ ;
TTLIN 1 . 11
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NOTES: R, =140 ~
HB =40 )
R, = 90Q
C, = 250pF
SIGNETICS Fig. 29-3
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50-Mb/s FIBER OPTIC LED DRIVER (Cont.)

* The pull-up transistor of the totem-pole output is used to turn on the LED and the pull-down transis-
tor is used to turn off the LED. The lower impedance and higher current handling capability of the satu-
rated pull-down transistor is used as an effective method of transferring the charge from the LED’s anode
to ground as its dynamic resistance increases during turn-off. The slightly higher output impedance of the
pull-up stage ensures that the LED is not over peaked during the less difficult turn-on transition. This
asymmetric current handling capability of the output stage with its variable impedance substantially
reduces the pulse-width distortion and long-tailed response. As the signal propagates through two NAND
gates, each transition passes through the high-to-low and low-to-high transition once, normalizing the total
propagation delay through the circuit.

FIBER OPTIC LINK

O.14F O AnF

-?E”:TB—:”-LS :E‘D#F 0.01F

DATA Ny 13 0.0047.F 'j_
B o4 100 =
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Lep == FEERCABLE
JABBER 2
FLAG 3
11 "\? 51
s 2 DATA
1
0.47uF i :PZK 1308 g out
=% 500 INPUT
LEVEL
NEsUa1 FLAG
T LAG
10pF
SIGNETICS Flg. 29-4

The circuit shows a simplex fiber link between the NE5080 transmitter and the NE5081 receiver. The
components shown are for a center frequency of 5 MHz, although this frequency can be increased to 20
MHz with proper selection of external companent values. The NE5539 has a 530-MHz unity gain band-
width which could limit maximum operating frequencies in some systems. Since the NE5081 can ade-
quately accept signals below 10 mV at 5-MHz carrier, the gain stage within the dashed lines can be
eliminated if the attenuation in the link is low. If the gain stage is used, be mindful of the bandwidth trade-
off at higher gains. Refer to the NE5539 data sheet for details.
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> LOW-COST 100-M BAUD FIBER OPTIC RECEIVER

S
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SIGNETICS

This two-chip receiver with minimum external component count has been designed for low-cost fiber
optic applications to 100-M baud (50 MHz). The receiver is divided into pre- and postamplifier ICs for
increased stability. The preamplifier IC features low noise with a differential transresistance design. The
postamplifier IC incorporates an auto-zeroed first stage with noise shaping, high-gain symmetrical-limiting
amplifier, and a matched rise/fall time TTL output buffer. A wide-band full-wave rectifier functions as a
link-status ndicator. To ensure stability, a surface mount, small outline (SO), package is used. The
received signal in the — 35 dBm optical (average) to —9 dBm range is converted into a small unipolar cur-
rent by the pin diode. The pin diode then feeds its signal current to a preamplifier, such as the NE5212,
The preamplifier output is fed to a high-gain limiting amplifier, simply known as the post amp.

The NE5214/NE5217 postamplifiers are low-cost ICs that provide up to 60 dB of gain at 50 MHz to
bring mV level signals up to TTL levels. The postamplifier IC incorporates an auto-zeroed first stage with
noise shaping, a high-gain symmetrical-limiting amplifier, and a matched rise/fall time TTL output buffer. A
secondary amplifier chain functions as a link-status indicator.




50-Mb/s FIBER OPTIC RECEIVER
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SIGNETICS . Fig. 29-6

The optical signal is coupled to the pin diode. Current flowing in the diode also flows into the input of
the NE5211 preamplifier. The preamplifier is a fixed-gain block that has a 28-K§ differential transimped-
ance and does a single-ended to differentiai conversion. With the signal in differential form, greater noise
immunity is assured. The second stage, or postamplifier NE5214, includes a gain block, auto-zero detec-
tion, and limiting. The auto-zero circuit allows dc coupling of the preamplifier and the postamplifier and
cancels the signal dependent offset because of the optical-to-electrical conversion. The auto-zero capaci-
tor must be 1000 pF or greater for proper operation. The peak detector has an external threshold adjust-
ment, Ry, allowing the system designer to tailor the threshold to the individual’s need. Hysteresis
included to minimize jitter introduced by the peak detector, and an external resistor, Ryys, Is used to set
the amount of hysteresis desired. The output stage provides a single-ended TTL data signal with matched
rise and fall times to minimize duty-cycle distortion.
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30
Field-Strength Meters

’I‘he sources of the following circuits are contained in the Sources section beginning on page 782, The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Sensitive Field-Strength Meter
Field-Strength Meter
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SENSITIVE FIELD-STRENGTH METER

"
RFC
REMOTE F
A4 -
. LOCAL
LE]
3
Rl 3 LOGAL c§ P 2
AMP
82 DIRECT » cw _
+ —o
RE H 1
=—|!||—b- se - B9 3 53
av cow +
BATTERY
RZ
ce ey
ai-} RE 2
o
. WAL
rEC ¢
ABCD
EFG binding posrs
e o 315 7 e capseter
DF varial
o] g ©3,64,85,C6,
cap €7.C8.C8 0.01 uF Hxed capacitor (RF type)
CRY THI4 germaniu disds
L 50 LA mater
1/ Q1,02 NPN Dariington Iransisiors. MPS-A13. Radio Shack
o anT ) No. 276-2060
' cs CHASSIS RFC Thrat 2.5 mH radio freguancy chokes
GROUND A1.R2 510K, 1/2-watt carbon resistcr 5 percent
£ A3 86-0hm 1/2-walt casbon resistor § percent
1 R4 1,800-0hm 1/2-watt carbos resistor § parcest
R5 A6 2,060-ahm 1/2-watt carbon sesisior 5 percent
aND R7 100-ahm, linear potentiometer 2 watt
R8 500-ohm, linear polentiomater 2 watt
Rg 100K lingar potentipmetar 2 watl
51 DPET roggle switch
82,83 DPDT toggle switch
aPsT S7 2-pole. 5 position rotary swiich (available in your-junk box
SwITCH or local parts emporium — Ed)
batteries Two 9-volt Aadio Shack Na. 23-464 .
HAM RADIO cabinat 7 x 11 x Binchea F‘g- 3031

The two-pole, five-position switch, coils and 365-pF vatiable capacitor cover a range from 1.5 to 30
MHz. The amplifier uses Darlington npn transistors whose high beta, 5000, provides high sensitivity with
S1 used as the amplifier on/off switch. Switch S2 in the left position allows the cutput of the 1N34 diode to
be fed directly into the 50-pA meter (M) for direct reading. When S2 is in the right position, the amplifier
is switched into the circuit. Switch S3.is for local or remote monitoring. At full gain setting, the input signal
is adjusted to give a full-scale reading of 50 mA on the meter. Then with the amplifier switched out of the
circuit, the meter reading drops down to about 0.5 mA. A 2.5-mH rf choke and capacitors C3, C4, and C5
effectively keep rf out of the amplifier circuit.

FIELD-STRENGTH METER

The untuned, but amplified FSM can almost
sense that mythical flea’s whisper—from 3 through

is so immune to over-

02 g1
ANT1 SHIELD 1ng14 O/D v
I SIOﬁI"""]
|
I 1
01 ! K ’
NGO ‘Lgm il @ As 6
g ~ v 15008 220052
M .
<A =L o2 3 i
10K ™0 ! L/”
|
A
2 . L5 e mm M1
e 2 R AL 100K ZU‘M
= HANDS-ON ELECTRONICS F'Q- 30-2

148 MHz no less—and yet,
load that the meter pointer won’t pin. The key to
the circuit is the amplifier, a 324 quad op amp, of
which only one section is used. It's designed for a
single-ended power supply, will provide at least 20-
dB dc gain, and the output current is self-limiting.
The peinter can’t be pinned.
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Filter

31

Circuits

’Ele sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.
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Programmable Active Filters

Biquad Audio Filter

Low-Power Active Filter with Digitally
Selectable Center Frequency

Glitch-Free Turboe Circuit

Voltage-Controlled Filter

Second-Order Biquad Bandpass Filter

Noisy Signal Filter

State-Variable Active Filter

Scratch Filter

Dynamic Noise Filter

State-Variable Filter with Multiple
Filtering Qutputs

Typical Active Bandpass Filter

Sixth-Order Elliptic High-Pass Filter

Fourth-Order Chebyshev High-Pass Filter

Fourth-Order Chebyshev Bandpass Filter

Rumble Filter



PROGRAMMABLE ACTIVE FILTERS
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+15v
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k]

HA 2400

OUTPUT I E L
- —15v
AMP Vo D.__o

HARRIS

Fig. 31-1

This is a second-order, low-pass filter with programmable cutoff frequency. This circuit should be
driven from a low-source impedance since there are paths from the output to the input through the unse-
lected networks. Virtually any filter-function which can bhe constructed with a conventional op amp can be

made programmable with the HA-2400,

A useful variation would be to wire one channel as a unity gain amplifier, so that one could select the
unfiltered signal, or the same signal filtered in various manners. These could be cascaded to provide a

wide variety of programmable filter functions.

BIQUAD AUDIO FILTER

———

Ry
R
[ R (A oy
AA [ AAA
Yy WYY
Ry MIN RWTI [T

R'» Ay MIN - R3MAX
Ly T

% CONTROLE cop (CENTER FREQUENCY)
R CONTROLE B (SELECTIVITY)
R3CONTROLS B (GAINI

The biguad offers a universal tilter with wg. Q. and gain “orthogonaliy”
tungd

HARRIS Fig. 31-2

This universal filter offers low-pass, high-pass,
bandpass, hand elimination, and all-pass functions.
The Bigquad consists of two successive integration
stages followed by an inverting stage. The entire
group has a feedback loop from the front to the
back consisting of R1 which is chiefly responsible
for controlling the center frequency, w,. The first
stage of integration is a poor integrator because R2
limits the range of integration. R2 and C form the
time constant of the first stage integrator with R3
influencing gain H almost directly. The band-pass
function is taken after the first stage with the low-
pass function taken after the third stage, The
remaining filter operations are generated by various
combinations of three stages.

The Biguad is .orthogonally tuned, meaning
that w,, ©, and gain A can all be independently
adjusted. The component values known will allow
w, to range from 40 Hz to 20 kHz. The other com-
ponent values give an adequate range of operation
to allow for virtually universal filtering in the audio

‘region, w,, O, and gain H can all be independently

adjusted by tuning R1 through R3 in succession.
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LOW-POWER ACTIVE FILTER WITH DIGITALLY SELECTABLE CENTER FREQUENCY

e

Rz

20K €}
.v‘vAv
HIGH PASS
ouTPYT
REy Q
20K {1 €
V- 0.008 4F LA LY ]
" 130 i} 00154F
Al
20K 5} 6 Ay " s — —
Vin O——AMA—— 2 3 200} Az 143 Las
YV~ 13 1z 0% {2 13
5 _*"A 4 250 ok WA/ Low
A ™ X Y] PASS
| " T a Ay OUTRUT
] | Rz
+15 v ¢ b—'
1/2 DGIOTA
“BY 1/2 DG307A
o 7
CMOS LOGIL DIGITAL INPUT
1/4 CD4DD1 HIGH = 7 uHz —
LOW = 700 Hy 750x g} =
- LA A4
b Roz Aa!
200
2 Q =28, Hg = 26. Fo HiGH - 7 &Hr, Fp Lpw = TOO Ha
-.J: ,ANE’,A“ QUIESCENT POWER DISSIPATION
- ouTPUT DGAOTA » 120 W
L144 = 14 mW
H
Table 1 AND K = —
Design Procedurs for the State Varisble Active Filter Qs

Givan: fy (Resonant Fragquencyl),
Hp {Gain at the Resonant Frequency) and Qg

STANDARD DESIGN
{Assumes Infinte Op-Amp Gain}

1. CHOOSE Cy = Cp = C, A CONVENIENT VALUE
2. LETRy=RAy=R

3 THENR = —or—
2mxf, xC

4, CHOOSE Ry, =Ry p = KR,
WHERE A4, Ryp = A CONVENIENT VALUE

SILICONIX

IF H, I8 UNIMPORTANT lia., GAIN CAN BE
ADDED BEFORE AND/OR AFTER THE
FILTER), CHOOSE K = 1

5. LET Rgy = A CONVENIENT VALUE

‘6. THEN A . fa
QZ 2+ k) xQ,-1

Adf} = THE NOMINAL OP AMP GAIN AT
THE RESCNANT FREQUENCY.

GBWP = THE NOMINAL GAIN-BANDWIDTH
PRODUCT OF THE QPERATIONAL AMPLIFIER

Fig. 31-3

The switchable center frequency active filter allows a decade change in center frequency.

GLITCH-FREE TURBO CIRCUIT

O

NORAMAL/TURBO— ICs o
ICy

MASTER-CLK
(24 MHz)

pP-CLK

This simple circuit generates a dual-speed
clock for personal computers. The circuit synchro-
nizes your asynchronous switch inputs with the
master clock to provide glitch-free transitions from

o —iesmn  one clock speed to the other. The dual-speed clock

allows some programs to run at the higher clock
speed in order to execute more quickly. Other pro-
grams—for example, programs that use loops for
timing—can still run at the lower speed as neces-
sary. The circuit will work with any master-clock

EDN Fig. 31-4
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GLITCH-FREE TURBO CIRCUIT (Cont.)

frequency that meets the flip-flops’ minimum-
pulse-width specs.

The two D two flip-flops, IC1 and IC2, and an
XOR gate, IC3, form a binary divider that develops
the 6- and 12-MHz clocks. When the NT signal is
low, the reset pin forces the 6-MHz output low. On
the other hand, when the NT signal is high, IC3

blocks the 12-MHz output. Therefore, only one of
the two clock signals passes through IC3 and gets

‘clocked into IC6. Because the master-clk signal

clocks IC6, asynchronous switching of the NT sig-
nal can't generate an output pulse shorter than 41
us (1/24 MHz). Also, the synchronization eliminates
glitches.

VOLTAGE-CONTROLLED FILTER

R
v, R
e S Al g B )
R, + Ay 4 Low
3 CROG  an  OV, band
(a) Ay T z +6Y
> O
L, uF Lo wF
[
AN H‘.‘."
* R . { l
s 31 oot
i
9 § Vou
CA3450 5 )
1
I LI 51213
R "2 4
y ¥ -6Y
‘ -0
- BB204 _L
BBk —TF 01
T T
m +
ELECTRONIC DESIGN Fig. 31-5

The control voltage V. easily sets the cutoff
frequency w, of this state-variable filter to any
desired value, from about 1.7 MHz up to 5 MHz,
with a BB 204 varicap and R = 100 KQ, V, can
range from 0 to 28 V. This range changes the capac-
itance of the varicap from about 4 to 12 pF.

The circuit consists of input summing circuit
Al and two noninverting integrators, A2 and A3.
Both the integrators and the summing-amplifier cir-
cuits use CA3450 op amps. With them, cutoff fre-
quencies up to 200 MHz are possible.

The circuit’s cutoff frequency, it's Q-factor,
and gain G are simply:

W, = ZICR, Q = R;!R.q_,
and G = Rq.’rRl

For a given value for R4, say 10 K, Q
depends only upon the resistance of R3. The Q can
be any value, even 100, independently of both w,
and G. Similarly, the gain then depenis only on the
resistance of R1 and can also be set as high as 100,
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" SECOND-ORDER. BIQUAD BANDPASS FILTER

AAA

':‘:“v :cL"rm o
il \Ij_ Note that 7, on each amplifier might be differ-
1 = 180 ent. AVCL = 10, Q = 100,_]2 = 100 Hz.
T80n o
K Mo .
L7631 LA = Vour
INTERSIL Fig.31-6
NOISY SIGNALS FILTER
X
_'m‘ This circuit filters noise, such as glitches and
in, contact bounce, from digital signals. You can easily
< 20 adjust the circuit for a wide range of noise frequen-
O o cies. The circuit’s output changes state only if the
‘D‘)_"_*"""‘“"";{_‘Qr input differs from the output long enough for the
10K counter to count eight cycles. If the input changes
before the counter reaches its maximum count, the
[ ‘ counter resets without clocking the output of flip-
5§ flop, IC2. You use R2 to set the frequency of the
%o o|—o outrut two-inverter CMOS oscillator, which clocks the
e o C ek counter. Simply -adjust the oscillator such that its
) g period is one-eighth that of the noise you want to
= Fj: eliminate.
INPUT
el
EDN Fig. 31-7

188



STATE-VARIABLE ACTIVE FILTER

RS
100K

ANA

vy

LA ] i
_r AN 1 R 1033[]F

7 —AAA- 174 RG4155 1/4 RCA156

R7* Vup ¥ap

pa* 1000pF

174 RCA158

vip

Highpass Bandpass Lowpass

*[nput connections are chosen for inverting or
non-inverting response. ¥alues of A3, R?. AR
determine gain and Q

**Values of R1 and R2 delerming natural
Irequency.

Reprinted with permission fram Raytheon Co., Semiconductor Div.

! Output Output

Output

BS-001518

Fig. 31-8

A generalized circuit diagram of the two-pole state-variable active filter is shown. The state-variable
filter can be inverting or noninverting and can simultaneously provide three outputs: low-pass, bandpass,
and high-pass. A notch filter can be realized by adding one summing op amp.

In the state-variable filter circuit, one amplifier performs a summing function and the other two act as
integrators. The choice of passive component values is arbitrary, but must be consistent with the amplifier
operating range and input signal characteristics. The values shown for C1, C2, R4, R5, and R6 are arbi-
trary. Preselecting their values will simplify the filter tuning procedures, but other values can be used if

necessary.

SCRATCH FILTER

ouT
W
O
P b pg §1¢ N
#ww c2 A1 Rz $ank
21 22K 7 RS
W@—ons U -
51a -~
CAJ130T
3 0R M1E cE
0047 .
c4 £ A4 5
sor Farox 7R ooss
GND
POPULAR ELECTRONICS Fig. 31-9
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. DYNAMIC NOISE FILTER
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STATE-VARIABLE FILTER WITH TYPICAL ACTIVE BANDPASS FILTER
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SIXTH-ORDER ELLIPTIC HIGH-PASS FILTER
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RUMBLE FILTER
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32

Flashers and Blinkers

ﬂ

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Ring-Around LED Flasher Five-Lamp Neon Flasher
Three-Year LED Flasher Alternating LED Flasher

SCR Ring Counter CMOS Flasher

Astable Multivibrator 60-W Flashing Light

Ac Flasher Two-State Neon Oscillator
Single-Lamp Flasher Alternating LED Flasher
SCR Chasher Transistor Flasher

SCR Flasher Minimum Component Flasher

Incandescent Light Flasher =~ Lamp Flasher
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RING-AROUND LED FLASHER

a0 C3
! 0 .88
M4

o

o]

I+

HANDS-ON ELECTRONICS souree ” Fig. 32-1

When power is first turned on, two of the LEDs are on and the other two remain off until the timing
cycle reverses. The LEDs flash in pairs, but by pressing and holding 51 closed until only one of the LEDs
is on, and then releasing it, the four LEDs can be made to flash in sequential order. The number of LEDs
flashing in a sequential ring can be easily increased to eight by adding another 4001 quad NOR gate. Just
repeat the circuit and connect the additional circuit in series with the first—input to output—as an exten-
sion of the first circuit. When power is connected to the eight-LED flasher circuit, four LEDs will turn on
at once and then flash off as the four remaining LEDs come on. As before, just press S1 and hold closed
until all but one LED turns off; then the LEDs will begin their sequential march in a circle. You can connect
as many circuits in series as you like.

THREE-YEAR LED FLASHER

YHV R, 20
. o
LEDs
] HLMP-3300
VNIOKM
LA
IDEAS FOR DESIGN Fig. 32-2
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THREE-YEAR LED FLASHER (Cont.)

“Inserting two 1-M{2 resistors, R1 and R2, in the output stage of one of the circuit's inverters limits the
current needed by the oscillator to ne more than a few pA. This circuit includes a CD4007 package, which
has three CMOS inverters. it forms a standard three-inverter oscillator. Resistors R1 and R2, in series
with separate drains on inverter pins 8 and 13, limit the oscillator’s supply current. Capacitor C1 and resis-
tors R5 set the off time of the oscillator, C1; R6 sets the on time. A VN10KM smail-power FET, current-
limited by R4, drives two HLMP-3300 LEDs. The LEDs consume about 20 mA for 1 ms. Their average
current determines battery life. Since the LEDs in the circuit flash at 1 Hz, the average current drain is
about 1/1000 of 20 mA, or 20 pA. A 9-V battery should last about three years at the current drain—essen-
tially the shelf life of an alkaline battery.

SCR RING COUNTER
+120Vdc O—- + - — <
™
0.01 uF
34-7 (—_L 120V 3 120V 120v 3 120
G 2W = aw aw g/ W aw
3.9K
STAHT_!
0.47 uF 0.47 uF 0.47 uF 0.47 uF
1L " I 1
n | 1 L}
1N47444| $ 33k 33K 33K
HEgF;o; oA Ntz 2N4442 )2N4442
OR | OR
HEP 310 |01 mep gze |01 HF HEP 822 01 uF HED 822
1N4002 1N4002 1N4002
OR & 3K OR K- OR
HEP 156 HEP 156 HEP 156
S T 5 | ALL CAPACITORS 200V
S MYLAR EXCEPT AS
NOTED
EDN Fig. 32-3

One lamp at a time is lit in the string to give the appearance of a moving point of light.
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ASTABLE MULTIVIBRATOR

Ui
4047
MULTIVIBRATOR

.||—0

The 4047 is configured as a free-running, asta-
ble-multivibrator {oscillator) circuit. That configura-
tion, offers three different outputs. The output
puises at the @ and Q output (pins 10 and 11,
respectively) are the same as in the previous two
circuits. The third output at pin 13 pulses twice as
often as the outputs at 10 and 11. So, the circuit
can be used to simultaneously provide both posi-
tive- and negative-trigger signals since the Q and 0
output are never in the same state, and a clock fre-
quency. Thus, the 4047 can replace hoth a simple
oscillator (the 555, for instance) and a flip-flop in
some applications.

POPULAR ELECTRONICS Fig. 324
AC FLASHER SINGLE-LAMP FLASHER
+6V
. 0
E Q1 = 2N220
OR HEP 841 (MGTOROLA)
Q2 = 2N307
OR HEF 230 (MOTOROLA)
117Vac
SG uF
N 150V T 0.5uF T
R T oo ' -
LAMP {120V}

Fig. 32-5

This ac line-operated flasher uses an SCR and
is capable of flashing a large lamp. Flashing rate is
determined by the 10-K{} resistor and the 50-mF
capacitor, Increasing or decreasing the value of the
capacitor has a corresponding effect on the flash
rate.

