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Patent notice
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Introduction

Volume 4 of Encyclopedia of Electronic Circuits contains many new, not previously cov-
ered circuits, organized into 104 chapters. Circuit titles are listed at the beginning of
each chapter, for references. Most of these circuits appeared in publications since 1988
and should be very useful for obtaining new ideas for research and development, or sim-
ply to fill a need for a specific circuit idea or application. Those wishing to develop their
own circuits will find this book indispensable as a source of ideas, to see how others have
solved a problem or approach a design, and to obtain a starting point toward a new
design.

A brief explanation accompanies almost every entry. Those that have been omitted
are either repetitive, obvious, or too involved to describe in few words. In this case, the
reader should consult the original sources (as listed in the back of the book).

We also wish to extend our sincere thanks to Ms. Loretta Gonsalves for her fine
work at the word processor. Her skill and cooperation contributed much to the success-
ful completion of this book.

Rudolf Graf and William Sheets
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Active Antennas

The sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the hox of each circuit correlates to the entry in the Sources section.

Active Antenna with Gain
Active Antenna I

Active Antenna II

Wideband Active Rod Antenna



ACTIVE ANTENNA WITH GAIN
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POPULAR ELECTRONICS Fig. 1-1

The signal booster, built around a few transistors and support components, offers an RF gain of about
12 to 18 dB (from about 100 kHz to over 30 MHz).

The RF signal is direct-coupled from Q1’s source terminal to the base of Q2, which is configured as a
voltage amplifier. The output of Q2 is then direct-coupled to the base of Q3 (configured as an emitter-
follower amplifier). Transistor Q3 is used to match and isolate the gain stage from the receiver’s RF-input
circuitry.

Inductor L1 is used to keep any power source noise from reaching the FET (Q1) and any value of RF
choke from 0.5 to 2.5 mH will do. The value of R2 sets the Q2 bias at about 2 V. If the voltage is less than 2
V, increase the value of R2 to 1.5 kQ. To go below 100 kHz (to the bottom of the RF spectrum), increase
the value of C1 to 0.002 uF. The antenna is a short pull-up type (42" to 86" long).
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RECEIVER’S

This circuit is designed to make a short pull-up
antenna perform like a long wire antenna, while
offering no voltage gain. The circuit boosts the
receiver’s performance only if the signal at the
antenna is of sufficient level to begin with.

This circuit takes a short pull-up antenna that
has a high output impedance and couples it to the
receiver’s low input impedance through a two-tran-
sistor impedance-matching network. Transistor

TR MINAL QL’s high input impedance and high-frequency
characteristics make it a good match for the short
T0 GND antenna, and Q2’s low output impedance is a close
he iTERM'”AL match for the receiver’s input. This circuit is usable
b - over the range from 100 kHz to 30 MHz.
POPULAR ELECTRONICS Fig. 1-2
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This circuit provides 14- to 20-dB gain at frequencies from 10 kHz to 30 MHz. The antenna length can
be anything between 5 and 10 feet. A 102-inch CB whip is excellent for this purpose.




WIDEBAND ACTIVE ROD ANTENNA
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A J309 Siliconix FET feeds a 2N5109 in a wideband RF amplifier configuration. A relay is used to
bypass the amplifier in the transmit mode (if desired). A 2-m 5/s-wave whip is used as the active antenna
element. The amplifier is fed dc via the coax cable, which makes the use of only a single coax lead for both
signal and power. Ul is a surge arrester for electrostatic discharge protection.
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Analog-to-Digital Converter

The source of the following circuit is contained in the Sources section, which begins on page 660. The
figure number in the box correlates to the entry in the Sources section.

A/D Board



A/D BOARD
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An IBM PC can operate the two 12-bit A/D converters in Fig. 1 via its printer port. The converters’
serial outputs use only two of the printer port’s eight data lines (DATA A OUT, DATA B OUT). Because
the IBM PC’s printer port supplies no power, interface software running on the PC programs the six
unused data lines high. Busing these data lines provides power for the digital portion of the A/D con-
verters. (The converters have internal optoisolators. Consequently, you must provide isolated supplies for
their analog sides.)