EDN

=

EDN Fig. 32-6

The ilash rate is controlled by a complemen-
tary multivibrator consisting of an npn and a pop
transistor.
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SCR CHASER

“ END SEQUENCE 5
+120V e Grr —olo 1 — S
< M 120v 120V 120V 1207
aw w w aw
—5
1 S INd4a2
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INAT44A INZGA8 I3k 23K hdadr 2 3% HEP 522
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HEP 807 sramt T | 01eF wepezz |01 6F nep 622 | O14F
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{sov —I mon 1k m;goz % 1k 'N;:,w :Ew
T HEF 156 HEP 166 HEFP 156 HEP 158
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EDN Fig. 32-7
Each lamp lights in succession to give the appearance of a growing columm.
SCR FLASHER
L1
#312 12K
L
\
C3
2uF
H ) Q3
Ca
O1uF
1L
AW
- o>
— Q1 = 2N4870
= Q2. Q3 =2N4441
EDN Fig. 32-8

This dc flasher uses two SCRs and a unijunction oscillator clock to set the flash rate, which can be
varied by changing the value of C1.
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INCANDESCENT LIGHT FLASHER FIVE-LAMP NEON FLASHER

Y

u1
LMI808

/1

AAA

Y

c1
420 uF/
g voe

POPULAR ELECTRONICS

+ 150V
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J 1
1
TuF* 2uF ™ 2uF * 2uF*
NE2 NE2 NE2 NE2 NE2

- 2uF ™
IL
"

200V MYLAR
EDN Fig. 32-10

Fig. 32-9 In this circuit, the number of lamps can be in-
creased almost without limit.

ALTERNATING LED FLASHER

VoD
vV

TLCBBS | R3
1kn
X LED1
TiL220

R4

1k

:; LED2
TIL220

Reprinted by permission of Texas instruments. F.lg. 32-11
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ALTERNATING LED FLASHER (Cont.)

“The timing components are R1, R2, and C,. C1 is a bypass capacitor used to reduce the effects of
noise. At start-up, the voltage across C, is less than the trigger level voltage (/s Vpp), causing the timer to
be triggered via pin 2. The output of the timer at pin 3 increases, turning LEDL off, LED2 on, the dis-
charge transistor at pin 7 off, and allowing C, to charge through resistors R1 and R2. When capacitor C;
charges to the upper threshold voltage (3/3 ¥p,), the flip-flop is reset and-the output at pin 3 decreases.
LED1 is turned on, LED2 is turned off, and capacitor C, discharges through resistor R2 and the discharge
transistor. When the voltage at pin 2 reaches 1/ Vpp, the lower threshold or trigger level, the timer trig-
gers again and the cycle is repeated.

The totem-pole output at pin 3 is a square wave with a duty cycle of about 50%. The output alter-
nately turns on each LED at slightly less than one blink per second. If the unit is battery operated, the
TLC555 uses minimum current to produce this function. With a 9-V battery, the circuit draws 5 mA (no
load) and 15 mA when turning on an LED. Most of the on current is for the LED.

CMOS FLASHER
s
Kl T0
e 46 —16VDE
FY kot - SOURCE

R
K +03
04— :Iiluo
e
&A1 =
P
$220¢
LED2

K4
//'1

il

HANDS-ON ELECTRONICS Fig. 32-12

Uses a low cost CMOS IC to turn four LEDs on and off at a rate that is set by the values of R1, R2,
Cl1, and C2. The pulse rate for the component values given for R1 and R2 is about one cycle every four
seconds. By lowering the values of R1 and R2 to 220 K£2, the pulse rate increases to 1 Hz, The LEDs flash
in pairs, with LED1 and LED4 turning together for one half of the time period, while LED2 and LED3 are
on for the other half. The on/off duration of each pair of LEDs can be increased or decreased by changing
the value of one of coupling capacitors C1 or C2. Increasing either capacitor’s value by a factor of 10 will
also increase the ON time of a pair of the LEDs for about the same factor.
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60-W FLASHING LIGHT

o " +12V
™ 12V
ZTX212 () 12
047 00K
300K 1
f |
y
047 ZTX4!
M 2NB1N
Z:eTeX, tormerly FERRANTI Fig. 32-13

The 2N6101 transistor should be mounted on a
small heatsink. The 300-K{} resistor controls the
off period and might need to be adjusted if transis-
tor gains are high. The 100-K$ resistor controls

the on period.

ALTERNATING LED FLASHER
+Hv

L

e a1
2N3906
b c
c 2
1€
R1
2200
R3
100K
J 7% LEDY

POPULAR ELECTRONICS = Fig. 32-15

The alternating LED flasher is simply a two-

transistor oscillator with LEDs connected -to the
collector of each transistor, so that they light in
time with the circuit’s oscillations.

TWO-STATE NEON OSCILLATOR

+ 150V

I

2uF

IL
LLY

NE2 NE2

-III--—-i-

* 200V MYLAR

EDN Fig. 32-14

The number of lamps is easily increased in this

osciliator.

TRANSISTOR FLASHER

+15V

#327

RCA RCA
* 2N3053 2N3053 *
* MOTORGLA I
HEP243 MAY BE -COMMON

USED AS SUBSTITUTE
EDN

This astable multivibrator uses incandescent
lamps in piace of collector load resistors. The lamps
flash on and off alternately.

Fig. 32-16
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MINIMUM COMPONENT FLASHER

ELECTRONIC DESIGN Fig. 32-17

Opening S, changes the indicator lamp from
flashing to steady-lit condition. The 8-V incandes-
cent lamp on the collector of Q2 requires about 0.3
A. A 1-K22 load resistor limits Q1’s collector cur-
rent to about 6 mA, The circuit is, therefore, asym-
metrical with respect to the on currents of the
transistors, allowing use of a much smaller transis-
tor for Q1 than for Q2.

LAMP FLASHER

#- + 12V
I2
1w
<t
v
RZ <
22MEG 3
< R cl
¥ 22MEG 1
1}
a
5 1RFST1
1 [
= 2
A
I Fig. 32-18

POPULAR ELECTRONICS/HANDS-ON ELECTRONICS

The circuit is built around two power FETs,
which are configured as a simple astable multivibra-
tor to alternately switch the two lamps on and off.
The rc values given sets the flash rate to about 1/3
Hz. By varying either the resistor or capacitor val-
ues, almost any flash rate can be obtained. Increase
either C1 and C2, or R1 and R2, and the flash rate
slows. Decrease them and the rate increases.
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Flow Detector

m

’Ele sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Low Flow-Rate Thermal Flowmeter
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LOW FLOW-RATE THERMAL FLOWMETER
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LINEAR TECHNOLOGY CORP. Fig. 33-1

This design measures the differential temperature between two sensors. Sensor T1, located before
the heater resistor, assumes the fluid’s temperature before it is heated by the resistor. Sensor T2 picks up
the temperature rise induced into the fluid by the resistor's heating. The sensor’s difference signal
appears at Al’s output. A2 amplifies this difference with a time constant set by the 10 M$2 adjustment. Fig.
33-1c shows A2's output versus flow rate. The function has an inverse relationship. A3 and A4 linearize
this relationship, while simultaneously providing a frequency output. A3 functions as an integrator that is
biased from the LT1004 and the 338-KQ input resistor. Its output is compared to A2’s output at A4. Large
inputs from A2 force the integrator to run for a long time before A4 can increase, turning on Q1 and reset-
ting A3. For small inputs from A2, A3 does not have to integrate long before resetting action occurs. Thus,
the configuration oscillates at a frequency which is inversely proportional to A2’s output voltage. Since this
voltage is inversely related to flow rate, the oscillation frequency iinearly corresponds to flow rate.
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34

Fluid and Moisture Detectors

’I‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Fluid-Level Control

Flood Alarm or Temperature Monitor
Water-Level Sensor and Control
Dual Liquid-Level Detector

Soil Moisture Meter

Liquid-Level Checker

Liquid-Level Monitor
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FLUID-LEVEL CONTROL
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NATIONAL SEMICONDUCTOR CORP. Typlcal Probe Installation Fig. 34-1

This circuit is designed to detect the presence or absence of aqueous fluids. An ac signal generated
on-chip is passed through two probes within the fluid. A detector determines the presence of the fluid by
using the probes in a voltage divider circuit and measuring the signal level across the probes. An ac signal
is used to prevent plating or dissolving of the probes as occurs when a de signal is used. A pin is available
for connecting an external resistance in cases where the fluid impedance is not compatible with the inter-
nal 13-K} divider resistance.
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FLOOD ALARM OR TEMPERATURE MONITOR

n
PRI SEC GLASS PROBE __ P2
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TAB BOOKS 8! Fig. 34-2

Filtered 15 Vdc is applied to a series circuit consisting of thermistor R2 and parallel combination of
resistors R1 and R3. Transistor Q1 acts as a switch whose state is determined by the setting of potentiom-
eter R3, which is first set so just enough current flows into the base to switch on when the thermistor is in
contact with air. When the resistance of the thermistor decreases, the voltage at the base of Q1 rises.
When the base current reaches the preset level, the transistor conducts and passes current through the
reed relay coil, closing the reed relay contacts. Current at the base of transistor Q1 is determined by the
environment into which the termistor is inserted.

WATER-LEVEL SENSOR AND CONTROL

I17VAC{ LOAD

60 Hz

& -
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o+ scm“ 1.2A MT2
4 C106 R
1MEG S | CPart ;mlun
+ g i
SENSITIVITY i
i
R1 € R2 L4
0w 10003
Water Level Sensor
HANDS-ON ELECTRONICS Fig. 33-3
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WATER-LEVEL SENSOR AND CONTROL (CONT)

.. When the water level is low, the probe is out of the water and SCR1 is triggered on. It conducts and
imposes a heavy load on transformer T1’s secondary winding. That load is reflected back into the primary,
gating triac TR1 on, which energizes the load. If the load is an electric valve in the water-supply line, it will
open and remain open until the water rises and touches the probe; this shorts SCR1’s gate and cathode,
thereby turning off the SCR1, which effectively open-circuits the secondary. That open-circuit condition,
when reflected back to the primary winding, removes the triac’s trigger signal, thereby turning the water
off.

DUAL LIQUID-LEVEL DETECTOR

100K
] ] +15V
AR 1
+15V
0.1pF
HIGH 240K
LEVEL

Ya
05V) 100K CA3410

LED ON WHEN WATER
CUTSIDE OF LIMITS
LOW
LEVEL
GE/RCA Fig. 34-4

Uses CA3410 quad BiMOS op amp to sense small currents. Because the op amp’s input current is
low, a current of only 1 uA passing through the sensor will change the converter’s output by as much as 10
tol2 V.
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SOIL MOISTURE METER
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Fig. 34-5

Reprinted with permission from Radio-Electronics Magazine, June, 1988. Copyright Gsrnsback Publications, Inc., 1988.

IC1, an Intersil ICL7106, contains an a/d converter, a 31/z-digit LCD driver, a clock, a voltage refer-
ence, seven segment decoders, and display drivers. A similar part, the ICL7107, can be used to drive
seven segment LEDs. The probe body is a five-inch length of light-weight aluminum tubing. The leads
from the circuit are connected to the body and tip of the probe. The sensor functions as a variable resistor
that varies Q1’s base current, hence its collector current. The varying collector current produees a vary-
ing voltage across 100 {2 resistor R7, and that voltage is what IC1 converts for display.

The LCD consumes about 25 pA, and IC1 consumes under 2 mA, so the circuit will run for a long
time when it is powered by a standard 9-V battery. Current drain of the two 1.5-V AA cells is also very
low: under 300 pA.

‘To calibrate, rotate R3 to the center of its range. Then place the end of the probe into a glass of water
and adjust R8 for a reading of 100. When you remove the probe from the water, the LCD should indicate
000. You might have to adjust R3 slightly for the display to indicate 000. If so, readjust R8 with the probe
immersed. Check for a reading of 000 again with probe out of water.
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LIQUID-LEVEL CHECKER
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Although many circuits use the varying-capacitance method for checking liquid levels, this simple
resistive circuit is much easier to construct. Even a tank of a liquid, such as water, has sufficient conduc-
tive saits in solution for this method to work. The probe uses a metal rod that supports 10 insulated wires,
which have stripped ends pointing down. As the level of liquid rises, resistors R1 through-R10 are succes-
sively brought into circuit, each drawing an extra 10 A through the meter. Shunt resistors R11 and R13
calibrate the meter for a full-scale reading when the tank is full. Resistor R12 limits the current through the
meter, If tank isn’t rectangular—ie, if the volume of the liquid it contains isn't directly proportional to the

liquid’s depth—space the resistors accordingly or use a nonlinear progression of resistor values and retain
constant resistor spacing,
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LIQUID-LEVEL MONITOR
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ELECTRONIC DESIGN Fig. 34-7

This monitor uses a common 741 amp confi-
gured as a comparator and a low cost nontransistor
as an output driver. With no liquid detected, a volt-
age of about 2,92 V is present in the op amp’s
inverting input at pin 2. The 100-KQ resistors
establish a reference voltage of +2.5V at the non-
inverting input at pin 3 of the op amp. Under those
conditions, the op amp’s output is - 3.56 V, which
keeps the 2N2222 transistor turned off and the
voltage across its 1-KfQ output load resistor at 0 V.
When liquid reaches the probes, the 3.3-MQ and
22-KQ resistor circuit conductively comnects to
ground. When enough current, about 1.4 gA, flows
through the liquid, the small 30 mV drop developed
across the 22-KQ resistor drives the op amp to
deliver an output voltage of about 4.42 V. This volt-
age then drives a 2N2222 transistor into saturation,
which generates a voltage drop of about 3.86 V
across its 1-KQ output load resistor.
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Followers

rﬁle sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

High-Frequency Inverting Follower
High-Frequency Noninverting Follower
Simple Follower

Voltage Follower
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HIGH-FREQUENCY INVERTING FOLLOWER

+ 8V

SIGNETICS 3.3pF Fig. 35-1

HIGH-FREQUENCY NONINVERTING FOLLOWER
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Frequency Multipliers and Dividers

’I}le sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Pulse-Width Multiplier
Frequency Doubler

Digital Frequency Doubler
Divide-by-11/2 Counter Divider
0Odd-Number Counter Divider
Single-Chip Frequency Doubler
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‘PULSE-WIDTH MULTIPLIER

710 : comparator
1k8 741, 531 : operational amp

470

ELECTRONIC ENGINEERING Fig. 36-1

Sampler Amplifier Inverter

This circuit for muitiplying the width of incoming pulses by a factor greater or less than unity is simple
to build and has the feature that the multiplying factor can be selected by adjusting one potentiometer only.
The multiplying factor is determined by setting the potentiometer in the feedback of the 741 amplifier. The
input pulses e;, width T and repetition period T is used to trigger a sawtooth generator at its rising edges
to produce the waveform e; having a peak value of E volts. This peak value is then sampled by the input
pulses to generate the pulse train e, having an average value of e; (= E4/ T which is proportional to T and
independent on T. The dc voltage e, is amplified by a factor & and compared with sawtooth waveform e,
giving output pulses of duration k7. The circuit is capable of operating over the frequency range 10
kHz —100 kHz. Note that & should be chosen less than 7/T to ensure accurate pulse-width multiplication.
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. FREQUENCY DOUBLER
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The output contains the sum component, which is twice the frequency of the input, since both input
signals are the same frequency.
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DIGITAL FREQUENCY DOUBLER
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The circuit doubles the frequency of a digital signal by operating on both signal edges. Each transition
causes exclusive-OR gate IC1 to produce a pulse, which clocks flip-flop IC3 after propagating through
buffers IC2C and IC2B. I you remove capacitor C1, the circuit produces narrow output pulses. By includ-
ing C1, you can obtain a desired duty cycle for a given input frequency fix. The C1 value for an approximate
50% duty cycle is:

1
Cl =
2R, fix
DIVIDE-BY-11/2 CIRCUIT
A
|NPUT'0—?— CLK Q
_ QUTPUT
[n] Q
1/25N7474 114SN7402
1/6SN7404 ;( *
D Q
1 8
CLK Q
1}2GN7474
INPUT
QOUTPUT =t
A
B
ELECTRONIC DESIGN —_— — Fig. 36-4
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DIVIDE-BY-11/= CIRCUIT (CONT))

_An input signal drives both SN7474 D-type flip-flops, which are positive edge-triggered devices. A
low-to-high input signal transition triggers the A flip-flop, while a high-to-low input signal transition triggers
the B flip-flop via the SN7404 inverter. Either flip-flop in the high state will cause the output to decrease
via the SN7402 NOR gate. This in turn disables the opposite flip-flop from going to the high state. The flip-
flop in the high state remains there for one clock period, then it is clocked low. With both flip-flops low, the
output increases, enabling the opposite flip-flop to be clocked high ene-half clock cycle later. This alternate
enabling and disabling action of the flip-flops results in a divide-by-11/2 function. That is, three clock pulses
in, produce two evenly spaced clock pulses out. The circuit has no lock-up states and no inherent glitches.
Replacing the NOR gate with an SN7400 NAND gate inverts the A, B, and output signals. By adding sim-
ple hinary or BCD counters, counting chains, such as divide-by-3, -6, -12, -24, -15, -30, etc., can be gen-
erated using the divide-by-11/2 circuit as a basis.

ODD-NUMBER COUNTER DIVIDER
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cLA ]
2 1
e,
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Y o
EDN Fig. 36-5

This circuit, shown symmetrically, divides an input by virtually any odd number. The circuit counts
+ 1/2 clocks twice to achieve the desired divisor. By selecting the proper #, which is the decoded output
of the L5161 counter, you can obtain divisors from 3 to 31. The circuit, as shown, divides by 25; you can
obtain higher divisors by cascading additional L5161 counters. The counter and IC5A form the n +1/2
counter. Once the counter reaches the decoded count, #, IC5A ticks off an additional 1/2 clock, which
clears the counter and puts it in hold. Additionally, IC5A clocks IC5B, which changes the clock phasing
through the XOR gate, IC1. The next edge of the input clocks IC5A, which reenables the counter to start
counting for an additional n + 1/2 cycles. Although the circuit has been tested at 16 MHz, a worst-case
timing analysis reveals that the maximum input frequency is between 7 and 8 MHz.
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v SINGLE-CHIP FREQUENCY DOUBLER
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The frequency doubler uses only one IC. Like other doublers, this circuit uses both the rising and
falling edges of the input signals to produce digital pulses, thus effectively doubling the input's frequency.

Without the rc networks at IC1 inputs, IC1 would not produce any output pulses. However, the rc
networks delay one edge with respect to the other. The A input lags the B input for positive-going edges,
and the B input lags the A input for negative-going ones. You can vary the output duty cycle from 0 to
100% by varying R3. IC1’s minimum output pulse width defines the maximum frequency of this circuit.
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Frequency-to-Voltage Converters

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.
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FREQUENCY-TO-VOLTAGE CONVERTER

10k

EDN

O v,

—18v

Fig. 37-1

Six components can configure a circuit whose
output voltage is proportional to its input frequency.
The average current (Iyyg from the 40106 Schmitt
trigger inverter’s ground pin 8 is linearly dependent
on the frequency at which C0is discharged into the
op amp’s summing junction. The op amp forces this
current to flow through the 13.33-K feedback
resistor, producing a corresponding voltage drop.
This frequency-to-voltage converter yields 0 to
—10 V output with 0 to 10 kHz input frequencies.
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Function Generators

’E]e sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Precision One Shot

Linear Triangle-Wave Timer

Four-Qutput Waveform Generator

Function Generator

Classic Op Amp Astable Multivibrator

Programmable Triangle-/Square-Wave
Generator

Noninteger Programmable Pulse Divider

XOR Gate Complementary Signal Generator

Low-Cost FSK Generator

Harmonics Generator

Low-Frequency FM Generators

Positive-Triggered Monostable

Precision Andio Waveform Generator

Monostable Multivibrator

Versatile 2¢ Pulse Generator

Fixed-Frequency Generator

Single-Supply Multivibrator

Easily Tuned Sine-/Square-Wave Oscillator

Astable

Two-Function Signal Generator

Triangle Generator

Monostable Operator

Programmable-Frequency Free-Running
Multivibrator

Function Generator

Programmable-Frequency Astable

Linear-Ramp Monostable

Low-Frequency Multivibrator

Retriggerable One Shot

Astable Multivibrator

Single-Control Function Generator

Triangle-/Square-Wave Generator

Variable Duty Cycle Timer

Basic Function Generator

Wide-Range Tunable Function Generator

Sawtooth and Pulse Generator

Precise Triangle/Square-Wave Generator

Wide-Range Triangle/Square-Wave Generator
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PRECISION ONE SHOT

AA A

T10k
t5Y 10k
% a7k

1N914

2Nz222A 100K

sV

15V

i Rerocram 33k gy
2
+ 8
33k 7

LM311

- / |C‘ TTL OQUTPUY
s a7k
-
— 15V f¥N914

EDN Nl ZNz2zza Fig. 38-1

If you need a wide-range, resistor-programmable monostable multivibrator, you can program the cir-
cuit for pulse widths from 1 us to 10s—10":1 range. A high-to-low transition at the input causes IC1's
output to switch low, thereby turning off Q1 and Q2. With the latter transistor turned off, IC3’s output
increases and the output of IC2 begins to ramp toward the negative supply level at a rate determined by the
0.01-uF capacitor and the programming resistor. When IC2’s output voltage reaches -5V, IC3’s output
switches low. If you anticipate input pulses shorter than the desired output pulses, Q3 is necessary. This
transistor keeps IC1s input low while an output pulse is present, thereby preventing inadvertent resetting
of the one shot.

LINEAR TRIANGLE-WAVE TIMER

V3 Using one current source for the charge and
discharge path in this circuit ensures identical rise
and fall times at the capacitor terminal. A
Darlington pair ensures identical biasing of the IC
during the charge and discharge cycles. The period
of the triangle wave is: T = 0.46VCI/R2. V¢
must be at least 8 V to maintain linearity. At the
output at pin 3 of the IC timer, a 50% duty-cycle
square wave, frequency tunable by RZ alone,

i appears.
Fig..38-2
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Fig. 38-3

Many applications require control signals that have phase shifts with reference to an input signal. Cir-
cuit accepts a sine, square, or triangular wave as an input reference signal and produces square-wave out-
puts with 0°, 90°, 180°, and 270° phase shifts with respect to the input. Figure 38-3B shows the input
and output waveforms. The circuit contains two ICs: an LM565 phase-locked loop and a 7474 dual-D posi-
tive edge-triggered flip-flop. R1 and C1 set the free-running frequency of the LM565’s VCO. You should
adjust R1 so that the frequency is approximately four times that of the input reference signal. The LM565
responds to input signals greater than 10 mV pk-pk; 3 V pk-pk is the chip’s maximum allowable input level.
Q1 matches the LM565's output to the flip-flops’ inputs. The flip-flops’ outputs provide the TTL-compati-
ble square-wave signals with 0°, 90°, 180°, and 270° phase shift with reference to the input signal.
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FUNCTION GENERATOR
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POPULAR ELECTRONICS/HANDS-ON ELECTRONICS Fig. 384

This circuit can output sine, square, and triangular signals of from 15 Hz to 25 kHz in three ranges.
The circuit is built around an 8038 function generator that produces the triangular- and square-wave out-
puts directly from an oscillator. The triangular output is then processed to develop the sine wave. While
that method doesn’t provide a sufficiently low level of distortion to let you make distortion measurements
on audio gear, the degree of purity is high enough for frequency-response tests and a lot of other audio
analysis. Three switched capacitors, C2 to C4, set the circuits frequency range via switch S1. Variable
resistor R9 and resistor R1 provide the voltage for controlling the charge and discharge rates of the timing
capacitor selected. Resistors R4 to R6 control the charge and discharge currents. Resistor R5 can be
adjusted to provide a 1.1 mark/space ratio.

CLASSIC OP AMP ASTABLE MULTIVIBRATOR
OV +

100K

Uses CA3130 BiMOS op amp that operates at
a frequency of 1 kHz. With rail-to-rail output swing,
frequency is independent of supply voltage, device,
and temperature. Only the temperature coefficient
of Ry and Cy enters into circuit stability.

QUTPUT

GE/RCA -

ALL RESISTANCE VALUES ARE IN OHMS Fig. 38-5
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PROGRAMMABLE TRIANGLE-/SQUARE-WAVE GENERATOR
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ELECTRONIC ENGINEERING 15V Fig. 38-6

The programmable multiple output generator provides the control signals for data converter ATE.
Major performance criteria are simple, interfaces to a number of microprocessor systems, low power con-
sumption, stable output timing relationships combined with a minimum of board space. For schematic sim-
plicity only, one output circuit is shown in full.

The monolithic HS7584 provides four current output DAC’s with four quadrant multiplication, individ-
ual reference input and a feedback resistor. The digitally controlled integrator’s frequency is determined
by:

f= Digital Input
~ 4RC
Cis the value of C1 to C4 and R is the resistance of the DAC. With the four DACS on a single chip, the
resistance matching is good, which results in stable timing relationships of the generator outputs. The out-
put of the comparator A2 determines whether the constant current source provided by A3 and A4 is posi-
tive or negative.
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NONINTEGER PROGRAMMABLE PULSE DIVIDER
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The purpose of D-type flip-flop IC2 is to synchronize the input signal with the clock pulse. When the
clock pulse changes from low to high and the input is high, IC2 output is high. Subsequently, IC3 resets to
zero and starts counting up. Until the counter counts to ten, the counter is inhibited. Thus, the number of
pulses of the output of IC3 is ten times input pulse. The designed frequency of the clock pulse must be ten
times higher than the maximum frequency of the input. IC4 and IC5 are cascaded to form a-two decade

‘programmable down counter. Since the number of puises appearing at the input of the down counter is ten
times the input to the divider, the effective range of the diviscr for this divider is 0.1 to 9.9.

XOR GATE COMPLEMENTARY SIGNALS GENERATOR

N O— J-_JD_—O ouT

Vee

EON Fig. 38-8

Some applications, such as driving three-state
buffers for data multiplexers or for biphase clocks in
high-speed systems, require complementary sig-
nals having a small-time skew and nearly simultane-
ous transitions. Here, XOR gates function as both
inverting and noninverting gates. For CMOS sys-
tems, practically any type of XOR gate will work.
However, the advanced-CMOS logic (ACL) families
have the greatest drive capability, the shortest gate
delays, and the tightest manufacturing tolerances.
For TTL systems, compatible CMOS types such as
the ACT or S/AS86 families are preferable. Do not
use low-power TTL versions (LS or ALS), because

-they have large propagation delay differences when

one XOR gate is inverting and the other is nonin-
verting.
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- LOW-COST FSK GENERATOR
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ELECTRONIC ENGINEERING Fig. 38-9

In FSK, two discrete frequencies are used to represent the binary digits 0 and 1. The heart of the
circuit consists of two Wien-bridge oscillators built using a dual op amp LM 1458, for the two frequencies.
The two frequencies are enabled corresponding to digital data using two switches in SCL 4016. The con-
trol lines of these switches are logically inverted with respect to each other using one of the switches in
SCL 4016 as an inverter, so as to enable only one oscillator output at a time. The digital bit stream is used
to control the analog switches as shown. Since the switching frequency limit of SCL 4016 is 40 MHz, high-
data rates can be easily accommodated. This method comes in handy when expensive FSK generator
chips are not readily available; also, the components used in this circuit are easily available off the shelf and
are quite cheap.
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HARMONICS GENERATOR
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ELECTRONIC DESIGN (-5Yi0 +5V) = *A1, A2, matched LM339 comparator

Two comparators and a summing amplifier that generate differential harmonic spectra comprise a sim-
ple frequency multiplier. The resulting circuit can extract harmonics from a sine, triangle, sawtooth, or any
other sloping-sided waveform.

With a sloped-input waveform, a comparator produces an output pulse width that’s proportional to the
input amplitude plus a reference voltage. Changing the reference can vary the pulse width from 0 to 100%.
As the pulse width changes, the harmonic spectrum changes, but two comparators combined in the adder
eliminate harmonics, depending on the duty cycle. For example, a 50% pulse will lack all the even-num-
bered harmonics. Similarly, a 25% duty-cycle pulse will be missing multiples of the fourth harmonic and
deliver the second, sixth, and tenth harmonics. Accordingly, the circuit generates multiples of -the input
frequency that might not have existed in the input waveform. Adjusting the references can create virtually
any harmonic.

Because comparators Al and A2 supply differential inputs to the added A3, the adder cancels out
equal harmonics. Therefore, both Al and A2 should have identical ac characteristics, and A3 should have
good common-mede rejection and a high slew rate. In particular, R1, R2, and R3 should match within
0.1%. Of course, the accuracy of the circuit depends heavily on the amplitude stability of the input.

LOW-FREQUENCY FM GENERATORS
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LOW-FREQUENCY FM GENERATORS (Cont.)

Here are two FM generators for low frequency, less than 0.5 MHz center frequency, applications.
Each uses a 566 function generator as a modulation generator and a second 566 as the carrier generator.
Capacitor C1 selects the modulation frequency adjustment range and C1 selects the center frequency.
Capacitor C2 is a coupling capacitor which only needs to be large enough to avoid distorting the modulating
waveform. If a frequency sweep in only one direction is required, the 566 ramp generators given in this
section can be used to drive the center generator.

POSITIVE-TRIGGERED MONOSTABLE
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Reprintad by permission of Texas Instruments. F‘g. 38-12

A positive-going trigger pulse can be used to start the timing cycle with the circuit shown. In this
design, trigger input pin 2 is biased to 6 V (1/2 Vpp) by divider R1 and R2. Control input pin 5 is biased to 8
V (2/3 Vpp) by the internal divider circuit. With no trigger voltage applied, point Ais at 4 V (1/s Vop). To
turn the timer on, the voltage at point A has to be greater than the 6 V present on pin 2. Positive 5-V
trigger pulse V; applied to the control input pin 5 is ac coupled through capacitor C1, adding the trigger
voltage to the 8 V already on pin 5; this results in 13 V with respect to ground. The output pulse width is
determined by the values of R, and C;.

When voltage at point A is increased to 6.5 V, which is greater than the 6 V on pin 2, the timer cycle is
initialized. The output of timer pin 3 increases, turning off discharge transistor pin 7 and allowing C; to
charge through resistor R,. When capacitor C; charges to the upper threshold voltage of 8 V (2/3 ¥pp), the
flip-flop is reset and output pin 3 decreases. Capacitor C, then discharges through the discharge transistor.
The timer is not triggered again until another trigger pulse is applied to contrel input pin 5.

229



PRECISION AUDIO WAVEFORM GENERATOR
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Fig. 38-13

This circuit generates sinusoidal, square, and triangle waveforms simultaneously. Set the frequency to
a particular value or vary it, as-shown above. An op amp can be added for extra drive capability and simpli-
fied amplitude adjustment. A simple comparator, slicing the triangle waveform, provides continuous duty
cycle adjustment at a constant frequency.

MONOSTABLE MULTIVIBRATOR

Ry Rz
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INPUT ;;ﬂK
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Ry ~ 54K1)

- ¢,
1000pF

Fig. 38-14

The circuit illustrates the usefulness of the HA-
5151 as a battery-powered monostable. In this cir-
cuit, the ratio is set to .632, which allows the time
constant equation to be reduced to:

T = RtC!

D2 is used to force the output to a defined state
by clamping the negative input at +0.6 V. Trigger-
ing is set by C1, R3, and D2. An applied trigger
pulls the positive input below the clamp voltage,
+0.6 V, which causes the output to change state.
This state is held because the negative input cannot
follow the change because of R, * C,. This particu-
lar circuit has an output pulse width set at approxi-
mately 100 ps. Use of potentiometers for R, and
variable capacitors for C, will allow for a wide varia-
tionin T.
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VERSATILE 2¢ PULSE GENERATOR
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FIXED-FREQUENCY GENERATOR
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HANDS-bN ELECTRONICS/POPULAR ELECTRONICS

A single op amp, one fourth of an LM324 quad
op amp, is configured as a standard inverting ampli-
fier. At power up, a positive voltage is applied to the
noninverting input of U1, via R3, forcing its output

high. That high output travels along three paths.

The first path is the tone output. Along the second
path, by way of R5, that high is used as the drive

signal for BZ1. In the third path, the high cutput of
U1 is fed back, via R4, to the inverting input of UL.
That forces Ul’s output to go low. And that low,
when fed back to the inverting input of Ul, causes
the op amp output again to a high, and the cycle
repeats itself. As configured, Ul provides a voltage
gain of 4.7 {gain = R4/R1).

The outer ring of the piezo element is usually
connected to the circuit ground. The large inner cir-
cle serves as the driven area, and the small elon-
gated section supplies the feedback signal. Resistor
R5 sets BZ1’s output-volumne level. That level can
be increased by decreasing R5 for example, to 470
Q. To decrease the volume, increase R5 to about
2.2 K, or so.

Resistors B2 and R3 set the bias for op amp
U1’s positive input pin 3 to half of the supply-volt-
‘age level. That allows for-a maximum voltage swing
at U1’s output. Although a quad op amp is speci-
fied, almost-any similar low cost single or dual op
amp will work for Ula.
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SINGLE-SUPPLY MULTIVIBRATOR
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This mudtivibrator uses a CA3420 BiMOS op amp to provide improved frequency- stability. The output
frequency remains essentially independent of supply voltage. Because of the inherent buffering action of
pin 6, frequency shift is approximately 0.2% when R, varies between zero {1 to infinity.

EASILY TUNED SINE-WAVE/SQUARE-WAVE OSCILLATOR
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EASILY TUNED SINE-WAVE / SQUARE-WAVE OSCILLATOR (Cont.)

"The circuit will provide both a sine- and square-wave output for frequencies from below 20 Hz to
above 20 kHz. The frequency of oscillation is easily tuned by varying a single resistor. This is a consider-
able advantage over Wien-Bridge circuits where two elements must be tuned simultaneously to change
frequency. Also, the output amplitude is relatively stable when the frequency is changed. An amp is used
as a tuned circuit, driven by square wave from a voltage comparator. The frequency is controlled by R1,
R2, C1, C2, and R3, with R3 used for tuning. Tuning the filter does not affect its gain or bandwidth, so the
output amplitude does not change with frequency.

A comparator is fed with the sine-wave output to obtain a square wave. The square wave is then fed
back to the input of the tuned circuit to cause oscillation. Zener diode, D1, stabilizes the amplitude of the
square wave fed back to the filter input. Starting is insured by R6 and C5 which provide dc negative feed-
back around the comparator. This keeps the comparator in the active region. Distortion ranges hetween
0.75% and 2% depending on the setting of R3. Although greater tuning range can be accomplished by
increasing the size of R3 beyond 1 K, distortion becomes excessive. Decreasing R3 lower than 50 {} can
make the filter oscillate by itself.
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J_' | L, multivibrator. The ext.ernal capacitor charges
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Reptinted with permission from Raytheon Co., Semicenductor Division.

Fig. 38-19
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You can continuously vary the frequencies of the triangle and square waves produced by this circuit
over a full decade. If RS = R3, the amplitude of the two waveforms will be equal (A4 sQuaRE = ATriANGLE)-
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> I—l& pk-pk triangle waveform which is summed with a de
= L e level and connected to the a/d analog input for
A 0 OSCOPE noise/DNL testing. The dc level input offsets the
AT-A¢ ICLISAIBCPD o > X INPUT triangle waveform over the input range of the ADC.
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Fig. 38-21

The 10-mV amplitude amounts to an 8 L.SB span
for a 12-bit, 5-V, full-scale ADC.
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MONOSTABLE OPERATION
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Fig. 38-22
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In this mode, the timer functions as a one shot.
The external capacitor is initially held discharged by
a transistor internal to the timer. Applying a nega-
tive trigger pulse to pin 2 sets the flip-flop, driving
the output high, and releasing the short circuit
across the external capacitor. The voltage across
the capacitor increases with the time constant r =
R,C to 2/3 Vs, where the comparator resets the
flip-flop and discharges the external capacitor. The
output is now in the low state.

Circuit triggering takes place when the nega-
tive-going trigger pulse reaches /3 ¥; the circuit
stays in the output high state until the set time
elapses. The time the output remains in the high
state is 1.1 R,C and can be determined by the
graph. A negative pulse applied to pin 4 (reset} dur-
ing the timing cycle will discharge the external
capacitor and start the cycle over again beginning
on the positive-going edge of the reset pulse. If
reset function is not used, pin 4 should be con-
nected to ¥; to avoid false resetting.

PROGRAMMABLE-FREQUENCY, FREE-RUNNING MULTIVIBRATOR
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HARRIS Fig. 38-23

This is the simplest of any programmable oscil-
lator circuit, since only one stable timing capacitor
is required. The output square wave is about 25 V
pk-pk, and has rise and fall times of about 0.5 ps. If
a programmable attenuator circuit is placed
between the output and the divider network, 16
frequencies can be produced with two HA-200’s
and still only one timing capacitor.
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This generator will supply sine, triangular, and square waves from 2 Hz to 20 kHz. This complete test
instrument can be plugged into a standard 110 Vac line for power. Vup will be up to +25 V (50 V pk-pk
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across loads as small as 10 © (about 2.5 A maximum output current).

Capacitor working voltages should be greater than 50 Vdc and all resistors should be /2 W, unless
otherwise indicated. The interconnecting leads from the 741 pins 2 and 3 to their respective resistors
should be kept short, less than 2 inches if possible; longer leads might result in oscillation. Full output
swing is possible to about 5 kHz; after that the output begins to taper off because of the slew rate of the
741, until at 20 kHz the output swing will be about 20 ¥,,+10 V. This problem can be remedied by simply

using an op amp with a higher slew rate, such as the LF356.
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‘PROGRAMMABLE-FREQUENCY ASTABLE

+

T J HEYV
82 I8t 2
A\
A\ iy 0te v
i " |outPut
LSB-BIT 4 {1)o V21V (6|8 15|13 |13 2| Ayy"
CONTROL)  BIT3 {2lo— $200k [T I8
WpuTS)  BITZiHle $ ITwa
$ 30 | el
Rre”~ L] Feook | 3]
a0k Rrs™ 7
1.6MEG
o =nf184
L nT—cT)
WHERE,

nis DIGITAL INPUTWORD: 1 <n <15
{AS SHOWN; WITH BASE Ry OF 1.6 MEG, 108 Hz <f; 1500 Hz),

POPULAR ELECTRONICS Fig. 38-25

LINEAR-RAMP MONQSTABLE

TIMING
1w ~ 15y DIAGRAM
T
*m 380 et L
R2 1 -—Vr
@_ 10K or L gy
[l 1
[l |
» Q-“__j ouTPUT_—_
Ir‘ 2N3INE R W - T e
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Zire ot s b 3
555 4
s Ve T 0K
cr* GND
0.014F :
r - ®
TRIGGER Vi
{CONTROL VOLTAGE)
*FOR V+ DF 15V:
T=¥ely 1 2dd
L T =0.24V Ry Cy
(AS SHOWN, Typax = | MSWITH Vg = 10V}
HANDS-ON ELECTRONICS Fig. 38-26

LOW-FREQUENCY MULTIVIBRATOR

R1

“Ri=RallRb 1M

GE/RCA

™

+15V =
ALL RESISTANCE VALUES ARE IN OHMS

T=10g¢c FOR
VALUES SHOWN

T = 2RCI |2R1
[RZ +1

Fig. 38-27

This circuit uses half the CA3290 BiMOS dual voltage comparator as conventional multivibrator, The
second half maintains frequency against effects of output loading. Large values of timing resistor, R1,

_assure long time delays with low-leakage capacitors.
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OPERATION
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OPERATION

38-28

ASTABLE MULTIVIBRATOR

(~ 400K Hz) where Fg~ 1/2RyCy
Q@ HIGH POWER OUTPUT

Ry
o |
500pf f LOW LEVEL SIGNAL
pac T0 ADDITIONAL AMPLIFIER
—C
p
]
249K & b Dt
L . 2
HARRIS = Fig. 38-29

The power bandwidth of the HA-5147 extends
the circuit’s frequency range to approximately 500
kHz. R, can be made adjustable to vary the fre-
guency if desired. Any timing errors because of Vg
or Iy, have been minimized by the precision char-
acteristics of the HA-5147. D1 and D2, if used,
should be matched to prevent additional timing
errors. These clamping diodes can be omitted by
tying R, and positive feedback resistor R, directly
to the output.

8.2K{}

SINGLE-CONTROL FUNCTION GENERATOR

CURRENT SOURCE

a5V

100KeE + 7.

VOLTAGE-CONIROLLED

SYMMETRY

HIGH FREQ.
SHAPE

+75V

EXTERNAL

5V

8.2K
+7.5V o—yé\',—wv—fvw-—y&_o 7.5V
“ 10KiL 5008 5000

MAX. FREQ)
SET

GE/RCA
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ADJUST
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7.5V o~ AVAAAA—0 + 7.5V +75V

>
K0 c4

HIGH FREQ, 4
LEVEL
ADJUST

2-1NA14
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Fig. 38-30




SINGLE-CONTROL FUNCTION GENERATOR (Cont.)

“This function generator, with an adjustment range in excess of 1,000,000 to 1, uses a CA3160 BiMOS
op amp as a voltage follower, a CA3080 OTA as a high-speed comparator, and a CA3080 as a programma-
ble-current source. Three variable capacitors, C1, €2, and C3 shape the triangular signal between 500 kH
and 1 MHz. Capacitors C4 and C5, and the trimmer potentiometer in series with C5, maintain essentially
constant (+ 10%) amplitude to 1 MHz.

TRIANGLE-/SQUARE-WAVE GENERATOR

.
- +
22 N
a4

co

Sguare

- .
. aad  Amplitude
e o Adjust

1K 20K
17/4RC4158

Iy +153V @
V2
A2 A
- A3
WK OV
Triangle
Wave

b Qutput,

1K
7
v —
Comparatar Integrator
5K
+15V
5 Vs
25K 0
“Optional — asymmetric ramp slopes utput
? yImERTc ramp slop -15v Difset
5K

Reprinted with permission from Raytheeh Ce., Semiconductor Division. Fig. 38-31

This circuit uses a positive-feedback loop closed around-a combined comparator and integrator. When
power is applied, the output of the comparator will switch to one of two states, to the maximum positive or
maximum negative voltage. This applies a peak input signal to the integrator, and the integrator output will
ramp either down or up, opposite of the input signal. When the integrator output, which is connected to
the comparator input, reaches a threshold set by R1 and R2, the comparator will switch to the opposite
polarity. This cycle will repeat endlessly, the integrator charging positive then negative, and the compara-
tor switching in a square-wave fashion.
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VARIABLE DUTY CYCLE TIMER

When configured as a free-running multivibra-
tor, a 555 timer provides no more than a 50% duty

Soc n;ser cycle. By adding two transistors, however, you can

5] contr oiscnlZ obtain' a variable 5 to 95% duty cycle without

o E;_E— changing the sum of the on and off times. When
' I iCh Fa Vour decreases, Q1 is on and Q2 is off, disconnect-
< 556 6 100 s, ing V+ while timing capacitor C2 discharges into

THR Ry . .
| | 5.10« pin 7 of the timer. When Vyyr increases, Q2 recon-
Vour 3 TRIG S Ca

 OUT :[0_33 uF nects \{+ _for r.echargil_]g C:Z. '

1 Adjusting linear trimming potentiometer R3 to
i increase the charging resistance increases the on
time, but decreases the off time by the same
amount by lowering the discharge resistance (the
converse is also true). As a result, the sum of the
on and off times remains constant. R2 protects Q2
and the timer against high-charge/discharge cur-
rents.

Ry -
22k

EDN

2K 2K

4-15V

0.0012

ALL RESISTANCE VALUES ARE IN OHMS

BASIC FUNCTION GENERATOR
10Hz TO 20kHz

GE/RCA Fig. 38-33
This function generator uses a CA3260 BIMOS op amp to perform both the integrator and switching

functions. A 620-pF capacitor and 2-KQ resistor shape feedback square wave to reduce spikes. Full audio
spectrum, 10 Hz to 20 kHz, is covered with a single 102 potentiometer. Requires 9-V battery.
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WIDE-RANGE TUNABLE FUNCTION GENERATOR

- v
¢y TRIANGLEWAVEN "N gy
AV oTouF L
RS vV L sovarewave [T T
1K o] lebl
R [I—
. . -y T e
1 TIMING DIAGRAM
<8 Io.ms iagc
fo 1o B F0K = TRIANGLEWAVE
il ! TRIAN
T Rapcl [+ 8 OUTPUT
{AS SHOWN, f IS e[ R v+
VARIABLE FROM TH 3
SQUARE WAVE
O
10 Hz TO 50 kHz.) 2|1p 01?7 OUTPUT 1
665 .y |8
< R/3 < 3 ! ‘
2k : - L Lt | sovanewave
A ; "Ro.IuF| ouTPUT2
< 2v]
$15K o~
t =12 = BRppely
= T=ty +1, 2 10R,p.C,
HANDS-ON ELECTRONICS Fig. 38-34
SAWTOOTH AND PULSE GENERATOR
ver
oG Q
Q
i:.ﬂl
o
o LI LI e
0
/\/\/wm
p—r—
b. Negative Sawtooth
SIGNETICS Fig. 38-35

The pin 3 output of the 566 can be used to provide different charge and discharge currents for C1 so
that a sawtooth output is available at pin 4 and a pulse at pin 3. The pnp transistor should be well saturated
to preserve good temperature stability. The charge.and discharge times can be estimated by using the
formula:
__RrCiVee
5Vee—- Vo)
where Ry is the combined resistance between pin 6 and Ve for the interval considered.
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PRECISE TRIANGLE-/
SQUARE-WAVE GENERATOR

e
. 1cL7621

DUTY CYCLE
880KL

A
Vi

Wiy EFORM GENERATION

INTERSIL Fig. 38-36

Since the output range swings exactly from rail
to rail, frequency and duty cycle are virtually inde-
pendent of power supply variations.