Although the converters can execute 12-bit conversions in 6 us, the slow software-driven approach
used in this Design Idea stretches conversion periods out to about 100 ps (depending on your PC’s clock
speed).

The circuit takes advantage of the converters’ optoisolator inputs to put their clock and start inputs in
series. Therefore, the converters operate synchronously.

The accompanying software starts the conversions, issues clock pulses, reads the data bits as they
become available, and stores them in memory. The listing is too long to reproduce here; you can obtain it
from the EDN BBS (617 - 558 —4241, 2400, 8, N, 1).
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Annunciators

The sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Electronic Door Buzzer

Door Buzzer

SCR Circuit with Self-Interrupting Load
Electronic Bell

Two-Door Annunciator



ELECTRONIC DOOR BUZZER
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When S1 is depressed, an initial positive voltage is placed on C2 and the noninverting terminal of Ul.
The circuit oscillates at a low frequency. As C2 charges up through R3, a rapid increase in frequency of
oscillation results, producing (at SPKR1) a rapidly rising pitched sound. This sound is easily recognized

over ambient noise.
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POPULAR ELECTRONICS Fig. 3-2

An LF357 functions as a swept-tone oscillator, driving Q1 and SPKR1. A 9-Vdc supply is required.




SCR CIRCUIT WITH SELF-INTERRUPTING LOAD

A self-interrupting device connected to a volt-
. ) .
-0 51 T age source functions as a switch that repeatedly

opens and closes; therefore, the circuit does not
R1 4.5-Volt )] latch in the normal way, so the alarm operates only
Tk Buzzer 1N4001 T as long as S1 is closed. Because of the inductive
g1 1 nature of that type of load, a damping diode (D1)
must be wired across it.
4 The circuit can be modified to provide a self-
latching action simply by wiring a 470-Q resistor in
parallel with the alarm. The circuit latches because
the anode current of the SCR does not fall to zero
when the alarm self-interrupts, but to a value that
is determined by the value of the R3. The circuit
can be unlatched by pressing S2, thereby enabling

RADIO-ELECTRONICS Fig. 3-3 the anode current to fall to zero when the alarm
self-interrupts.
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A 555 timer pulses twin-T oscillator Q1. Q2 acts as an output buffer. R7 adjusts the frequency of
oscillator Q1.




TWO-DOOR ANNUNCIATOR
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When the pushbuttons at either door are depressed, this circuit generates a different tone for each
door. Tones are generated by phase-shift oscillator Q1/Q2. Q3 provides tone frequency change by chang-
ing the phase-shift network. U2 and U3 are timers for the tones and Q4/Q5 interface the timers with the
pushbuttons.

10
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Antenna Circuits

’.rhe sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Loop Antenna for 3.5 MHz
1-tc 30-MHz Antenna Tuner

11



LOOP ANTENNA FOR 3.5 MHz

SPIRAL LOOP
B}

ELEKTOR ELECTRONICS USA

CSs

Fig. 4-1(a)

COMPONENTS LIST

C1 =3 750 pF 500 V silver-mica capacitor.
€2 = 100 pF preset capacitor {Jackson C803).

C3 =75 pF variable capacitor (Jackson C809), plus knab.
C4 =12.7 pF variable capacitor (Jackson C16), plus knob.

C5 =22 nF mica capacitor.

M =250 pA f.5.d. 40 x 40 mm moving coil meter (Maplin LBS08).

D = HF silicon diode.
R =1 kil resistor {see toxt).

L1 = 5'/s turns of PVC covered stranded 7/0.2 mm wire. Outside diameter: 1.2 mm, 1 kV/1.5 A rating (see text).

L2 = 13 turns 16SWG tinned wire, 1 inch internal diameter.
Feedline = 48 inch RG58 coaxial cable, plus plug to suit transmitter.
Box = ABS box type MB3, 118 x 96 % 45 mm. Maplin ref. LiH22.
Terminal blocks =qty. 4 12-way 2 amp terminal block. Maplin ref. FE78.