WIDE-RANGE TRIANGLE-/
SQUARE-WAVE GENERATOR

1
=~ 418y E230

Ay 2N4867
iy s= 1y =56 - SR
MEG.| 't Vas
~ T= 4+t
f, = .‘;
{AS SHOWN, ¢, IS VARIABLE
e Ty FROM 20 Hz T0 20 kHz)
o TH  gut —
Q. [lm Ul SQUAREWAVE
2N4861 7 555 QUTPUT 1
i ;::»Tt:o:'.J||= 128 ono 09t
+5V TO +15¥
pF I nl{
- 47KQ _SOUAREWAVE
=2 ouTPUT2
+ TRIANGLEWAVE
QUTPUT
HANDS-ON ELECTRONICS Fig, 38-37
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39

Games

’E1e sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Coin Flipper

Who's First
Electronic Dice
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LEDT Ny,

COIN FLIPPER

The circuit is basically a 555 astable circuit that
divides two LEDs, LED1 and LED2. LED2 is
switched on when the output of Ul is high, and

TIL209 3 Tzt LED1 is activated when its output is low. When Ul
4 1 oscillates, LED1 and LED2 switch on alternately as
U1 the output of Ul switches from state to state.
555 Resistor R1’s value is high in comparison to R2, so
8 2 the waveform at the output is a square wave with a
- mark/space ratio of nearly one-to-one. When you
= 01 release S1, you break the circuit and Ul latches
whatever the output state happens to be at the
( time,
1.2MEG
-
51
(0]
100
. \L Fig. 39-1
POPULAR ELECTRONICS/HANDS-ON ELECTRONICS
WHO’S FIRST

)

Y

"
539

R1
39K

AAA

n
v
0.3A

vy

SCR1
ECG5511

FYYy

iz
BV
03A

e

3.9K

SCR2
EBGEHigD

R3 | R4
22K | 22K

AAA AAA

=

2

H1

ey Ty

POPULAR ELECTRONICS

o O
52
Fig. 39-2

Using two SCRs, this control circuit is
designed to lock out the other SCR when one has
been triggered, so only one lamp will light. Indica-
tor lamp I1 is controiled by SCR1. The operator
simply presses switch S1. Lamp 12 is similarly con-
trolled by 52 and SCR2. With both switches apen,
neither lamp is lit. The result is insufficient gate
current to trigger SCR2 into conduction, so lamp 2
does not light. If 52 is pressed first, the reverse sit-
uation occurs. Once one of the SCRs is activated, it
is necessary to open 53 to turn the light off.
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ELECTRONIC DICE

a = roll bl 2
. 00—
b = display SN-
\ vz ff oIff  ms

5
| 1 o1 ff RS
R fam 2
ic1 in A 1 2| N1 » 18011

-
1
1
T
1
]
|
1
1 1
I
555 ] 2 0
k] . " -le
: 9 Aoz B 3 y C4ff osif wy
i\l
{ o 7490 - 2] N6 00§}
: Rgi1)
1 g CSA Digg  an
) 4 N2 O [ 1008}

L—Paun) ot

RonyGuo Rorz)

N1 ... N& = IC3 = 7400
N5 ... N8 = IC4 = 7402

9922-1

ELEKTOR Fig. 39-3

The basic die circuit-is given. A 555 timer, IC1, is connected as an astable multivibrator. This feeds
clock pulses to divide-by-six counter IC2 the outputs of which are decoded by gates N1 to N6 to drive an
array of LEDs in the familiar die pattern, When switch 51 is in position b, the reset input of IC1 decreases
and the oscillator is inhibited. Power is fed to the LEDs via S1b so that the display is activated. When the
die is #olled by switching S1 to position a, the display is-blanked. C4 is connected to positive supply via Sla,
praducing a short pulse which resets IC2 via N7 and N8. The reset input of IC1 is pulled high via R5, so
the multivibrator begins to oscillate and feeds clock pulses to IC2 via N5, When S1 is switched back to
position a, the multivibrator is-again inhibited. Then, the counter stops and power is applied to the LEDs
which display the value of the throw.
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40

Gas and Smoke Detectors

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the hox of each circuit correlates to the sources entry in the Sources section.

Smoke Detector Gas/Smoke Detector
Furnace Exhaust Gas Temperature Smoke Detector
Monitor with Low-Supply Detection ~ Smoke Detector
Methane Concentration Detector with Gas/Smoke Detector
Linearized Qutput SCR Smoke Alarm
Smoke/Gas/Vapor Detector
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SMOKE DETECTOR

1004F
s A
1ONIZATION ? —
CHAMBER B =
clea &)
' 1
] L]
[ M SUPPRESSION
NETWORK
SENSOR

F
RE CAZ1684A

MECH
HORN
NOTES.
1. CONTINUCUS HORN ON
ALARM

2. CAP C1 ADJUST LOW
BATTERY BEEFP AND
LED BLINIK RATE

(a)

g
g3
AN

+ POLYCARBONATE OR EQUIVALENT
INSULATION RESISTANCE = 10GQ
APPROX. 1 nA LEAKAGE

ALL RESISTANCE VALUES ARE IN OHMS
+2V
q 100uF

IDNIZATION
CHAMBER

jn

-1
|
-]-4
REF.
-
NOTES:

1

t=-

RP CA3IB4A

NOTE
(4)

(b)

(1) POLYCARBONATE OR EQUIVALENT. INSULATION
RESISTANCE ~ 10GQ. APPROXIMATELY 1 nA LEAKAGE.
C1 ADJUSTS LOW BATTERY BEEP AND LED BLINK RATE

(2) RESISTOR VALUES MAY VARY CEPENDING UPON
THE PIEZC ELECTRIC HORAN USED.

(3) CONTINUQUS HOPN-CN ALARM AS SHOWN. FOR
INTEAMITTENT HOAN SOUND, RETURN PIN 11 TO
GHAOUND THROUGH 3.8 M RESISTOR

4) TYPICAL PIEZC HORNS:

GULTCN #101FB
LINCEN LABORATORIES 470048

GE/RCA Fig. 40-1

Use CA3164A BiMOS detector/alarm system. For operation as smoke detector with electromechan-
ical horn (Fig. 40-1a), the output of driver at terminal 8 is used. Large npn transistor Q3, with an active
pull-up and transistor Q2 provide over 300 mA of drive current. For operation as a smoke detector with a

piezoelectric horn (Fig. 40-1b), the circuit requires output from a second inverting amplifier at terminal 10,
as well as the output from terminal 8.
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METHANE CONCENTRATION DETECTOR WITH LINEARIZED QUTPUT

+9¥

D—C/D_- - * 1% METAL FILM RESISTOR.

SENSOR=CALECTRG-GC ELECTRONICS #J4-807 OR FIGARD #813.
p—s O

—o/o—--

0.033

20* | g

10 LF1014
-

!
27 i
3

LTC1044

a2 I3
Y |_|+ =

LTH014 WA=

LTIDMF 1' I[ _5\',4 —
1.2¥ 3 N4 148 [4)

1N4148

outputT
500ppm=10.000ppm
50Hz — 1kHz

5, LINEAR TECHNOLOGY CORP.

Fig. 40-2

SMOKE/GAS/VAPOR DETECTOR

PARTS LIST
@ Volt Transistor Battery R3 4.7, YW Resistor
47uF 35V A4 5 Ohms, 12 Watt
,C3 1040 pf, OOV RE B8k %W Resistor
0.014F, 50V RE 1.3k %W Resistar
1NB62 Silicon Diode R7 Fenwal GB32J42 or Veco 3606
1N750 Zener Diode, 4.7V 51 Toggle Switch SPST.
, 04, 06 1N4002Z Diode F1 Fuse, 6/10 A Slow-Blow, Littlefuse A/IAG/MOL
1 2N 1132 PNP Transistor m Transtormer 117 VAC 60 Hz Primary
2N4096 SCR 12,6V CT @ 1.2 A Secondary
25k Potentiometer Ohmite Style S3C1 Allied Electronics SK94HF
6.1k, %W Regigtor TGS Sensor TGS-202
—a
s\
G
- - " .
SONALERT b
SC 628 _,
A QY m—
Dy —
0,
s TGS %
02 <
L - . 4
Since the sensor responds to “white” smoke from a fire,
alarm will respond faster than temperature sensors, .
EDN " P Fig. 40-3
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SMOKE/GAS/VAPOR DETECTOR (Cont.)

.Transformer T1 supplies power to-the heater of the sensor. Since the sensor is fairly sensitive to
heater voltage, diodes D3, D4, and D5 regulate the heater voltage. T1, together with D1 and C2, forms a
dc power supply, whose current is regulated by Q1 and adjusted by R1. The constant current from Q1
feeds a variable resistance, consisting of thermistor R7 and the parallel combination of RS and the sensor
resistance. When a hazard causes the voltage at A-A to drop, the net voltage at the SCR gate turns posi-
tive, triggeting the SCR on and operating the alarm. The alarm draws a small amount of current, so the
battery will last a long time. Switch S1 turns off the alarm and resets the SCR.

GAS/SMOKE DETECTOR

+16v O : 2
TES-202 DETECTOR * R
"+16.5V 12k

BUZZER
{12:18v)

HEATER

+15V ibias) ¢ 2500
0!
2NG028
* AVAILABLE FROM ¢ EM o 5
FIGARO ENGINEERING 2.2k & —¢
DSAKA, JAPAN Li1 Q
3166 HIGASHITOYONAKA

TOYONAKA CITY

’ 10uF
R, 2R
2o 910
GND O > 2

EDN Fig. 40-4

The sensor is based on the selective absorption of hydrocarhons by an n-type metal-oxide surface.
The heater in the device serves to burn off the hydrocarbons once smoke or gas is no longer present in the
immediate area; hence, the device is reuseable. When initially turned on, a 15 minute warm-up period is
required to reach equilibrium (¥, = 0.6 V) in a hydrocarbon-free environment. When gas or smoke is
introduced near the sensor, ¥, will quickly rise (rate and final equilibrium depend on the type of gas and
concentration) and trigger Q1, a programmable unijunction transistor. The voltage pulse generated across
R4 triggers Q2, sounding the buzzer until S1 resets the unit. R1 and C1 give a time delay to prevent small
transient waves of smoke, such as from a cigarette, from triggering the alarm. Triggering threshold is set
by R5, R2, and R3; with the components shown, between 50 and 200 ppm of hydrocarbons can be easily
detected. Since it is somewhat sensitive to heater voltage, a regulated supply should be used. Power
requirements are 1.5 V at 500 mA for the heater and 15V at 30 mA, depending on type of buzzer, for the
hias supply.
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FURNACE EXHAUST GAS TEMPERATURE MONITOR WITH LOW SUPPLY DETECTION

9V
R —"
* LT1019A-5
2 l |+
I T L T
JTYPE LT1025A P a0 = —
GND
COMMON H
- - 3
1N4148
|— cs Vo T0
' MCU
CHO  CLK e
.CH1 DOUT T—
GND Dy
10K
LTC1091A
34K 178K s
1%  0.1% =
LINEAR TECHNOLOGY DESIGN NOTES Fig. 40-5

This circuit can be used to measure exhaust gas temperature in a furnace. The 10-bit LTC1091A
gives 0.5°C resolution over a 0°C to 500°C range. The LTC1050 amplifies and filters the thermocouple
signal, the LT1025A provides cold junction compensation and the LT1019A provides an accurate refer-
ence. The J-type thermocouple characteristic is linearized digitally inside the MCU. Linear interpolation
between known temperature points spaced 30°C apart introduces less than 0.1°C error. The 20-K/10 K2
divider on CH1 of the LTC1091 provides low supply voltage detection. Remote location is easy, with data
transferred from the MCU to the LTC1091 via the three-wire serial part.
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SMOKE DETECTOR

N 612V
SINGLE
IONIZATION
CHAMBER R4 ALARM
—-12v DEVICE
%n 1 R7 10K
12
>5x10
¥ MEM 817
i ST A Km*
’J. -
e 15V ARC1
R2 +| . R8
A
GENERAL INSTRUMENT MICROELECTRONICS *2N6076 or equivalent 19~ 40-6

This smoke detector uses a MEM 817 p-channel enhancement mode MOSFET as its buffer amplifier.
Operation of the sensor is based on a decrease in the current when smoke enters the chamber, thereby
causing a negative voltage excursion at the gate of the buffer MOSFET. Quiescent voltage values at the
output of the chamber vary from about ~4 V to —6 V, and detection of smoke will result in an excursion of
about —4 V, The MOSFET is connected as a source follower.

SCR SMOKE ALARM
LAMP
12v .
a
3) ¢ BZ
12v LDR] :} 4b 1 +
a1 -~
c2 5K /
10uF .
o scri |4
)l 50V
N.C. mA 10uF
K1
12v }“ﬁ—
POPULAR ELECTRONICS Fig. 40-7
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GAS/SMOKE DETECTOR

TGS308 1ND14 185228
e —— h_—-‘ 3.8V, WW
B b c, | 10xF
22k @ ' o
o e 522 R < 6OV
bd r <, 100k
4 4 %R, 2 e SENSITIVITY
115V 4 ( © TO MORN SR, CONTROL
o411+ oy CIRCUIT :
o p— 4
H‘ W w MLED 6 ey
1.2k
1N4001 D, 270
h“ AAA —AAA O-15v
o, c, Ry, 1.8k 1W R, Vg
= g °,
50uF >
50V 1N4774
1 15V, 1W
= HORN: 24V AC
DELTA 1600 3168

* MC 14572

EDN Fig. 40-8

In the presence of smoke or gas, the ac output voltage increases and becomes rectified, filtered and
zener-diode coupled (D2 for thresholding) to sensitivity control R3. Under no gas condition, the output
equals approximately 0 V (high). When gas is present, the output will be a negative value (low) sufficient to
overcome the threshold of McMOS gate 2 and D2. The circuit shown uses a TGS 308 sensor, a general-
purpose gas detector that is not sensitive to smoke or carbon monoxide. If smoke is the primary element
to be detected, use the TGS 202 sensor. The two sensors are basically identical; the main differences lie
in the heater voltage and the required warm up time delay. The TGS requires a 1.2 V heater and a 2 minute
delay, whereas the TGS 202 requires 1.5 V and 5 minutes, respectively.

The system uses a McMOS gated oscillator directly interfacing with a triac-controlled ac horn. Using
the MC14572 HEX functional gate, four inverters, one two-input NAND gate and one two-input NOR
gate, the circuit provides the complete gas/smoke detector logic functions time delay, gated astable multi-
vibrator control and buffers operation. The 24-Vac horn produces an 85/90-dB sound level output at a dis-
tance of 10 ft. Controlled by the astable multivibrator, the horn generates a pulsating alarm—a signal that
may be advantageous over a continuous one in some noise environments.
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SMOKE DETECTOR

Ry

ION
CHAMBER

—_ 45V
Qs -
A
AN o,
+
= 4.5V
Ay
>
EDN Fig. 40-9

This circuit comes from U.S. Patent 3,778,800, granted to BRK Electronics in Aurora, IL. The circuit
provides a smoke detector with an alarm for both smoke and low batteries. The R6/R7 voltage divider
monitors the battery and will turn Q2 and Q1 off when the battery voltage falls too low. The smoke-detec-
tor chamber will also cut Q1 off when it senses smoke. Q1 via Q3, triggers SCR D1 and sounds the alarm.
Capacitor C1 provides feedback that causes the alarm to sound intermittently. The smoke detector and
low-battery circuits sound the alarm at two different rates.
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41
Hall-Effect Circuits

’Dle,sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the hox of each circuit correlates to the sources entry in the Sources section.

Current Monitor

Security Door Ajar Alarm
Hall-Effect Switches
Hall-Effect Compass
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CURRENT MONITOR

2 IC1
o—¢—— reFoz 2 - BV *
Ve (FMI) 10mA
(1210
14V)
4
1 > 10K
+
- 0
Cs1 Vour
HALL {0-1V1A)
_ SENSCR
ci
23 uF
- +25V o
— T — L1 ZERO 5
' 680 uH ADJUSTZ
1K
4
6
Ve GND
7 Icz |s cz + )
Vrer MAX 635 150 wF = 0.1 yF:L-: 1K b4
{MAXIM) 16V 1% %
Vre Vo
1
0.1 yF o= INg148 & R1B:
_ 10K
B 10 mA -5V -
NOTES:
1. ©1AND C1 ARE 188D TANTALEX CAPACITORS FROM SPRAGUE
2.L1 1S A 6860-23 INDUCTOR FROM CADDELL-BURNS
3. R1A, R1B, AND R1C ARE PART OF A THIN-FILM RESISTOR NETWORK SUCH AS THE CADDOCK T914-10K.
4. CS118 A HALL-EFFECT CURRENT SENSOR (CSLA1CD) FROM MICROSWITCH.
EDN Fig. 41-1

This circuit uses a Hall-effect sensor, consisting of an IC that resides in a small gap in a flux-collector
torrid, to measure dc current in the range of 0 to 40 A. You wrap the current-carrying wire through the
toroid; the Hall voltage V5, is then linearly proportional to current /. The current drain from Fyis less than
30 mA.

To monitor an automobile alternator’s output current, for example, connect the car battery between
the circuit’s ¥ terminal and ground, and wrap one turn of wire through the toroid. Or, you could wrap 10
turns—if they fit—to measure 1 A full scale. When I = 0 V current sensor CS;'s V}, output equals one-haif
of its 10 V bias voltage. Because regulators IC1 and IC2 provide a bipolar bias voltage, Vy and Voyr are
zero when I is zero; you can then adjust the output gain and offset to scale Voyr at 1 V per 10 A.
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SECURITY DOOR AJAR ALARM
v POLE

~

FIVE TL3019 SENSORS

1 &0 et
= TIL220
FIVE 4 kil RESISTORS
Reprinted by permission of Texas Instruments. Fig. 41-2

In operation, the TL3019 device will activate, or become low, when a south pole of a magnet comes
near the chip face of the device. The example shows five doors. Each door has a magnet embedded in its
edge with the south pole facing the outer surface. At the point where the magnet is positioned with the
door closed, a TL3019 sensor is placed in the door jamb. With the door closed, the Hall devices willbe ina
logic low state. This design has five doors and uses five TL3019 devices. Each TL3019 has a 4-K{? resis-
tor in series and all door sensor and resistor sets are in paralle]l and connected to the inverting input of an
LM393 comparator. With all doors closed, the effective resistance will be about 800 £2-and produce 2.2 V
at the inverting input. The noninverting input goes to a voltage divider network which sets the reference
voltage. The 1,5-K(I potentiometer is adjusted so the indicator goes out with all doors closed. This will
cause 2.35 V to appear at the noninverting input of the comparator. When a door opens, the voltage at the
inverting input will-go to 2.5 V which is greater than Vggg, and the LED will light. A large number of doors
and windows can be monitored with this type of circuit. Also, it could be expanded to add an audible alarm
in addition to the visual LED,
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HALL-EFFECT SWITCHES

POWER-SUPPLY WIRE RING

______ & & > 1DV
R ey am
SENSOR ASSEMBLY BLOCK 3 1
. } & 2
i on
1 IC‘“ Qc
"
1
i 1 _
g’ 4.7k| -
} 4
o < 1k
A . . ] -
R i i
£ | F— OUTPUT
P } 1€ . -
’ +
- - ————-l SENSOR CUTPUT WIRE -—D—“ d
S 10k
4
+ Co  sc 820
Ly b

U172 HALLEFFECT SWITCH 2 an
IC,: LM324 i 20
——— A
- T 4
By OTHER
SENSOR
INPUT  ~ az0
CIRCUITS ————

<)'
120 }_
EDN Fig. 41-3

Hall-effect switches have several advantages over mechanical and optically coupled switches. They're
insensitive to environmental light and dirt, they don’t bind, and they don’t sustain mechanical wear. Their
major drawback is that they require three wires per device. The circuit shown, however, reduces this wire
count to N + 1 wires for N devices.

Amplifier IC1A is configured as a current-to-voltage converter. It senses the sensor assembly’s out-
put current. When the Hall-effect switch is actuated, the sensor’s output current increases to twice its
quiescent value. Amplifier IC1B, configured as a comparator, detects this increase. The comparator’s out-
put decreases when the Hall-effect switch turns on.

The circuit also contains a fault-detection function. If any sensor output wire is open, its correspond-
ing LED will turn on. If the power-supply line opens, several LEDs will turn on. A short circuit will also
turn an LED on. Every time an LED turns on, Q1 turns on and the alarm relay is actuated.
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HALL-EFFECT COMPASS

100 k2

QUTPUT TO
NULL METER

TL3103s
A '
o cC
GND '+ our 4.7 kil
o ' AVAVAY
— 4.7k0
o 0UT<
GND Lo
\Y
oA-cC ¢
bl
B +9V

—1

Reprinted by permission of Texas Instrumsnts.

The TL3103 linear Hall-effect device can be
used as a compass. By definition, the north pole of
a magnet is the pole that is attracted by the mag-
netic north pole of the earth. The north pole of a
magnet repels the north-seeking pole of a compass.
By convention, lines of flux emanate from the north
pole of a magnet and enter the south pole. The cir-
cuit of the compass is shown. By using two TL3103
devices instead of one, we achieve twice the sensi-

Fig. 41-4

tivity. With each device facing the opposite direc-
tion, device A would have a position output while
the output of device B would be negative with
respect to the zero magnetic field level. This gives
a differential signal to apply to the TLC251 op amp.
The op amp is connected as a difference amplifier
with a gain of 20. Its output is applied to a null
meter or a bridge balance indicator circuit.
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High-Frequency Amplifiers

#

The sources of the following circuits are contained in the Sources section begmmng on page 782. The
figure number contained in the box of each circuit correlates to the sources-entry in the Sources section.