Spacers = qty. 3 insulated spacer type M3, 30 mm long, Mapiin ref. FS40T.
Spokes = qty. 4 8-foot langths of 5/8 x /4 inch molded hardwood (DIY store).
Vertical support =23 x 0.8 x 0.8 inch wood (DIY store).

Wood base =12 x 8 x 0.5 inch plywood or similar.
212 inch stesl support bracket.

12




LOOP ANTENNA FOR 3.5 MHz (Cont.)
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ELEKTOR ELECTRONICS USA Fig. 4-1(b)

- 4 lengths molded hardwood 30" x 5/e x 1/4”. Varnished. 2BA holes drilled in the centre. Glued and bolted together.
. 8 off 8-way 2-amp polythene terminal blocks used as insulated wire spacers.
- 5 tums of PVC stranded wire (for specs see components list).

See Fig. 3.

Wood vertical support 23" x 0.8" x 0.8", wood stained.

2" x 2BA boit.

. Box front vertical support, 41/2" x /2" x 3/a", wood stained.

- Wood base 12" x 8" x /2" (for similar), wood stained.

. 21/z steel support bracket behind wood vertical support.

10. Drilled and secured with glue and c/s wood screws.

Note: " = inch =2.54 cm.

CONDO BN

Suitable for receiving or transmitting (10 W or less) on the 80-m band, this Ioop antenna might be
helpful when an outside antenna is not possible,

13



1-TO 30-MHz ANTENNA TUNER
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L1 =36T #18 enamel wire
on 2" PVC SCH 40 pipe.

L2 =20T #18 enamel (as in L1}
tapped as shown C1/C2.

365-pF variable capacitor,
recelving type,

This tuner will match a random length wire antenna to a receiver or low-power transmitter (=25 W)
for optimum signal transfer.

14
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Audio Effects Circuits

'I;1e sources of the following circuits are contained in the Sources section, which begins on page 660. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Audio-Frequency Doubler

Audio Fader

Audio Equalizer

Vocal Eliminator

Yoltage-Controlled Amplifier

Analog Delay Line (Echo and Reverb)
Musical Envelope Generator and Modulator
Audio Ditherizing Circuit for Digital Audio Use
Derived Center-Channel Stereo System
Low-Distortion Amplifier/Compressor

15



AUDIO-FREQUENCY DOUBLER
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Often the frequency of a2 signal must be dou-
bled: modulator/demodulator chip LM1496 is an
ideal basis for this.

From trigonometry it is well known that:

2sinxcosy=sinZx
and:

sin=1—xcos2x.

These equations indicate that the product of
two pure sinusoidal signals of the same frequency is
one signal of double that frequency. The purity of
the original signals is important: composite signals
would give rise to all sorts of undesired products.

The LM1496 can only process signals that are
not greater than 25 mV: above that level, serious
distortion will occur. The design is therefore pro-
vided with a potential divider at its input. This addi-
tion makes it possible, for instance, to arrange for a
500-mV input signal to result in a signal of only 25
mV at the input of the LM1496.



AUDIO-FREQUENCY DOUBLER (Cont.)

To provide a sufficiently high output signal, the output of IC1 is magnified by op amp IC2, which is
connected as a noninverting amplifier. Because the output of IC1 contains a dc component of about 8 V, the
coupling between the two stages must be via a capacitor, C4.

With values of R15 and R16 as shown, IC2 gives an amplification of 16 (24 dB). The overall amplifica-
tion of the circuit depends on the level of the input signal: with an input of 1.2 V, the amplification is unity;
when the input drops to 0.1 V, the amplification is just 0.1. The value of the input resistors has been fixed
at 680 Q: this value gives a reasonable compromise between the requirements for a high input impedance
and a low noise level.

To ensure good suppression of the input signal at the output, the voltages at pin 1 and pin 4 of IC1
must be absolutely identical to P4. It is possible, with the aid of a spectrum analyzer, to suppress the
fundamental (input} frequency by 60 to 70 dB.