2 -30 MHz 140-W (PEP) Amateur Wideband UHF Amplifier with
Radio Linear Amplifier High-Performance FETs
80-W (PEP) 3-30 MHz 12.5-13.6 V  Broadcast Band Rf Amplifier
Amplifier Miniature Wideband Amplifier
29-MHz Amplifier Wideband 500 kHz — 1 GHz Hybrid
28-dB Noninverting Amplifier Amplifier

259



AFout

RFin

1
c2
Cc3

c4
Ccs
C6
c7
Cg, 9
R1
R2,3
R4
R5, 6

2 -30 MHz 140-W (PEP) AMATEUR RADIO LINEAR AMPLIFIER

A~ C1n

K1

+ 13.6 Vdc

= 33 pF Dipped Mica

= 18 pF Dipped Mica

= 10 uF 35 Vdc for AM operation,
100 pF 36 Vdc for SSB operation.

= .1 uF Erie

= 10 ¢F 35 Vdc Electrolytic

= 1 uF Tantalum

= .001 uF Erie Disc

= 330 pF Dipped Mica

= 100 k& 1/4 W Resistor

= 10 kf2 1/4 W Resistor

= 33§ 5W Wire Wound Resistor

=10 Q2 1/2 W Resistor

Copyright of Motorola, Inc. Used by permission.

R7
RFC1
o1

D2
Q1, Q2
Qs 4
T1,T2
Cc20
c21
c1o
c22
K1

100 £2 1/4 W Resistor

9 Ferroxeube Beads on #18 AWG Wire
1N4001

1N4997

2N4401

MRF454

16:1 Transformers

910 pF Dipped Mica

1100 pF Dipped Mica

24 pF Dipped Mica

500 uF 3 Vdc Electrolytic

Potter & Brumfield

KT11A 12 Vdc Relay or Equivalent

Fig. 42-1

The amplifier operates across the 2 — 30 MHz band with relatively flat gain response and reaches gain sat-
uration at approximately 210 W of output power. Both input and output transformers are 4:1 turns ratio
(16:1 impedance ratio) to achieve low input SWR across the specified band and a high saturation capability.
When using this design, it is importarit to interconnect the ground plane on the bottom of the board to the

top, especially at the emitters of the MRF454s,
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80-W (PEP) 3 -30 MHz 12.5-13.6 V AMPLIFIER

[2F:
!
L5 3!
5
|
'
rc1t: !
1
RC12(L84
|
[l
LE!
—y 1 .
1
A 4 L9 L
L :7[ ro 125 Vv
3 T VA i
T~C14 TC)& R10 CIB% %C19
= = = o4
C1,Ct4,C18 — 0.1 yF ceramic. L1 — 0.22 ph moided choke
C2,C7,C13,C20 — 0.001 uF faed through. L2,L7,L8 — 10 uh molded choke
C3 — 100 uF/3Vv. LG, L6 - 0.16 ph
C4,C6 — 0,033 uF mylar L3 — 25 t, #¥26 wire, wound on a 100 £, 2 W rasistar. {1.0 ph)
C5 — 0.0047 uF mylar. L4, L9 — 3 farrite beads esch.
C8, C9 — 0.015 and 0.033 gF mylars in paraliel.
C10 - 470 pF mica, ‘ T1 — 2 twisted pairs of #26 wire, 8 twists per inch. A = 4 turns,
€11, C12 — 560 pF mica, B =8 turns. Core- -Stack pole 57-8322-11, indiana General
€15 — 1000 uF/3 V FB27 801t or equivalent

C16,C17 — 0.015 pF mylar
C19 — 10pF 16 Vv
Cc21, C22 — twa 0068 uF mylars in parallel,

T2 — 2 twisted pairs of #24 wire, 8 twists per inch, 6 turns.
(Core as above.)

€23 — 330 pF mica T3 — 2 rwistad pairs of #20 wire, & twists par inch, 4 turns.
C24 — 39 pF mica (Core as above.)
25 — 680 pF mica T4 — A and B = 2 twisted pairs of #24 wire, 8 twists per inch,
C26 — .01 uF ceramic S turns each. € = 1 twisted pair of #24 wire, 8 turns.
Carg - -Stackpala 57-9074-11, Indiana Ganeral F624-19C1
R1,R6,R7 — 10 2, /2 W carbon. or aquivalent.
R2 — 51 §2, 1/2 W carbon
R3 — 240 11, 1 wire W Q1 — 2ZN6367

R4, R5 — 1B £, 1 W carbon
A8, A9 — 27 11,2 Wearban
R10 — 33 2, 6 W wireW D1 — 1N4001

D2 — 1N4997

Q2, 03 - ZN6368

J1, 42 — BNC cannactors

Copyright of Motorela, inc. Used by permission. Fig. 42-2

This amplifier utilizes a 2N6367 and a pair of 2N6368 transistors. The 2N6367 transistor is employed
as a driver and is specified for up to 9 W (PEP) output. In the amplifier design the driver must supply on 5
W (PEP) at 30 MHz with a resulting IMD performance of about ~ 37 to —38 dB. At lower operating fre-
quencies, drive requirements drop to the 2-3 W (PEP) range and IMD performance improves to better
than 40 dB. Two 2N6368 transistors are employed in the final stage of the transmitter design in a push-pull
configuration. These devices are rated at 40 W (PEP) and —30 dB maximum IMD, although —35 dB per-
formance is more typical for narrowband operation. Without frequency compensation, the completed
amplifier can deliver 90 W (PEP) in the 25— 30 MHz band with IMD performance down —30 dB. If only
the power amplifier stage is frequency compensated, 95 W (PEP) can be obtained at 6-10 MHz.
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‘ 29-MHz AMPLIFIER
| :CF;""FRQM R R $'0FIIN‘I'

Al »
/ —— r —o———@ S22k
RGI74Y

A: T gy

NEXT 10pF

—
= ag x TOROID BEADS
CER  Lasu"

rCD 3 gy

2/8in D1A )| 1
st |k L - K Tagao
10 TURNS 0 e T | NolinaL

Al

3
)
7 0.04
RE85,F Eatn ;RFC
kA 2 TURNS RFC s, -
0.0047 A
BIAS . Py
&dovoc *ST #14 SILVER PLATED
oM 2N 1174 in. BrA
| 112 in. LONG
SERIES
Fis
12vac

PILOT
BULB

- — b + 900 NO LOAD
P 800W
Fsunsgp SILICON ngé"
DIODES
- a0 220K Z0K
e R -+ W 35w
20w
1oon +150 TO S.G.
:l ): | s0 220K
T~ 450 Iw
MAIN
12,6 TQ FILS, alc.
WARM UP
DELAY PILOT LIGHT J
— 6 3 TO({ ON PWR 2 BrAS
SUPPLY CHAS51S) XFMR (T2}
Es
ow
T2 iS4 6.3 FIL J2
XFMR IN REVERSE 10K
wWw =
6.3 ng g = ADJ. HIAS
13K
10w
73 AMATEUR RADIO Fig. 42-3

The only adjustments that require close attention are input, output, and neutralization. The 150-pF
capacitor in the input line compensates for impedance mismatch. You tune for maximum signal transfer
from exiter to final with an in-line meter or external field strength meter, The final is a conventional pi
network. When neutralized, the plate current dip should be at about the same setting of the 20-pF plate
capacitor as maximum output. Adjust bias to let tubes idle at about 30 mA.
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28-dB NONINVERTING AMPLIFIER

R

OPTIONAL AN
OFFSET
ADJ. +v

+V Ot pAp————( — ¥
As

AAA-
R ;5
] Ra
[ |— v [ 23]
N
Rz
7%
- TCOR7405
NOTES:
Ry = 75§ 5% CARBON Ry = 20k TRIMPOT (CERAMET) AFC 3T # 26 BUSS WIRE ON
Rz =750 5% CARBON R = 1.5% (28dB GAIN) FERROXCUBE VK 200 09/38 CORE
Ry = 750 §% CARBON Rg = 47082 5% CARBON BYPASS CAPACITOHS
Ry =36k 5% CARBON 1nF CERAMIC
(MEPCO OR EQUIV.)
Top Plane Copper’ Component Slde Bottom Plane
{Component Slde) {Component Layout) Copper’

NE5539 Yo
w/comp

cFOMIS
NOTES:
{X) indicates ground connection to top plans,
R is on bottom side.

NOTE:
1. Hond edges of top and bottom groiund plane copper.

SIGNETICS Fig. 424

The physical circuit layout is extremely critical. Breadboarding is not recommended. A double-sided
copper-clad printed circuit board will result in more favorable system operation.
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WIDEBAND UHF AMPLIFIER WITH HIGH-PERFORMANCE FETS

750 € a, Cy Qs (o a c, 7SR

{é_]—)l—f out

A q
AFC, RAFC, 1

Gy, Cq. Gy Cg = BB pPF Ly Ly Lg = 120 nHy Vp = +20V
G, Cg = 500 pF Lp Lg g = 222nHy
C3, Cq. Cp = 1000 pF RFCy, RFC; = 2.2 nHy
Qq, Q. Qg = Siliconix U310 R4, Ry = 510
SILICONIX Fig. 42-5

The amplifier circuit is designed for a 225 MHz center frequency, 1 dB bandwidth of 50 MHz, low-
input VSWR in a 75-Q system, and 24 dB gain. Three stages of U310 FETs. are used, in a straight-forward
design.,

BROADCAST BAND RF AMPLIFIER
- +12V

R2
2704 Q2

c1 2N3906
10uF
18V
RE o=t P
INPUT 102 R4 AF
18K OUTPUT

BIAS

+
+
c2 )
10uF
1BY Fig. 42-6
I *

Reprinted with parmission of Radio-Electronics Magazine, 1989 R-E Experimanters Handbook, Copyright Gernsback Fublications, Inc., 1969,

The circuit has a frequency response ranging from 100 Hz to 3 MHz; gain is about 30 dB. Field-effect
transistor Q1 is configured in the common-source self-biased mode. Optional resistor R1 allows vou to set
the input impedance to any desired value; commonly, it will be 50 2.

The signal is then direct coupled to Q2, a common-base circuit that isolates the input and output
stages and provides the amplifier’s exceptional stability. Last, Q3 functions as an emitter follower, to pro-
vide low output impedance at about 50 £, If you need higher output impedance, include resistor R8. It will
affect impedance according to this formula: R8 = Royr — 50. Otherwise, connect output capacitor C4
directly to the emitter of Q3.
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MINIATURE WIDEBAND AMPLIFIER

Reprinted with permission from Radic-Electronics Magazine, 1889 R-E
Experimenters Handbook. Copyright Gernsback Publications, Inc., 1989,

Fig. 42-7

This wideband amplifier uses only five compo-
nents. External signals enter pin 3 of IC1 via ac
coupling capacitor C1. Following amplification, the
boosted signals from IC1 pin 1-are coupled to the
output by capacitor C2. Capacitor C3 decouples the
dc power supply, while rf current is isolated from
the power supply by rf choke L1.

The NE5205’s low current consumption of 25
mA at 6 Vdc makes battery-powered operation a
reality. Although the device is rated for a6 to 8 V
power supply, 6 V is recommended for normal
operation. From 6 V an internal bias of 3.3 V
results, which permits a 1.4 V pk-pk output swing
for video applications.

WIDEBAND 500 kHz -1 GHz HYBRID AMPLIFIER

10k

82k

L—J\N‘ WA > o 10V
= 47 uF
0.01 uF 33 .._“_
y
= 4]
INPUT 2 2z
17 =
0.01 uF
5 INPUT 1 23| Lnazo0 > 10 |
QUTPUT
1 a n ne
- FEEDBACK
2
b 0.01pF
1 =
’ * GAIN | BANDWIDTH | R c
CI 3048 150 MHz2 15ke | 9TO30pF
o= 25 dB 300 MHz 8600 | 2TOBpF
R 20 dB 500 MHz 4300 <1 pF
A

EDON Fig. 42-8

The amplifier’s input stage is a dual-gate GaAs FET, which provides low input capacitance and high
transconductance. The dual-gate structure accepts the signal on input 1. Input 2 controls the gain of the
amplifier. The amplifier has a third input for use in series feedback. The output feeds back to pin 3 via a
single resistor, which controls the overall power gain of the amplifier. At 10 MHz, the output is capable of
delivering 12 dBm into a 50-£ load with 1 dB of signal compression. The ac-coupled amplifier has a gain of
37 dB at 100 MHz and 3 dB at 1 GHz.
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Humidity Sensor

m

’[‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Low-Cost Humidity Sensor
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LOW-COST HUMIDITY SENSOR

Vee
{3t0 3.2 Vdc)

RC Oscillator:
Schmitt Trigger

R
[ o AN
c

Metal Frequency
Electrodes Counter

Water-Absorbent

Plastic Film ha
NASA TECH BRIEFS Fig. 43-1

The sensor is an RC oscillator in whichia water-absorbent plastic film is the insulator in the capacitive
element. The capacitance of the film increases with the amount of water it absorbs from the air, and thus
reduces the oscillation frequency. A frequency counter produces a digital output that represents the
change infrequency and hence the change in relative humidity. The sensor can be used to measure humnid-
ity in the atmosphere, in the soil, and in industrial gases, for example. A Schmitt-trigger-type IC is con-
nected to the capacitor, which consists of a film of a commercially produced sulfonated fluorocarbon
polymer, 2'in. (5.08 cm) square, sandwiched between perforated metal plates. The oscillation frequency
decreases almost linearly from about 100 to 16 kHz as the relative humidity increases from about 20 to
76%.
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Indicators

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Stereo Indicator
On-the-Air Indicator
Receiver Signal Alarm
Rf-Actuated Relay
Visual-Level Indicator
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STEREO INDICATOR

. ®
.Ag = = q é) AW \&
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D1...06 =1N4148
100n 5k
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€2
2p2/18v 2 E Tu,
16y
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7 A2 R7
5 —{55
G

m=  ELEKTOR ELECTRONICS Fig. 44-1

On most FM tuners, the stereo indicator lights upon detection of the 19-kHz pilot tone. However, this
doesn’t mean that the program is actually stereophonic, since the pilot tone is often transmitted with
mono programs also. A similar situation exists on stereo amplifiers, where the stereo LED is simply con-
trolled from the mono/stereo switch.

The LED-based stereo indicator described here lights only when a true stereo signal is fed to the
inputs. Differential amplifier A1 raises the difference between the 1. and R input signals. When these are
equal, the output of Al remains at the same potential as the output of A2, which forms a virtual ground rail
at half the supply voltage. When Al detects a difference between the L and R-input signals, it supplies a
positive or negative voltage with respect to the virtual ground rail, and so causes C3 to be charged via D1
or C4 via D2. Comparator A3/A4 switches on the LED driver via OR circuit D3/D4. The input signal level
should not be less than 100 mV to compensate for the drop across D1 or D2. The sensitivity of the stereo
indicator is adjustable with P1.

<1
2pz/16v -

0
0

VISUAL LEVEL INDICATOR
Ve T This indicator is basically a switch with hystere-

v sis characteristics. If the input voltage momentarily
| ™ (or permanently) exceeds the most positive refer-
R e ence level, LED1 is switched on. If, on the other
VY v hand, the voltage falls below the negative, or least

positive, reference level, LED1 will be switched off
680 and LED2 switched on. The output voltage, Vo is

H?
+ ¢ clamped either to the diode voltage Vp;, or ¥
p g .

AA
v
AN
vVY

14 vy depending on which LED is conducting. For ¥5 to
z be positive, ¥y has to be positive with respect to

the reference voltage Vg; for ¥, to be negative, ¥
EDN Fig. 44-2 has to be negative with respect to ¥x.

o+—— < —=0
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RECEIVER SIGNAL ALARM

i

T0
HEADPHONE
JACK OF
RECEIVER

HANDS-ON ELECTRONICS

==L

T

{117VAC}

RF-ACTUATED RELAY
+12v

K1
RELAY
RS275-206
C1 D1
O1uF 1Ng14
H _ Qi
l 2N2222
RF INPUT  R1 c2
1K O1uF
1 1aw
Fig. 44-4
73 MAGAZINE

Automatic antenna switching or rf power indi-
cation can be achieved with this circuit. Relay will
key with less than 150 mW drive on 2 m.

i

Pick-up
wire
{see text)

c1
1in

L

D1
1N4148

D2
1N4003

ON-THE-AIR INDICATOR

=

T

‘2
270u
16V

—

BC108

—C+ 12V

RLA1: s.p.s.l. relay with a 12V
coil resistance preferably
o—_ greater than 2500
(see text)

LP1
12V

PRACTICAL WIRELESS

4—o OV
Fig. 44-5

The circuit is a simple rf-actuated switch which will respond to any strong field in the region of the
pickup wire. The length of the wire will depend on-how much coupling is needed, but a 250-mm length
wrapped around the cutside of the coaxial cable feeding the antenna should suffice for most power levels.
If only one band is used, the wire can be made a resonant length—495 mm for 144 MHz band operation for
example. When rf energy is picked up by the device, diode D1 will conduct on the negative hali-cycles, but
will be cut off on the positive half-cycles. The result will be a net positive voltage at the base of transistor
Trl, forward biasing it into conduction. On ssb and cw transmissions, where the transmission is not con-
tinuous, that bias would be constantly varving and the relay RLA would chatter. However, capacitor C2
holds the bias voltage steady until a long gap in transmissions occurs.
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Infrared Circuits

’D]e sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Infrared Wireless Speaker System  Digital IR Transmitter

Long-Range Object Detector Simple TR Detector
IR Receiver Infrared Transmitter
IR Transmitter Infrared Transmitter
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INFRARED WIRELESS SPEAKER SYSTEM
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Reprinted with permission from Radic-Electronics Magazine, August 1988. Copyright Gernsback Publications, Inc., 1988,

Although the IR region is free from radio interference, it is subject to interference from incandescent

lamps, fluorescent lamps, stray reflections, and other sources.

A simple way to overcome that problem is to create a carrier by chopping the IR radiation at a rate of
100 kHz. The audio then modulates the carrier by modulating the chopping rate. A receiver then detects
the IR beam as a 100-kHz FM signal. The only disadvantage is that instead of a simple audio amplifier, a
high-gain FM receiver is necessary. However, with the ICs that are now available, an FM receiver is easy
to build, and contains little more circuitry than a high-gain audio amplifier. The kit is available from North

Country Radio, P.O. Box 53, Wykagyl Station, NY 10804.

Fig. 45-1
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LONG-RANGE OBJECT DETECTOR

4.5 70 6.5vV0DC
e 22

A
1.
= IO F

IN63BS 2,2M $47K
EE“O i: 39K = 2ZNE366 ZNE249 f
D2SE2 | | : ) LOAD
| | TQ

( \ 71 1 l 47K Sma
SN L

I¥2 Hilas  § 300 ~0.08 ans248 o
3o ’_gger [
o ) 3 m = 0.002 2NE249
P |
\\ —— e 223 27 2 2.2K 22
112 PC-1
=
PC-1 SELECTION TRANSMISSION RANGE REFLECTIVE RANGE
H23A1 5" 1
LEDS6 and L14Q11 12" 3"
LED5S8 and L14G1 18" 41/2"
LED55C and L14GA1 a3z 8"
1NG266 and L14G3 48" 127
FSD1 and L14G3 80" 20"
FSD1 ard L14P2 200" 50"
GE

When long ranges must be worked with IR light sources, and when high system reliability is required,
pulsed-mode operation of the IR is required. Additional reliability of operation is attained by synchronously
detecting the photodetector current, as this circuit does. PC-1 is an IR and phototransistor pair which
detect the presence of an object blocking the transmission of light from the IR to the phototransistor. Rela-
tively long-distance transmission is obtained by pulsing the IR, with about 10-us pulses, at a 2-ms period,
to 350 mA via the 2N6027 oscillator. The phototransistor current is amplified by the 2N5249 and 2N5356
amplifier to further increase distance and allows use of the H11A5, also pulsed by the 2N6027, as a syn-
chronous detector, providing a fail-safe, noise immune signal to the 2N5249 pair forming a Schmitt-trigger
output.

This design was built for battery operation, with long battery life a primary consideration. Note that
another stage of amplification driving the IR can boost the range limited by the IR Vg, by 5 to 10 times. A
higher supply voltage for the IR can double this range.

Today, optoelectronics are mostly used to transmit electronic information over light beams. These
applications range from the use of optocouplers transmitting information between IC logic circuits and
power circuits, between power lines and signal circuits, between telephone lines and control circuitry, to
the pulse-modulated systems which transmit information through air or fiber optics over relatively great
distances.
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IR RECEIVER

o’ o
$1
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POPULAR ELECTRONICS/

HANDS-ON ELECTRONICS *SEE TEXT Fig. 45-3

Infrared emissions detected by Q1 are fed through Ula to Ulb, which amplifies the signal by a factor
of 100. The amplified output of Ulb is fed to Ulc through R9, C2, and R6. Potentiometer RY serves as a
volume control. With R9 set to pass the maximum signal, Ulc provides a gain of 100, for a total system
gain of 10,000 dB. The output of Ulc is connected to voltage follower Cerl.llt U1d to better match and drive
headphones that can be plugged into J1.

IR TRANSMITTER
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IR TRANSMITTER (Cont.)

*The transmitter consists of an oscillator which drives a high output IR emitting diode. The oscillator is
a sure start multivibrator circuit that provides an output of 15 to 1000 mark to space ratio at a frequency of
1 kHz. This large mark to space ratio allows the IR diode to be operated at a high peak current, provided
by the ZTX600 Darlington transistor, to maximize the transmitter range. A decoupling network is included
in the power supply lead to isolate it from any logic circuitry using the same 5-V power supply source. The
transmitter supply current is approximately 65 mA.

DIGITAL IR TRANSMITTER

HY X X
C3 R5
4 [ 1 LED1
) (B
+ 1
L R
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: 14{1/4 4011 R4
2] vra o g w2 11 10K
. 9] vic ’_{13 utd
1/4 4011 7 Qi
- 1’44011 2"3’m
4 I ) =k C2 =
- $ 150K T™m
k2
POPULAR ELECTRONICS/HANDS-ON ELECTRONICS Fig. 45-5

Gates Ula and Ulb are configured as a low-frequency oscillator. The output waveform at pin 11 is
nonsymmetrical with the positive portion of the signal, making up only 20% of the time period.

Diode D1, a 1N914 general-purpose unit, together with C1, R1, and R2, determine the on time for
the positive portion of the output waveform. The off, or negative portion of the output waveform, depends
mainly on the values of R1 and C1. The operating frequency of that oscillator is about 11 Hz. The second
oscillator consists of Ule and Uld, which outputs on almost symmetrical waveform at a frequency of about
400 Hz. The output of first oscillator Ula/Ulb is fed to pin 8 of Ulc to key second oscillater Ulc/Uld on
and off at about 11 Hz, with the on time limited to about 20% of the time period (about 15 ms).

The output waveform of the second oscillator is fed to the base of Q1, which is used to drive IR diode
LED1 in short bursts. Pulsing LED1 helps to save battery power, and also allows each circuit to be given
its own special sound footprint.

By changing any of the values of R1, R2, R3, C1, or C2, the sound footprint can be varied. As the
component values are increased, the oscillator’s frequency goes down, and as the values are decreased,
the frequency goes up.
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SIMPLE IR DETECTOR
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E Q, IS A TRW 802
EDN Fig. 45-6

This simple IR detector turns on a real LED when Q2 is exposed to invisible IR radiation found in
fiber-optics systems, position sensors, and TV remote-control units. The device can be built on top of a 9-
V battery and heid in place with RTV. Its power dissipation is virtually zero, unless IR radiation or high
ambient light is present. Normal flucrescent lighting is not a problem, but if necessary add an IR filter to
the Q2 detector to exclude ambient light. Exposing the detector to a strong light or IR source gives a quick
check of the battery and the red LED.
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HANDS-ON ELECTRONICS Fig. 45-7
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46

Instrumentation Amplifiers

’Ihe sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit: correlates to the sources entry in the Sources section.

Ultra-Precision Instrumentation Amplifier Biomedical Instrumentation Differential Amplifier

Strain Guage Instrumentation Amplifier Differential Instrumentation Amplifier
Instrumentation Amplifier Thermocouple Preamplifier
Wideband Instrumentation Amplifier Low-Power Instrumentation Amplifier



ULTRA-PRECISION INSTRUMENTATION AMPLIFIER
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LINEAR TECHNOLOGY Fig. 46-1

This circuit will run from a single 5 V power supply. The LTC1043 switched-capacitor instrumentation
building block provides a differential-to-single-ended transition using a flying-capacitor technique. C1 alter-
nately samples the differential input signal and charges ground referred C2 with this information. The
LTC1052 measures the voltage across C2 and provides the circuit’s output. Gain is set by the ratio of the
amplifier’s feedback resistors. Normally, the LTC1052’s output stage can swing within 15 mV of ground. If
operation all the way to zero is required, the circuit shown in dashed lines can be employed. This configu-
ration uses the remaining LTC1043 section to generate a small negative voltage by inverting the diode
drop. This potential drives the 10-K, pull-down resistor, forcing the LTC1052’s output into class A oper-
ation for voltages near zero. Note that the circuit’s switched-capacitor front-end forms a sampled-data
filter allowing the common-mode rejection ratio to remain high, even with increasing frequency. The
0.0047uF unit sets front-end switching frequency at a few hundred Hz.
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STRAIN GAUGE INSTRUMENTATION AMPLIFIER
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0.1F D.IuF

This circuit has-ar overall gain of 320. More gain can easily be obtained by lowering the value of R2.
Untrimmed Vog is 10 V, and Vs tempco is less-than 0.1 uV/°C. In many circuits, the QP07 can be omit-
ted, with the two MAX421 differential outputs connected directly to the differential inputs of an integrating
ald.

INSTRUMENTATION AMPLIFIER
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INSTRUMENTATION AMPLIFIER (Cont.)

LTC1043 and LT1013 dual op amps are used to create a dual instrumentation amplifier using just two
packages. A single DPDT section converts the differential input to a ground-referred single-ended signat
at the LT1013’s input. With the input switches closed, C1 acquires the input signal. When the mput
switches open, C2’s switches close and C2 receives charge. Continuous clocking forces C2’s voltage to
equal the difference between the circuit’s inputs. The 0.01-uF capacitor at pin 16 sets the switching fre-
quency at 500 Hz. Common-mode voltages are rejected by over 120 dB and drift is low.

WIDEBAND INSTRUMENTATION AMPLIFIER
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1M Q+15V 2R|: “143 11?;: o 1K
(1_ 10 2K aW
-5V
NOTES:
+15 - VOLT SUPPLIES BYPASSED TO GROUND WITH 5uF CAPACITORS
Q1 - O5: CA3086 TRANSISTOR—ARRAY IC
GE/RCA Fig. 46-4

‘Has an input resistance of 1-M, a bandwidth from dc to about 35 MHz, and a gain of 10 times. Low-
frequency gain is provided by a CA3130 BiMOS op amp operated as a single-supply amplifier. High-fre-
quency gain is provided by a 40673 dual-gate MOSFET. The entire amplifier is nulled by shorting the input
to ground and adjusting R9 for zero dc output voltage.
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BIOMEDICAL INSTRUMENTATION DIFFERENTIAL AMPLIFIER

2000pF

RS
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GE/RCA Fig. 46-5

This differential amplifier uses the isclated high-impedance inputs of the CA3420 BiMOS op amp.
Because the CA3240’s input current is only 50 pA maximum, 10-M{Q resistors can be used in series with
the input probes to limit the current to 2 uA under a fault condition.
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DIFFERENTIAL INSTRUMENTATION AMPLIFIER

HA-5180

P

__°’||__

Rs 1K

HA-5130

-15Y

3K Hz Bandwidth; C = 0.053 uF
40K Hz Bandwidth; C = 3900pF

This circuit relies on extremely high input
impedance for effective operation. The HA-5180
with its JFET input stage, performs well as a pre-
amplifier. The standard three amplifier configura-
tion is used with very close matching of the resistor
ratios R5/R4 and (R7 + R8)/R6, to insure high
common-mode rejection (CMR). The gain is con-
trolled through R3 and is equal to.2R1/R3. Addi-
tional gain can be had by increasing the ratios
R5/R4 and (R7 + RB)/R6. The capacitors C1 and
C2 improve the ac response by limiting the effects
of transients and noise. Two suggested values are
given for maximum transient suppression at fre-
quencies of interest. Some of the faster DVM’s are
operating at peak sampling frequency of 3-kHz,
hence the 4-kHz, low-pass time constant. The 40-
kHz, low-pass time constant for ac voltage ranges is
an arbitrary choice, but should be chosen to match
the bandwidth of the other components in the sys-
tem. C1 and C2 might however, reduce CMR for ac
signals if not clesely matched. Input impedances
have also been added to provide adequate dc bias
currents for the HA-5180 when open-circuited.

THERMOCOUPLE PREAMPLIFIER

HARRIS Fig. 46-6
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K
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MAXIM Fig. 46-7

The MAX420 is operated at a gain of 191 to
convert the 52 uV/°C output of the type J thermo-
couple to a 10 mV/°C signal. The -2.2 mV/°C
tempco of the 2N3904 is added into the summing
junction with a gain of 42.2 to provide cold-junction
compensation. The ICL8069 is used to remove the
offset caused by the 600-mV initial voltage of the
2N3904. Adjust the 10-KQ trimpot for the proper
reading with the 2N3904 and isothermal connection
block at a temperature near the center of the cir-
cuit’s operating range. Use the component values
shown in parentheses when using a type K thermo-

-couple.
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LOW-POWER INSTRUMENTATION AMPLIFIER
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Fig. 46-8
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Integrator Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number- contained in the box of each circuit correlates to the sources entry in the Sources section.

Resettable Integrator
Integrator with Programmable Reset Level
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RESETTABLE INTEGRATOR
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The low rpgieny and high peak current capability of the DG419 makes it ideal for discharging arvintegra-
tor capacitor. A high logic input pulse disconnects the integrator from the analog input and discharges the
capacitor. When the logic input lowers, the integrator is triggered. D1 and D2 prevent the capacitor from
charging to over 15V,

INTEGRATOR WITH PROGRAMMABLE RESET LEVEL

RESET v,
LEVEL
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=+

RESET—
INTEGHATE-—I_L
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INTEGRATING
INPUT

VouT (HOLD MODE) = (‘m;i:,,) Jf; v.,m] + [vn]

LINEAR TECHNOLOGY CORP. 1% Fig. 47-2
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Intercom Circuits

#

’Ele sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box- of each circuit correlates to the sources entry in the Sources section.

Personal Pocket Pager
Bidirectional Intercom System
Intercom

Hands-Off Intercom

Two-Way Intercom
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PERSONAL POCKET PAGER

1-METER
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Fig. 48-1

When activated, the transmitter sends out a 49.890-MHz, AM tf carrier. The receiver detects, ampli-
fies, and decodes the rf signal, which, in turn, activates a piezo buzzer. The receiver is small enough to
carry in a pocket or sit on your workbench. The transmitter is also small and fits easgily into a pocket for

quick access.
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BIDIRECTIONAL INTERCOM SYSTEM

-1zv

Features

| - Circvit Simplicity

B 1 Watt of Audio Qutput

B Duplex operation with only one
two-wire cable as interconnect.

FAIRCHILD CAMERA & INSTRUMENT CORF.

%0

TONE
CONTROL
(OPTIONAL)
4,10 uF +12V
—
25k
180
2 4F | voLuMe =
27k E Y
Ml
25 k
12zv
_ TONE
= 12y CONTROL .
(OPTIONAL) Fig. 48-2

This system uses pA759 audio IC devices and a common connection between the preamps as an inter-
connect. Either mike can drive either speaker. Duplex operation is possible with only one cable {(two

wires).

TALK

MASTER

—) LISTEN

? LISTEN

INTERCOM

This intercom uses a single audio IC as a two-
way amplifier, and the speakers as microphones. A
single 6-V supply provides adequate audio volume.

NATIONAL SEMICONDUCTOR CORP.

REMATE

= Fig. 48-3
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HANDS-OFF INTERCOM
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HANDS-ON ELECTRONICS/POPULAR ELECTRONICS Fig. 48-4

Amplifier A increases the microphone’s output to a usable level. The output signal is fed to op amp B,
which inverts the signal 180°. A balance-control potentiometer connects across the outputs of amplifiers A
and B. If an audio tone is fed into the microphone and the balance potentiometer’s wiper is all the way over
to the A output position, the tone will be heard at a high level. As the wiper is rotated toward the B output,
the audio level will decrease until it just about disappears near the center of the potentiometer’s range. As
you continue to rotate the wiper, the signal will begin to increase once again.

With the balance control set for a minimal output, the intercom’s tendency to self-oscillate from
acoustical feedback between the microphone and speaker is kept to a minimum. The microphone’s ampli-
fied signal at A's output is fed to the other intercom through the audio in/out cable. Since both intercom
units are alike, the audio information coming from one unit feeds the other at the input of op amp B. The
incoming audio is amplified slightly by op amp B and the output signal is sufficiently increased by the power
amp to drive the speaker.
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TWO-WAY INTERCOM
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Inverters

#

The sources of the following circuits are contained in the Sources section begmnmg on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section,

12 Vde-to-117 Vac at 60 Hz Power Inverter

Power MOSFET Inverter

Medium Power Inverter

Complementary Output Variable Frequency
Inverter

Precision Voltage Inverter

Power Inverter
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12 VDC-TO-117 VAC AT 60 Hz POWER INVERTER
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12 VDC-TO-117 VAC AT 60 Hz POWER INVERTER (Cont.)

Capacitor C5 and potentiometer R12 determine the frequency of the output signal at pin 3 of IC1, the
555 oscillator. The output signal is differentiated by C3 and C4 before it's input to the base of power tran-
sistors Q1 and Q2 via diodes D1 and D2, respectively. The signal from IC1 is adjusted to 120 Hz, because
the flip-flop formed by transistors Q3 and Q4 divides the frequency by 2.

When Q3 is on, the base of Q1 is connected via R1 to the regulated 12-V supply. Then, when the flip-
flop changes states, Q4 is turned on and the base of Q2 connected to the 12-V supply through R2. The 100
mA base current allows-Q1 and Q2 to alternately conduct through their respective halves to the transform-
er's secondary winding.

To eliminate switching transients caused by the rapid switching of Q3 and Q4, capacitors C1 and C2
filter the inputs to the base of Q1 and Q2 respectively. Power for the unit comes from an automobile's 12-
V system or from a storage battery. The power is regulated by IC2, a 7812 regulator. LED1, connected
across the 12-V input, can be used to indicate whether power is being fed to the circuit. The neon pilot
lamp, LMP1, shows a presence or absence of output power.

POWER MOSFET INVERTER

Y L
I 3 0T
- il
T
3 fa -
< 100K
g R OUTPUT
K s L
& I 4 g
" D
< R az
< 100K IRFS1}
POPULAR ELECTRONICS Fig. 48-2

This inverter can deliver high-voltage ac or dc, with a rectifier and filter, up to several hundred volts.
The secondary and primary of T1—a 12.6 to 440 V power transformer, respectively—are reversed; e.g.,
the primary becomes the secondary and the secondary becomes the primary. Transistors Q1 and Q2 can
be any power FET. Be sure to heat sink Q1 and Q2. Capacitors C1 and C2 are used as spike suppressors.
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MEDIUM POWER INVERTER

2
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NOTE: IC2 = SIX INVERTERS CONNECTED IN PARALLEL

MAXIM Fig. 49-3

In this circuit, a CMOS mverter, such as the CD4069, is used to convert the open drain L, output to- a
signa! suitable for driving the gate of an external P MOSFET. The MTP8P03 has a gate threshold voltage
of 2.0 V to 4.5 V, so it will have a relatively high resistance if driven with only 5V of gate drive. To increase
the gate drive voltage, and therehy increase efficiency and power handling capability, the negative supply
pin of the CMOS inverter is connected to the negative output, rather than to ground. Once the circuit is
started, the P MOSFET gate drive swings from +5 V to — Vyyr. At start up, the — Fyp is one Schottky
diode drop above ground and the gate drive to the power MOSFET is slightly less than 5 V. The output
should be only lightly loaded to ensure start up, since the output power capability of the circuit is very low
until — Pyyr is a couple of volts.

This circuit generates complementary output signals from 50 to 240 Hz, Digital timing control ensures
a separation of 10 to 15° between the fall time of one output and the rise time of the complementary out-
put.

The digital portion of inverter Ul to U4 controls the drive to Q1 and Q2, both MTE60N20 TMOS
devices. These devices are turned on alternately with 11.25° separation between complementary out-
puts. A +12-V supply for CMOS gates U1 to U4 is developed by T1, D3, D4, C7, and U6. The power
supply for the TMOS frequency generator is derived from the diode bridge, U5, and capacitor C7; it is
applied to the center tap of T2.
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COMPLEMENTARY QUTPUT VARIABLE FREQUENCY INVERTER
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Capyright of Motorola, Inc. Used by permission. Fig. 49-4

Ul is a 4060 12-stage binary ripple counter that is used as a free-running oscillator; its frequency of
oscillation is: 1/2.2 C1R2. The output of Ul is applied to U2, a 14-stage binary ripple counter that pro-
vides square-wave outputs of /2, 1/4, 1/s, and 1/16 of the clock frequency. These signals are combined in
U3 and U4 to provide a complementary drive for Q1 and Q2.

Outputs from U3 and U4 are ac-coupled to Q1 and Q2 via C2 and C4, respectively. R3 and R4 adjust
the gate drive to Q1 and Q2. Q1 and Q2 alternately draw current through opposing sides of the primary to
synthesize an ac input voltage at a given frequency. Only one side of the primary of T2 is driven at one
time, so maximum power output is half of the transformer rating.
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PRECISION VOLTAGE INVERTER

+

LT1004
1.2v

e — Y pp = 1M

I

LINEAR TECHNOLOGY CORP. Fig. 49-5

This circuit -allows a reference to be mverted
with 1 ppm accuracy, features high input impe-
dance, and requires no trimming.

POWER INVERTER

AAA

POPULAR ELECTRONICS Fig. 49-6

The transformer can be any 6.3 or 12.6 V
type. Apply the 12-Vdc input so the positive goes
to the transformer’s center tap and the negative
goes to the two transistor emitters, Any bridge-
type rectifier and filter can be used at the output, if
you need dc.
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50

Lamp-Control Circuits

".Ble sources of the following circuits are contained in the Sources -section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Halogen Lamp Dimmer Solid-State Light Dissolver
Pseudorandom Sequencer Line-Voltage Operated Automatic
Light Modulator Night Light

Lamp Life Extender 8-W Fluorescent Lamp Inverter
Phase Control Pulse-Width Modulation Lamp
“Triac Light Dimmer Brightness Controller

800-W Soft-Start Light Dimmer Constant Brightness Control
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HALOGEN LAMP DIMMER

[ J=c1=Tcazsa
KA /Pintt

mc 2™

K1/ Pinl§

(e}

RN NRE

(b} (©

ELEKTOR ELECTRONICS Fig. 50-1

This circuit is suitable for fitting into slide projectors without a dimmer facility as with 24-Vac fed halo-
gen lamps. With a few small alterations, it can also be used for dimming 12-V halogen lamps, but not those
in a car, because these are fed from a dc source. The circuit shown in Fig. 50-1a is intended for operation
from a 24-Vac supply, and can handle a lamp load of up to 150 W. For loads up to 250 W, the TIC236 should
be replaced by a TIC246.

Figure 50-1b shows detail of the connection of a potentiometer to the intensity control input of the
TCAZ280A. Voltage divider R10-P1-R11 is fitted externally and can be fed from the stabilized voltage avail-
able at pin 11 of IC1. The minimum and maximum intensities of the lamp are determined by R10 and R11,
respectively.
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PSEUDORANDOM SEQUENCER
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EDN Fig. 50-2

This pseudorandom sequencer drives a solid-state relay. If you power a low-wattage lamp from the
relay, the lamp will appear to flicker like a candle’s flame in the wind; using higher-wattage lamps allows
you to simulate the blaze of a fireplace or campfire. You can enhance the effect by using three or more such
circuits to power an array of lamps.

The circuit is comprised of an oscillator IC1 and a 15-stage, pseudorandom seguencer, IC2 through
IC4. The sequencer produces a serial bit stream that repeats only every 32, 767 bits. Feedback from the
sequencer’s stages 14 and 15 go through IC4D and back to the serial input of IC2. Note the rc network
feeding IC4C; the network feeds a positive pulse into the sequencer to ensure that it won't get stuck with
all zeros at power-up. The leftover XOR gates IC4A and IC4B further scramble the pattern. The serial
stream from IC4B drives a solid-state relay that features zero-voltage switching and can handle loads as
high as 1 A at 12 to 280 Vac.
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SPEAKER

HANDS-ON ELECTRONICS/POPULAR ELECTRONICS

LIGHT MODULATOR

> LINE

Fig. 50-3

The lights seem to dance in time with the
music. Line-voltage lamps of about 40 to 100 W do
nicely. The current for the lamp is from an SCR.

‘When low-level audio is present across T1, SCR1 is

not triggered into conduction. A louder signal, how-
ever, triggers the SCR so that the lamp lights and
follows the sounds. Sincé SCR1 is operated by an
alternating current, the rectifier moves out of the
avalanche condition when the gate current is low.
Potentiometer R3 lets you adjust the power reach-
ing transformer T1, so that with normal operating
volume, SCRI triggers again and agaim, except dur-
ing quiet passages.

120V
60 Hz

2A

LAMP LIFE EXTENDER

BRIDGE D1

MTPBN20

168 V ZENER
OPTIONAL

Copyright of Motorola, inc. Used by pemnission.

Fig. 50-4

Lamp life can be extended by improving the
conditions under which its filament is operated.
This includes eliminating the inrush overcurrent
surge and reducing the mechanical stress (vibra-
tion} on the filament caused by an ac source.

The ctrcuit shown controls the inrush current
to the lamp without the 10 to 15 times-rated cur-
rent stage that normally occurs when power is
applied to a cold lamp. It does so by adjusting the
inrush current over time to the inverse of the value
normally experienced.

R; is a standard tungsten lamp in the range of
15 to 250 W, R is 10-Q and Rris a negative temper-
ature coefficient resistance that is initially 1.65 MQ
and decreases, by self-heating, to 150 KQ in ap-
proximately 0.5 s. Use of the TMOS device allows
high £2 values for R and Ry, keeping drive power at
a negligible level.

This circuit has a number of advantages: very
low power dissipation, long life, low-cost compo-
nents, no significant effect on lamp ratings, negligi-
ble effect on efficiency, negligible RFI, and it can be
used in hazardous environments.
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PHASE CONTROL

Bridge MDASS0.3 Ri

D3 1Bk
2 WATY R2 R3
250 k Tk
05
LOAD NA114 1
100 0Y
0 = a2 R4
115 V rms 0.1 uf MPUI31
60 Hz
Copyright of Motorola, Inc. Used by permission. Fig. 50-5

This circuit uses a PUT for phases control of an SCR. The relaxation oscillator formed by Q2 provides
conduction control of Q1 from 1 to 7.8 ms or 21.6° to 168.5°. This constitutes control of over 97% of the
power available to the load. Only one SCR is needed to provide phase control for both the positive and
negative portion of the sine wave by putting the SCR across the bridge—composed of diodes D1 through
D4.

TRIAC LIGHT DIMMER

Gl wur2
R1
F1 3K
5A D1
-5408
A2 ECG-540
TR1
ECG-5603
801
s1
HANDS-ON ELECTRONICS Fig. 50-6
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800-W SOFT-START LIGHT DIMMER
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L i 1212 J
Copyright of Motorola, tnc. Used by permission. Fig. 50-7

The zener provides a constant voltage of 20 V to unijunction transistor Q1, except at the end of each
half-cycle of the input when the line voltage drops to zero. Initially, the voltage across capacitor-Cl is zero
and capacitor C2 cannot charge to trigger Q1. C1 will begin to charge, but because the voltage is low, C2
will be charged to a voltage adequate to trigger C1 only near the end of the half cycle. Although the lamp
resistance is low at this time, the voltage applied to the lamp is low and the inrush current is small. Then
the voltage on C1 rises, allowing C2 to trigger Q1 earlier in the cycle. At the same time, the lamp is being
heated by the slowly increasing applied voltage. By the time the peak voltage applied to the lamp has
reached its maximum value, the bulb has been heated sufficiently to keep the peak inrush current at a
reasonable value. Resistor R4 controls the charging rate of C2 and provides the means to dim the lamp.

Diode D6 and resistor R7 improve operation at low-conduction angles.

SOLID-STATE LIGHT DISSOLVER

13}
MOC3CI0

RECT1
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L 56K
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220K T \: fast oft)
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T -wF

MODERN ELECTRONICS
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SOLID-STATE LIGHT DISSOLVER (Cont.)

., The dimming action is controlled by varying the amount of current passed through triac Q4 and, thus,
the lamp plugged into ac receptacle SO1. Unijunction transistor Q3 operates as a relaxation oscillator
whose output pulse frequency depends on how fast capacitor C2 recharges after firing. Transistors Q1 and
Q2 furnish the charging current, with the R3/C1 and R1/R2/C1 time-constant networks controlling the
turn-on and turn-off times. Inside IC1 is a LED, a detector, and a small triac. In circuit, the low-level
pulses coming from Q3 make the LED in IC1 emit short bursts of light that are picked up and converted
into electrical current pulses by the internal detector. This small current triggers the internal triac, which
then outputs the pulses to the gate of power triac Q4, triggering it on so that it delivers current to the
lamp. Potentiometer R4 serves as a master control of the pulse rate and provides both manual control and
a limit in the brightness of the lamp plugged into SO1. Momentarily pressing 52 causes the lamp to
instantly turn on. Choke L1 suppresses any spikes produced by the power triac and limits interference
with AM radio reception. No safeguards against interference need to be made for FM and TV reception,
since these media are immune to this type of noise.

PHASE CONTROL

B8k PALY
W

1N52504

Rae

LINE

THYRISTOR v -
INSZSA) o ] MDASZ0AL
L 21 wF SPRAGUE
e,
11212
(a) b {OR EQUIVALENT}
{b)

Copyright of Motorola, Inc. Used by permission. “Fig. 50-9

The most elementary application is a half-wave control circuit. The thyristor is acting both as a power
control device and as a rectifier, providing variable power to the load during the positive half cycle-and no
power to the load during the negative half cycle. The circuit is designed to be a two terminal control which
can be inserted in place of a switch. If full-wave power-is desired as the upper extreme of this control, a
switch can be added which will short circuit the SCR when Ry is turned to its maximum power position.
Full-wave control might be realized by the addition of a bridge rectifier, a pulse transformer, and by chang-
ing the thyristor from an SCR to a TRIAC, shown in Fig 50-9b. In this circuit, Rp, is not necessary since
the pulse transformer isolates the thyristor gate from the steady-state UJT current. Occasionally, a circuit
is required to provide constant cutput voltage regardless of line voltage changes. Adding potentiometer P1
to the circuits will provide an approximate solution to this problem. The potentiometer is adjusted to pro-
vide reasonably constant output over the desired range of line voltage.
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LINE-VOLTAGE OPERATED AUTOMATIC NIGHT LIGHT

SUGGESTED
TRIAG

LAMP WATTAGE
MAXIMUM

120V

v

(4} DHDBOS

INCANDESCENT
LAMP

SC141D

400W

800w

SCH146D

550W

1100w

>
18k 3
:

‘H

20v

AAA
33K

f62K
-

Wl

SCIGID | 750W| 1500W
SC2600 | 1200W [ 2500w
SC7660 | 2000W | 400DW {
18K 3
~
N
5M
L14C1Y LIGHT
THRESHOLD
SENSITIVITY
GE

e

Qi uF, 100V FOR 120V LINE
0.06B uF, 200V FOR 220V LINE

Fig. 50-10

This circuit has stable threshold characteristics from its dependence on the pheto diode current in the
L14C1 to generate a base emitter voltage drop across the sensitivity setting resistor. The double phase
shift network supplying voltage to the ST-4 trigger insures triac triggering at line voltage phase angles
smoall enough to minimize RFI problems with a lamp load. This eliminates the need for a large, expensive
inductor, contains the dV/dt snubber network, and utilizes lower voltage capacitors than the snubber of fi
suppression network normally used. The addition of a programmable unijunction timer can modify this
circuit to turn the lamp on for a fixed time interval each time its environment gets dark. Only the additions
to the previous circuit are shown in the interest of simplicity. When power is applied to the lamp, the
2N6028 timer starts. Upon completion of the time interval, the H11C3 is triggered and turns off the lamp
by preventing the ST-4 from triggering the triac. The SCR of the H11C3 will stay on until the L14Cl is
illurninated and allows the 2N6076 to commutate it off. Because of capacitor leakage currents, tempera-
ture variations and component tolerances, the time delay may vary considerably from nominal values.
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8-W FLUORESCENT LAMP INVERTER
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8-W FLUORESCENT LAMP INVERTER (Cont.)

This circuit has been designed to drive an 8-W fluorescent lamp from a 12-V source using an inexpen-
sive inverter based on the ZTX652 transistor. The inverter will operate from supplies in the range of 10 to
16.5 V, thus making it suitable for use in on-charge systems such as caravanettes as well as periodically
charged systems, such as camping lights, outhouse lights, etc. Other features of the inverter are an inaudi-
ble 20-kHz oscillator and reverse polarity protection.

PULSE-WIDTH MODULATION LAMP BRIGHTNESS CONTROLLER
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+ High valtage
3 - Comparalor | _E Umc“‘“ﬂ'm' " E—I ™,
1 [ ¥
5Y sml:\ z (1] Out n[H f y L o e T 5 . L
AT 1 4
- {Z]on Taner E‘w " way T 0ff  Neconnection[14] C‘J" {
_____ 4+ = solencid 3 i T T
\ { I 1'1 O Comman B—r Eﬂ-— Cummnn—l-E r
) I § 12
! 4N25 ! "
(I I | {4 Sense  Drain [ 5 —— &
. 6 [ /E
TiLin 3 PRV-DRY{ [I‘/I!umnnmiol*' E N
(3] Sense I]-—Jb-—hmmmn
= () (b}
ELECTRONIC DESIGN Fig. 50-12

At half brightness, the lamp current is pulsed on and off (Fig. 56-12b) by the voltage developed across
the resistor and capacitor at the current-sense output. Lamp current is sensed by the current-sense out-
put. A simple pulse-width modulation lamp-brightness.control circuit can also be built with the device.
When the device powers up, the sense cutput is low, pulling the comparator output and the on input low,
and turning the FET switch on, When the switch is on, current from the sense output charges the capaci-
tor in the rc timing network to the 200-mV comparator threshold voltage. The comparator trips, turning
the switch off. The charge then leaks off the capacitor, its voltage drops below 100 mV, and the FET is
again turned on. The average current through the load is basically a function of the resistor value. The
pulse-width modulation frequency on the other hand, is a function of the capacitor value.
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CONSTANT BRIGHTNESS CONTROL

- S,
2N3390 240"%’ 2NBIT2
250K 3 47K
DT2308
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’[5" f\o.ous 2 100K > 1K
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LAMP WATTAGE
*The triac is maiched to the lamp per chart SI.II;E“E::ED MAXIMUM
120v 220V
SC141D 400W | 800W
SC146D 550W | 1100W
§C151D T50W | 1500w
SC260D 1200W | 2500w
SC265D | 2000W{ 4000W
GE Fig. 50-13

An automatic control maintains a lamp at a constant brightness over a wide range of supply voltages.
This circuit utilizes the consistency of photodiode response to control the phase angle of power line voltage
applied to the lamp and can vary the power between that available and = 30% of available. This provides a
candlepower range from 100% to less than 10% of nominal lamp output. The 100-uH choke, resistor, and
capacitors form an rlc filter network that is used to eliminate conducted RFI.
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Laser Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Visible Red Continuous Laser Gun
Laser Diode Pulsers
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VISIBLE RED CONTINUOUS LASER GUN
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Q1 and Q2 switch the primary windings of transformer T1 via a square wave at a frequency deter-
mined by its magnetic properties. Diodes D1 and D2 provide base return paths for the feedback current of
Q1 and Q2. The output winding of T1 is connected to a multiple section voltage multiplier. That multiplier
consists of capacitors C1 through C5 and diodes D3 through D6. Resistors R3 and R4 divide the 800 V
taken off at the junction of C3, and C5 for charging the dump capacitor C9 in the ignitor circuit. The ignitor,
consisting of the T2 pulse transformer and capacitor discharge circuitry, provides the high-voltage de pulse
to ignite the laser the SCR1 dumping the energy of capacitor C9.into the primary of T2. The high-voltage
_pulses in capacitor C11 through rectifier diode D9. When C11 is charged to a LT1, ignition takes place and
a current now flows that is sufficient to sustain itself at the lower voltage output-of the voltage multiphier
section. The path for this sustaining current is through the secondary of T2 and ballast resistors R11 and
R12. The ignitor circuit is now deactivated by the clamping of Q3 emitter via Q4 being turned on by the
voltage drop occurring across R10. This voltage drap will only occur when the laser tube is ignited and
causes the SCR1 to cease firing; otherwise, the ignitor circuit would continue to operate, unnecessarily
drawing on the limited power available.
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LASER DIODE PULSERS
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SILICONIX Fig. 51-2

The laser diode-pulser is a simple drive circuit capable of driving the laser diode with 10-A, 20-ns
pulses. For a 0.1% duty cycle, the repetition rate will be 50 kHz. A complementary emitter follower is
used as a driver. Switching speed is determined by the fr of the bipolar transistors used and the impedance
of the drive source. A faster drive circuit is shown. It can supply higher peak gate current to switch the
IRF520 very quickly. This circuit uses a MOSPOWER totem-pole stage to drive the high power switch.
The upper MOSFET is driven by a-bootstrap circuit. Typical switching times for this circuit are about 10
ns for both turn-on and turn-off,
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52
Light-Controlled Circuits

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Flame Monitor Lighted Display and Brightness Control
Low-Light Level Drop Detector ~ Warning Light and Marker Light
Light-Controlled Lamp Switch Light-Controlled One-Shot Timer
Optical Sensor-to-TTL Interface  Solar-Triggered Switch

Light-Sensitive Audio Oscillator ~ Sun Tracker

Light Level Detector Photoelectric Ac Power Switch
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FLAME MONITOR
o < .
120 VAC
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Eamy

Monitoring a flame and directly switching a 120-V load is easily accomplished using the 1.14G1 for
point sources of light. For light sources which subtend over 10° of arc, the L14C1 should be used and the
llumination levels raised by a factor of 5. This circuit provides zero voltage switching to eliminate phase
controlling,

LOW-LIGHT LEVEL DROP DETECTOR

GROUND
O
$10K R
] .005 § R
7s oo VO
| OUTPUT % }
%: 220K S -
—_——— 10M
LED55C ! Q
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L14F1 10uF T T220K SOURCE N PATH § CIRCUIT
s _ ot
ELECTRICAL SCHEMATIC s MECHAN!CAL SCHEMATIC
GE Fig. 52-2

This self-biasing configuration is useful any time small changes in light level must be detected, for
example, when monitoring very low flow rates by counting drops of fluid. In this bias method, the photo-
darlington is dc bias stabilized by feedback from the collector, compensating for different photodarlington
gains and LED outputs. The 10-uF capacitor integrates the collector voltage feedback, and the 10-MQ
resistor provides a high base-source impedance to minimize effects on optical performance. The detector
drop causes a momentary decrease in light reaching the chip, which causes collector voltage to momentar-
ily rise, generating an output signal. The initial light bias is smail because of output power constraints on
the LED and mechanical spacing system constraints. The change in light level is a fraction of this initial bias
because of stray light paths and drop transhicence. The high sensitivity of the photodarlington allows
acceptable output signal levels when biased in this manner. This compares with unacceptable signal levels
and bias point stahility when biased conventionally, i.e., base open and signal output across the collector
bias resistor.
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LIGHT-CONTROLILED LAMP SWITCH
A | v

~ -~
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Copyright of Motorola, Inc. Used by parmission, = Fig. 52-3

A school drama needed lamps that automatically turned on and off when spot lights did the same.
Lamp switching had to be wireless, durable, dependable, simple and inexpensive.

With stage and spot lights off, very little light falls on the CdS photocell, so its internal resistance is
several megohms and R1 keeps the gate of Q1 at nearly zero volts, which keeps it off. When a spot or
stage light hits the photocell, its resistance drops to several hundred ohms, raising Q1’s gate voltage,
which turns it on and applies power to the lamp.

OPTICAL SENSOR-TO-TTL INTERFACE
+5V +15 V

2
TILA06

~ L[>

; /2 SN7413

B—O TTL QUTPUT

P J
1M 210002
«

R

Reprinted by permission of Texas Instrumants. Fig. 524
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OPTICAL SENSOR-TO-TTL INTERFACE (Cont.)

This circuit is designed to detect a low light level at the sensor, amplify the signal, and provide a TTL-
level output. When the optical sensor detects low-level light, on condition, its output is small and must be
amplified. An amp with very low input bias current and high input resistance must be used to detect the on
condition. When sensor TILA406 is in the on condition, its output is assumed to be 250 nA (allowing a
safety margin). This results in a 250-mV signal being applied to the noninverting input of amplifier OP-07.
Because of the circuit configuration, the OP-07 provides a gain of 100 and its output is in positive satura-
tion. The OP-07 output level is applied to a loading network that provides the basic TTL level.

LIGHT-SENSITIVE AUDIO OSCILLATOR

Vee O W,
1k %W
b S
R g 2xuw
" SPEAKER
7 500:80
R 1: PHOTO 555 '
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6
2 1
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BRIGHT SUN | 10*CANDELA/m? 1000 €500 Hz
DUSK [ 10k 3000 Hz
STARLIGHT | 10°¥ 10M 2-4Hz
EDN Fig. 52-5

This circuit’s frequency of oscillation increases directly with light intensity. The greater the light
intensity, the higher the frequency of the oscillator. The 555 timer operates in the astable oscillator mode
where frequency and duty cycle are controlled by two resistors and one capacitor. The capacitor charges
through R1 and R2, and discharges through R2, a standard photo cell. Resistor R3 limits the upper fre-
quency of oscillation.to the audio range. The lower range of approximately 1 pps is set by the value of R2,
approximately 10-MQ, with the photo cell almost totally dark.

A loudspeaker provides audio output, and an LED is used as a pilot light that flashes when the fre-
quency falls below about 10 to 12 Hz. Extremely sensitive, especially on the dark end of the photocell
resistance range, the unit can detect lightning many miles away, providing a rapid frequency increase with
each flash of lightning. When used with a flashlight at night, the device becomes a simple optical radar for
the blind, showing angular direction to a light-reflecting object, as well as height and distance to the object
when hand scanned back and forth.

This light-sensitive audio oscillator can also serve as an audible hotizontal level device by noting the
position of a liquid bubble illuminated by a light source. Thus, you can sense fluid levels as well as the
vibration state of a fluid surface level.
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LIGHT LEVEL DETECTOR

+16Y FULL SCALE ADJUST
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-15v

Cadmium Sulfide cells control two light detection circuits. Gadmium Sulfide cells control two light detection gircuits.
(A} {B)
HARRIS Fig. 526

If R, the sensor matching resistor, is equal to the “‘dark’’ resistance of the cadmium sulfide cell, the
amplifier output will range from 0 to = 2 as the light level ranges from “‘dark’’ to *‘bright.”’ The circuit in
Fig. B operates similarly, but use the standard noninverting configuration instead of the voltage-follower
configuration; this allows for variable gain. Although the ‘‘dark’’ resistance of the cadmium sulfide cell is
only = 7 KfJ, the principles of operation apply to other types of detectors which require the high-input
impedance of the HA-5180 for reasonable linearity and useability.

LIGHTED DISPLAY BRIGHTNESS CONTROL

_a |
R
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L14R1
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- Fig. 52-7

This circuit provides a very low cost method of controlling light levels. Circuit power is obtained from a
relatively high source impedance transformer or motor windings, normally used to drive the low-voltage
lamps used in these functions. It should be noted that the bias resistors are optimized for the 20-V, 30-Q
source, and they must be recalculated for other sources. The L14R1 is placed to receive the same ambient
illamination as the display and should be shielded from the light of the display lamps. The illumination level
of lighted displays should be lowered as the room ambient light dims, to avoid undesirable or unpleasant
visual effects.
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WARNING LIGHT AND MARKER LIGHT
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FLASHING LIGHT Fig. 52-8

A flashing light of high brightness and short duty cycle is often desired to provide maximum visibility
and battery life. This necessitates using an output transistor, which can supply the cold filament surge
current of the lamp while maintaining a low saturation voltage. The oscillation period and flash duration are
determined in the feedback loop, while the use of a phototransistor sensor minimizes sensitivity varia-
tions.

LIGHT-=CONTROLLED ONE-SHOT TIMER

1N914

0.01uF A2

P
CA3290
RCA
C30809
/‘/ 1N914
L ALL RESISTANGE VALUES ARE IN OHMS

GE/RCA Fig. 52-9

This circuit uses Al of the CA3290 BiMOS dual voltage comparator to sense a change in light diode
current. A2, a one-shot timer, is triggered by the Al output. If the light source to the photodiode is inter-
rupted, the circuit output switches to a low state for approximately 60 s.

x 60 SEC TIME
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SOLAR-TRIGGERED SWITCH
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In solar cell array applications and solar instrumentation, it is desirable to monitor the approximate
position of the sun to allow efficient automatic alignment. The L14G1 lens can provide about 15° of accu-
racy in a simple level sensing circuit, and a full hemisphere can be monitored with about 150 phototransis-
tors. The sun provides = 80 mW/cm? to the L14G1 when on the centerline. This will keep the output
downto < 0.5V for § < 7.5°. The sky provides = 0.5 mW/cm? to the L14G1 and will keep the output
greater than 10 V when viewed. White clouds viewed from above can lower this voltage to = 5V on some
devices. This circuit can directly drive TTL logic by using the 5-V supply and changing the load resistor to
430 2. Different bright objects can also be located with the same type of circuitry simply by adjusting the

resistor values to provide the desired sensitivity.
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PHOTOELECTRIC AC POWER SWITCH

TRIAC
GE
A ) scas

600 W
LOAD
dut | €I
200V
DIAC
120V GE §T-2
6O~ /\
2/
GE
B425
PHOTOCELL
3
GE

Fig. 52-12

For a dark photocell, high resistance, the voli-
age across the diac rises rapidly with the line volt-
age due to the current through Cl1,-triggering the
diac early in the cycle. When the photocell resis-
tance is less than about 2000 {, the drop across it
is limited to less than the diac triggering voltage,
and the load power is shut off.
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53

Limiters
%

’Hue sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section,

Noise Limiter
Dynamic Noise Reduction Circuit
Output Limiter
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NOISE LIMITER
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HANDS-ON ELECTRONICS Fig. 53-1

This circuit is fed from the earphone jack of your receiver and goes to limiter control R6 and is then
amplified by Q1: a common-emitter stage that has a voltage gain of only about 10, because of the negative
feedback introduced by R3. The output of Q1 is fed to a simple clipping circuit, consisting of diodes D1
through D4. The diodes, connected in pairs, act like Zeners with an avalanche rating of about'1 V. The two
pairs are connected opposite in polarity to each other, so that the audio signalis clipped at about 1 V. The
signal is then coupled to the output socket through an emitter-follower buffer stage built around Q2 and an
output attenuator control R7.

DYNAMIC NOISE REDUCTION CIRCUIT

Clzze
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ci3 a5 0.047uF L8
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0.14F R0 T aoons
+ T )y
) ®i
c2 c3 'H'z“. ]
*A1+Rz= 1 ToTAL 4 £.0033,F T
POPULAR ELECTRONICS Fig. 53-2
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OUTPUT LIMITER

! HA-5190 is rated for +5 V output swing, and
saturates at +7 V. As with most ep amps, recovery
from output saturation is slow compared to the
amplifier’s normal response time. Some form of

- ""_"""‘R&_'“’ limiting, either of the input signal or in the feedback
O—AAA . path, is desirable if saturation might occur. The cir-
HAS el cuit illustrates a feedback limiter, where gain is
4+ reduced if the output exceeds + (V; + 2V)). A5V
zener with a sharp knee characteristic is recom-
‘mended.
HARRIS = Fig. 53-3

322



54
LVDT Circuit

’I}le sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

LVDT Driver Demodulator
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LVDT DRIVER DEMODULATOR
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SIGNETICS Fig. 54-1

A very simple motion transducer can be constructed using the circuit shown. The output is biased to
one-half the supply voltage. This requires special interface circuitry for the signal readout. One simple
method is to use a zero center meter in a bridge configuration. Displacement now can be measured as a
positive or negative meter reading. Readout sensitivity is a function of the particular LVDT and of the gain
of the error amplifier. D¢ offsets can be nulled by using a simple offset adjustment circuit as indicated.
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55

Mathematical Circuits

#

The sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each circuit correlates to the sources entry in the Sources section.

Divide/Multiply with Only One Trim
Adder
Subtractor
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DIVIDE/MULTIPLY WITH ONLY ONE TRIM
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ELECTRONIC DESIGN Fig. 55-1

This relatively simple, inexpensive circuit requiring one trimming operation can multiply or divide with
a consistent accuracy of greater than 1 part in 1,000. An inexpensive CMOS version of standard 555 timer
chip T, in conjunction with low-drift LM11 error amplifier A3, an inexpensive analog chopper switch SW,
form a unique voltage-to-duty-cycle converter to produce the difficult transfer function necessary for accu-
rate conversion.

An unknown multiplicand voltage applied to the A3 error op amp circuit’s Y input controls the duty
cycle of the timer through its pin 5 modulation input. The network between the sink-and-source output of
the timer, pin 3, and the state trigger inputs, pins 2 and 6, cause the timer to oscillate. An error feedback
signal from the timer’s discharge output, pin 7, represents the duty cycle. Integrating this duty-cycle sig-
nal with voltage reference REF representing full scale, and applying the result to the inverting input of A3,
closes the feedback loop and insures high accuracy.

Multiplier X feeds into another LM11 op amp, Al, which acts as a input buffer and scaler., A third
LM11, A2, filters and buffers the Z output. Between Al and A2, the timer’s duty-cycle output modulates
the analog switches of a CD4066 to achieve the desired multiplier output. To perform division instead of
multiplication, reconfigure the op amp Al circuit with the use of jumpers. Amplifier A2 isn’t required in the
division configuration.

To calibrate the circuit, connect the X and Y inputs together and apply 10 V. Then adjust the 10-turn
span potentiometer to achieve a 10-V output at Z for multiplication, or 1 V for the division configuration.
Also check for zero output at a zero multiplier input. The circuit is scaled for 0-10 V inputs and outputs
with a small overrage capability, but other scalings are possible. Star grounding or a heavy ground bus
should be used to reduce offset problems that are unavoidable in this design.
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Vour =~ H_x Wy +Vxa + an)
{Ry1= Ryz = Rxg)

HANDS-ON ELECTRONICS
Fig. 55-2

SUBTRACTOR
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Re +
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__J

Re
VOUT = Vz + 'R_x (V2 —V1)

HANDS-ON ELECTRONICS
Fig. 55-3
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56

Measuring and Test Circuits

m

’I‘he sources of the following circuits are contained in the Sources section beginning on page 782. The
figure number contained in the box of each cireuit correlates to the sources entry in the Seurces section.
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Duty Cycle Monitor

3-in-1 Test Set

Stereo Power Meter

Wide-Range Rf Power Meter

LED Peak Meter

Lc Checker

Tachometer and Direction-of-Rotation
Circuit

Very Short Pulse-Width Measurer

QRP SWR Bridge

Electrostatic Detector

Current Monitor and Alarm

Picoammeter Circuit

Paper Sheet Discriminator for Printing
and Copying Machines

Precision Frequency Counter/Tachometer

Motor Hour Meter

Stud Finder

Low-Power Magnetic Current Sensor
Line-Current Monitor

S Meter

Hot-Wire Anemometer

Audible Logic Tester

SCR Tester

Digital Frequency Meter
Low-Current Measurement System
Simple Continuity Tester
Sound-Level Meter

LED Panel Meter

Optical Pick-Up Tachometer
Peak-dB Meter



DUTY CYCLE MONITOR
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The circuit monitors and displays a digital signal’s duty cycle and provides accuracy as high as +1%.
Using switch S2, you can choose a frequency range of either 250 Hz to 2.5 kHz at +1% accuracy or 2 kHz
to 50 kHz at +10% accuracy. The common-cathode display gives the signal's duty-cycle percentage.
Phase-locked loop IC4 and counters IC5A and IC5B multiply the input frequency by a factor of either 10 or
100, depending on switch S2’s setting. IC6A and IC6B count this multiplied frequency during the incoming
signal’s mark interval. IC7 and IC8 then latch this count and display it at the clock’s sample rate. For
example, if you select a 1% resolution, when the signal’s mark period.is 40% of the total period, the circuit
will enable the counter comprising IC6A and IC6B for 40 counts. To obtain space-interval sampling, you
can reverse the input polarity using switch S1. IC2A samples the input signal’s period and enables gate
IC2C and resets the counter. IC2E and IC2F form the sample-rate clock; IC3B synchronizes the clock’s
output with the input, so that the circuit can update latches IC7 and IC8.
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3-IN-1 TEST SET
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This circuit is designed around a 4049 hex inverter/buffer. Two inverters are used in.a dual-frequency
signal-injector circuit, another inverter is used as a logic probe, and the remaining three inverters are used
as a sensitive dual-input, audio-signal tracer.

The signal-injector portion gates are configured as a two-frequency, pulse-generator circuit. Under
normal conditions, the generator’s output frequency is around 10 kHz, but when S2 is closed, the output
frequency drops to about 100 Hz. The logic-probe portion is made up of Ulc, the output of the inverter
decreases. The low output of Ulc reverse biases LED2, so it remains off. That low output also forward
biases LED1, causing it to light. But when a logic low presented Ulc's input, the situation is reversed, so
LED2 lights and LED1 darkens.

The audio-signal tracer portion is made up of the three remaining inverters which are configured as a
linear audio amplifier to increase the input signal level by a factor of 10 or 100. The amplified output signal
feeds a miniature piezo element of audible detection.
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STEREO POWER METER
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The Stereo Power Meter is made up of two identical circuits and a power supply. Each circuit contains
‘two LM3914 display chips which contain 10 voltage comparators, a 10-step voltage divider, a reference-
voltage source, and a mode-select circuit that selects a bar or dot display via a logic input at pin 9. The
brightness of the LEDs is controlled by the 1900-{} resistors and the reference voltage is controlled by the
3000-Q resistors. The 10-step voltage divider within the chips is connected between the reference voltage
and ground. Since each step of the voltage divider is separated by a 1-K{2 resistor, each comparator senses
a voltage 10% greater than the preceding comparator. The signal is applied to pin 5, which is buffered
through a resistor-diode network and then amplified as it passes to each of the 10 comparators. Each LED
is grounded through the comparators as the input signal voltage matches the reference voltage. That
results in one to 10 LEDs illuminating as the signal voltage increases.
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WIDE-RANGE RF POWER METER
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table 1. RF power meter and power supply parts list Ail resistors 1% matal fim 1/4 watt
CT thru C8 1000 pF feedthru (Erte, Cambion} R3.6,14,22 Th
C9,10,15,18 1 uF 10wyde tantalum R5,7 100k
c11-12 0.7 xF metalized tilm A10 120k
c13 500 pF disc R4 150k
c14 0.01 uF disc ceramic R8.19 4.99k
C16,77 2.2 oF 25 wydc tantalum Ri1,72 - 20k
C19,21 100 pF 15 wyde electrolytic Ri13 2.74k
C20 500 uF 15 wede slectrolytic R15 165 ohm
22,23 0.01 uF disc
30 100pF chip capacitor All rasistors 5% carbon tHm 1/4 walt
CAt HSCH-3486 Hewlett-Packard R2g 100 ohm
CR2,3,4,9,10 T1N%14 or equivalent Az1 1 megohm
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Ki SPDT read Magnecralt W172-DIP5 (internal diode — CAZ not  A27 1.5k
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K2,3,4,5 SPST reed EAC EAC Z610-ND Als 500 ohm Panasonic CEGS52 trimpot
M1 1 mA DC meter with dB scale R1T 200 ohim Panagonic CEG22 itimpot
Q1,4 78LO5 regulstor R18 100 ohm Panasonic CEGTZ trimpot
Q2 79LOS raguwlator R25,26 10k polentiometer
Q3 T8LT2 regufator
Rr1.2 50 ohm 1/8 watt carbon fitm st DPET rotary switch
71,72 6.3 YAG transformers
ut ICL76508CPD intersil
uz LM11CLH Nationat
Box Cu-124 BUD
Chassis 9 1/2 ¥ 5 x 2 chassis BUD A¢-403
HAM RADIO Fig. 56-4
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WIDE-RANGE RF POWER METER (Cont.)
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Schottky diode is used as the detector. To avoid
using a modulation method of detection, a chopper-

A stabilized op amp is used. The chopper op amp bas-
» . ically converts the input dc voltage to ac, amplifies
27 : it, and converts it back to dc. Amplifying the dc out-
¢ put from the detector 150 times with a chopper op
OV gy J " J >f  amp puts the signal at a level that simpler op amnps,
L L O such as the LM11, can handle. Offset voltages in
-— b o ‘e [?; Ly, he amplifier are nulled with two pots, one for the
high range and one for the lower three ranges.
%L ]
vatugs af capachanss are tn micro- -
farads athars are in picolar +5V
»ax ,{ﬁf.h;ni.i%mm 1 N

®

LED PEAKMETER
B+
4 T0K &V
—— AN o, ESB
RoT
o B+
eV l [i o \\‘\ |
L IN94
s ri 5 ( W
ol ” + W
: \
L 2@
IN ‘ .p‘s \\@
] I .L\\@__.
= = = Gf LmM3atd {5 Vi
A
RS ) (R P
8 17 U\"m
PR )
4 —@\“r
$1k ‘ LY
2 ) \ar)

GERNSBACK PUBLICATIONS, INC.

Fig. 56-5

333



LED PEAKMETER (Cont.)

The circuit includes a peak detector that immediately drives the readout to any new higher signal level
and slowly lowers it after the signal drops to zero. The readout is a moving dot or expanding bar display.
The circuit can be expanded for a longer bar readout. Tapping five or more LED peakmeters into a fre-
quency equalizer or series of audio filters should give a unique result. The bottom LED remains on with no
signal at the input, thus providing a pilot light for the unit.

LC CHECKER

The circuit is based on the grid-dip or absorp-
tion effect, which occurs when a parallel resonant
circuit is coupled to an oscillator of the same fre-
quency. Q1 operates in a conventional Colpitts
oscillator circuit at a fixed frequency of approxi-
mately 4 MHz. A meter connected in series with
the transistor’s base-bias resistor serves as the dip
or absorption indicator,

The variable measuring circuit consists of C1,
C2, and L2 and is connected to panel terminals as
shown. L2 is loosely coupled to L1 in the oscillator
circuit. This measuring circuit is tuned to the oscil-
lator frequency with variable capacitor C2 set at full
capacitance. When power is applied to the oscilla-
tor, the meter shows a dip caused by power absorp-
tion from the measuring circuit.

Connecting an unknown capacitor across the

1"
-1(32MMJ

T . ]\I’OO

MEASURING T Lo
ciRcuIT Lz 4550

Li- 307 NO 28E CLOSE-WOUND BN 3/8" (10mm) SLUG-TUNED FORM. HAPPROX, TuH.
L2-50T. SAME A5 LI, APPROX. 30uH

Q/- ZNIF04 OR SIMILAR,

M- 0 TCI00 OR Q TG 200uA.

5i- 5P5T TOGGLE OR SLIDE SWITCH.

HAM RADIO Fig. 56-6

test terminals lowers the resonant frequency of the
measuring circuit. To restore resonance, tune
capacitor C2 lower i capacitance. The meter will
dip again when you reach this point. Determine the
capacitance across the text terminals by calibrating
the dial settings of C2.

Capacitor C4, a small variable trimmer in the
oscillator circuit, compensates for drift or other
variations and is normally set at half capacitance.
The capacitor is a panel control, labeled zero, and it
is used to set the oscillator exactly at the dip point
when C2 is set at maximum capacitance. This cot-
responds to zero on the calibration scale.
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TACHOMETER AND DIRECTION-OF-ROTATION CIRCUIT
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Reprinted by permission of Texas Instrumants,

In machine and equipment design, some applications require measurement of both the shaft speed
and the direction of rotation. Fig. 56-4 shows the circuit of a tachometer, which also indicates the direction
of rotation. The flywheel has two magnets embedded in the outer rim about 45° apart. One magnet has
the north pole toward the outside and the other magnet has the south pole toward the outside rim of the
flywheel. Because of the magnet spacing, a short on pulse is produced by the TL3101 in one direction and
a long on pulse in the other direction. A 0—50 pA meter is used to monitor the flywheel speed while the
LEDs indicate the direction of rotation. The direction-of-rotation circuit can be divided into three parts:

o TLC372 device for input conditioning and reference adjustment.
s Two 2N2222 transistors which apply the Ve to the two LEDs when needed.
e The two TIL220 LEDs which indicate clockwise (CW) or counterclockwise (CCW) direction of

rotation.

335



VERY-SHORT PULSE-WIDTH MEASURER
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This circuit operates by charging a small capacitor from a constant-current source when the pulse to
be measured is present. Dual pnp transistor Q3 is the current source; its output current equals the
LM329 reference voltage divided by the resistance of potentiometer R1. When the input is high with no
pulse present, Q1 keeps the current source turned off. When the pulse begins and the input decreases,
Q1 turns off and the monostable multivibrator generates a short pulse. The pulse from the multivibrator
turns on Q2, removing any residual charge from the 100-pF capacitor. Q2 then turns off, and the capacitor
begins to charge linearly from the current source. When the input pulse ends, the current source turns off,
and the voltage on the capacitor is proportional to the pulse width.
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QRP SWR BRIDGE (Cont:)

+ The design shown is a simple unit for QRP operation on all autherized frequencies up to 30 MHz,
kased on a torcidal transformer T1. The secondary winding of T1 samples a small amount of f power,
both forward and reflected, which is divided by the bridge circuit and rectified by diodes D1 and D2. For-
ward and reflected readings are obiained simultaneously on the two meters M1 and M2, and the bridge is
matched and balanced at the required load impedance by C1 and C2. See Fig. 56-9b for an alternative, less
expensive, single meter version. The bridge also measure forward power.

ELECTROSTATIC DETECTOR

K7ANTENNA 51

c3 i
<R3 Re & 100°T¢
$ox bRTE 4
<A1 M1 -_
$15MEG o 1mA BY 1
A"‘V ‘v‘v‘v @-' +9V=
T RS 0 -
o 6BOS2 a2 'mﬁ +
a2 "/
B a1 S Lz
£ ZN4342 R7 “T~39pF
5002
- 3 A R &
39pF M 15MECS
L
= = = J-

HANDS-ON ELECTRONICS Fig. 56-10

The heart of the electroscope is the two junction FETs Q1 and Q2 connected in a balanced-bridge
circuit. The gate input of Q1 is connected to the wire pick-up antenna, while Q2’s gate is tied to the cir-
cuit’s common ground through R2. That type of bridge circuit offers excellent temperature stability; there-
fore, Q1 is allowed to operate in an open-gate configuration. Potentiometer R7 is used to balance the
bridge circuit, and R6 sets the maximum meter swing. Capacitors C1 and C2 help to reduce the 60-Hz
pickup and add to the short-term stability of the circuit.
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CURRENT MONITOR AND ALARM

TIC 206D
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ELEKTOR ELECTRONICS {b) Fig. 56-11

The circuit in Fig. 56-11a lights the signal lamp upon detecting a line current consumption of more
than 5 mA, and handles currents of several amperes with appropriate diodes fitted in the D1 and D2 posi-
tions. Transistor T1 is switched on when the drop across D1/D2 exceeds a certain level. Diodes from the
well-known 1N400x series can be used for currents of up to 1 A, while 1N540x types are rated for up to 3
A. Fuse F1 should suit the particuiar application.

The circuit in Fig. 56-11b is a current-triggered alarm. Rectifier bridge D4 through D7 can only pro-
vide the coil voltage for Rel when the current through D1/D2 exceeds a certain level, because then series
capacitor C1 passes the aiternating main current. Capacitor C1 needs to suit the sensitivity of the relay
coil. This is readily effected by connecting capacitors in parallel until the coil voltage is high enough for the
relay to operate reliably.

PICOAMMETER CIRCUIT

This circuit uses the exceptionally low input
current 0.1 pA of the CA3420 BiMOS op amp. With
only a single 10-M{2 resistor, the circuit covers the
range from +50 pA to a maximum full-scale sensi-
tivity of +1.5 pA.

ALL RESISTANCE VALUES
ARE IN OHMS

=

GE/RCA Fig. 56-12
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PAPER SHEET DISCRIMINATOR FOR PRINTING AND COPYING MACHINES

oud

AC MOTOR

470 1 w3
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220V QIpF
50H7 20V 330
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o
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GE
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. R1 ADJUSTS FOR PAPER
. OPACITY, MOTOR SHOULD

e ey
PAPER RUN WITH ¥ SHEET OF PAPER,
L 32 FEED STOP wWITH 2 SHEETS OF PAPER.

1 Fig. 56-13

The circuit outputs power to the drive motor when one or no sheets are being fed, but interrupts
motor power when twe or more superimposed sheets pass through the optodetector slot. The optodetec-
tor can be either an H2aR darlington interruptor module or an H23B matched emitter-detector pair. The
output from the optodarlington is coupled to a Schmitt trigger, comprising transistors Q1 and Q2 for noise
immunity and minor paper opacity variation immunity. When the Schmitt is on, gate current is applied to
the SC148D output device. The dc power supply for the detector and Schmitt is a simple rc diode half-
wave configuration chosen for its low cost (fewer diodes and no transformers) and minimum bulk, While
such a supply is directly coupled to the power triac, this is precluded by current drain considerations (50
.mA de for the gate drive alone). Note that direct coupling of the Schmitt to the output triacs is preferred,
since RFI is virtually eliminated with the quasi-dc gate drive.

STUD FINDER
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: Y LLS
- ey
SENSITIVITY
R1 ! 8
2200
2 U1 ?
1] 3| C5200 |¢
iE o
H .0B15 4 5
L1 ]
100pH

R2

HANDS-ON ELECTRONICS

76080 "{*@ LED

Fig. 56-14

The CS5209 is designed to detect the presence
or proximity of magnetic metals. It has an internal
oscillator that, along with its external lc resonant
circuit, provides oscillations whose amplitude is
dependent upon the @ of the lc network. Close
proximity to magnetic material reduces the O of the
tuned-circuit, thus the oscillations tend to decrease
in amplitude. The decrease in amplitude is detected
and used in turn on LED1, indicating the presence
of a magnetic material (i.e., nail or screw).
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PRECISION FREQUENCY COUNTER/TACHOMETER
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INTERSIL INPUT o—- Fig. 56-15

In this configuration, the display reads hertz directly. With pin 11 of the ICM7027A connected to Vp,
the gating time will be 0.1 second; this will display tens of hertz as the least significant digit. For shorter
gating times, an ICM7207 can be used with a 6.5536-MHz crystal, giving a 0.01 second gating with pin 11
connected to Vpp, and a 0.1 second gating with pin 11 open.

"

MOTOR HOUR METER

/18:66888
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¥ 36
//
08¢, —_]_
ICM7249 D]__
200 0SC,
- AAA——] SI5
Voo Vss Lo Cy Cx € ot
120VAC AC +
60HZ MOTOR *‘M'—‘
VL -
L DISPLAY .

INTERSIL TEST Fig. 56-16

In this application, the ICM7249 is configured as an hours-in-use meter and shows how many whole
hours of line voltage have been applied. The 20-M{ resistor and high-pass filtering allow ac line activation
of the S/S input. This configuration, which is powered by a 3-V lithium cell, will operate continuously for
21/z years. Without the display, which only needs to be connected when a reading is required, the span of
operation is extended to 10 years.
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LOW-POWER MAGNETIC CURRENT SENSOR

Input @ Dy Through Dg  1N5619
Current Cy 4.7 uF
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NASA i‘ Fig. 56-17

A transducer senses a direct current magnetically, providing isolation between the input and the out-
put. The detecting-and-isolating element is a saturable reactor, in which the input current, to be mea-
sured, passes through a one-turn control coil. The transducer provides an output of 0 to 3 Vdc, an input
current of O to 15 Adc, and consumes 22 mW at 10 Adc input.

Line driver Ul excites the saturable reactor L1 by feeding a 2.3-kHz square wave through transformer
T1. The output of L1 is rectified by the bridge rectifier composed of diodes D3 through D6, then amplified
by op amp U2, which has a gain of 20.

Diodes D1-and D2 commutate the reactive current fed back to the primary of T1 from L1. Without
these diodes, large reactive voltage spikes on the primary would waste power and could destroy Ul. Filter
capacitor C1 stores the energy fed back through D1 and D2.

To minimize core losses, the core of T1 is made of an altoy of 80% nickel and 20% iron. To minimize
capacitance, the primary and secondary windings are interleaved and progressively wound 350°. The pri-
mary and secondary windings consist of 408 and 660 turns, respectively, of #34 wire.

LINE-CURRENT MONITOR

LOAD

110V AC l i

A low-cost filament transformer provides a lin-

l 1 Jf' ear indication of the load current in an ac line. This
. J method causes a slight series voltage drop over a
' £ wide range of load currents.
EDN TRANSFORMER Fig. 56-18
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S METER
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This design is for an external signal strength meter that is analog, digital, and audible for mobile trans-
mitter hunters. The S meter also incorporates a gain circuit. The digital LED bar graph display has a very
fast response time. The 3.3-KQ resistor near LM3914 can be replaced with a 5-K pot to contrel LED
brightness. The S2A position gives a 2:1 gain and the S2B position gives about a 50:1 gain. The calibration
pots control the amount of meter action relative to the gain. The optional dampening circuit is used for the
averaging of a transmitted signal that has modulated power or when a dip on the voice peaks occur. The
capacitors can be switched one by one or switched into a very slow response using 5.8 uF total capaci-

tance.
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AUDIBLE LOGIC TESTER
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Reprinted with parmission from Radio-Electronics Magazine, September 1987. Copyright Gernsback Publications, (nc., 1987,

This tester provides an audible indication of the logic level of the signal presented to its input. A logic
high is indicated by a high tone, a logic low is indicated by & low tone, and oscillation is indicated by an
alternating tone. The input is high impedance, so it will not load down the circuit under test. The tester
can be used to troubleshoot TTL or CMOS logic. The input consists of two sections of an LM339 quad
comparator. IC1a increases when the input voltage exceeds 67% of the supply voltage. The other compar-
ator increases when the input drops below 33% of the supply.

The tone generators consist of two gated astable multivibrators. The generator built around IC2a and
IC2b produces the high tone. The one built around IC2¢ and 1C2d produces the low tone. Two diodes, D1
and D2, isolate the tone-generator outputs. Transistor Q1 is used to drive a low-impedance speaker.
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HANDS-ON ELECTRONICS/POPULAR ELECTRONICS

Fig. 56-22

The DUT's(Device Under Test) cathode,
anode, and gate are connected to the unit’s K, A,
and G terminals, respectively. Pressing switch -S1
feeds a gate current to the DUT, which triggers it
on. Resistor R1 limits the gate current to the
appropriate level. Resistor R3 limits the current
through the LED to about 20 mA, which, with the
current through R2, results in a latching current of
about 110 mA. The LED is used to monitor the
latching current. If the DUT is good, once the gate
is triggered with S1, the LED will remain lit, indica-
ting that the device is conducting. To end the test,
turn off the device by interrupting the latching cur-
rent flow using switch S2. The LED should turn off
and remain off. The preceding procedure will work
with SCRs and triacs. To check LEDs and cther
diodes, connect the anode and cathode leads to the
anode and cathode of the diode; LEDI should light.
When the leads are reversed, the LED should
remain off.

DIGITAL FREQUENCY METER
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Fig. 56-23

The circuit converts frequency to voltage by taking the average dc value of the pulses from the 74121
monostable multivibrator. The one shot is triggered by the positive-going ac signal at the input of the 529
comparator. The amplifier acts as a dc filter, and also provides zeroing. This circuit will maintain an accu-
racy of 2% over 5 decades of range. The input signal to the comparator should be greater than 0.1 V pk-
pk, and less than 12 V pk-pk for proper operation.
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LOW-CURRENT MEASUREMENT SYSTEM

. Rz

Ry
POWER
SUPPLY

This circuit uses a CA018 BiMOS op amp. Low
current, supplied at input potential as power supply
to load resistor R, is increased by R2/R1, when
load current 7, is monitored by power supply meter
M. Thus, if 1, is 100 nA, with values shown, I; pre-
sented to supply will be 100 gA.

ALL RESISTANCE VALUES ARE IN OHMS

GE/RCA Fig. 56-24

SIMPLE CONTINUITY TESTER

The pitch of the tone is dependent upon the

resistance under test. The tester will respond to
a7k g 150 resistances of hundreds of kilohms, yet it is possi-
ble to distinguish differences of just tens of ohms in

low-resistance circuits. Q1 and Q2 form a multivi-

‘brator, the frequency of which is influenced by the

Erl resistance between the test points. The output
BC109 stage, Q3 and Q4, will drive a small loudspeaker or
+ . a telephone earpiece. The unit is powered by a 3-V

Fig. 56-25 battery, and draws very little current when not in

use.

ELECTRONIC ENGINEERING
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SOUND-LEVEL METER
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Sounds are picked up by MIC1 and fed to the input of the first op amp. The signal is then fed to the
input of second op amp Ulb, where it is boosted again by a factor of between 1 and 33, depending upon the

setting of range switch S1.

With the range switch set in the A position, R6 is 1 K and R7 is 33 K{1, so that stage has a gain of 33.
In the B position, the gain is 10 §; in the C-position, the gain is 22 ; and in the D position the gainis 1 Q.
As the signal volt