The output signal at pin 12 is distorted easily, because the IC is not really designed for this kind of
operation. The distortion depends on the level of the input signal. At a frequency of 1 kHz and an nput
level of 100 mV, the distortion is about 0.6%; when the input level is raised to 500 mV, the distortion
increases to 2.3%, and when the input level is 1 V, the distortion is 6%. The signal-to-noise ratio under
these conditions varies between 60 and 80 dB.

The circuit draws a current of 10 mA from the positive supply line and 5 mA from the negative line.
The phase shift between the input and output signals is about 45° (output lags). F inally, although the nor-
mal output is taken from pin 12, a similar output that is shifted by 180° (with respect to that at pin 12), is
available at pin 6.

AUDIO FADER

+3V

>
< RB
Ca— 2T

Rl <
72K 9

v

HANDS-ON ELECTRONICS Fig. 5-2

In this circuit, Q1 is a simple amplifier that has its gain controlled by a variable emitter resistance
supplied by FET Q2. In the up position of S1, C3 discharges through R5 and the gain of Q1 decreases
because Q2 is driven toward cut-off. In the down position, Q2 conducts more, depending on the setting of
R6, which causes a gain increase. By varying R5 or C3, various fade rates can be obtained.

17



AUDIO EQUALIZER
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Designed for communications use, this equalizer circuit uses a Mitsubishi M5226F audio equalizer IC
to adjust frequency response. It runs from a 9 to 20 V supply. C6 through C16 are polyester film capacitors
of + 5% tolerance.

18



VOCAL ELIMINATOR

Al_Ad = IC1 = TLO7ACNH
A5,A5 = 1C2 = TLOTICP

ELEKTOR ELECTRONICS Fig. 5-4

Otherwise properly mixed sounds often suffer from a predominant solo voice (which might, of course,
be the intention). If such a voice needs to be suppressed, the present circuit will do the job admirably.

The circuit is based on the fact that solo voices are invariably situated ‘‘at the center’’ of the stereo
recordings that are to be mixed. Thus, voice levels in the left- and right-hand channels are about equal.
Arithmetically, therefore, left minus right equals zero; that is, a mono signal without voice.

There is, however, a problem: the sound levels of bass instruments, more particularly the double
basses, are also just about the same in the two channels. On the one hand low-frequency sounds are virtu-
ally nondirectional and on the other hand, the recording engineers purposely use these frequencies to give
a balance between the two channels.

However, the bass instruments can be recovered by adding those appearing in the left + right signal to
the left ~ right signal. The whole procedure is easily followed in the circuit diagram. The incoming stereo
signal is buffered by Al and A2. The buffered signal is then fed to differential amplifier A3 and subse-
quently to summing amplifier A5. The latter is followed by a low-pass filter formed by A6. You can choose
between a first-order and a second-order filter by respectively omitting or fitting C2. Listen to what
sounds best.

The low-frequency signal and the difference signal are applied to summing amplifier A4. The balance
between the two is set by P1 and P2 to individual taste.

You have noticed that the circuit does not contain input or output capacitors. If you wish, output capac-
itors can be added without detriment. However, adding input capacitors is not advisable, because the con-
sequent phase shift would adversely affect the circuit operation.
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VOLTAGE-CONTROLLED AMPLIFIER
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ELECTRONICS TODAY INTERNATIONAL Fig. 5-5

The CA3080 can be used as a gain controlling device. The input signal is attenuated by R1/R2 so that a
20-mVpp signal is applied to the input terminals. If this voltage is much larger, significant distortion will
occur at the output. In fact, this distortion is put to good use in the triangle-to-sine wave converter.

The gain of the circuit is controlled by the magnitude of the current IABC. This current flows into the
CA3080 at pin 5, which is held at one diode voltage drop above the — Vi rail. The gain of the CA3080 is
“linearly’” proportional to the magnitude of the TABC current over a range of 0.1 A to 1 mA. Thus, by
controlling IABC, you can control the signal level at the output. The output is a current output, which has
to be ‘“dumped’’ into a resistive load (R5) to produce a voltage output. The output impedance at IC1 pin 6
is 10 k2 (R5), but this is “‘unloaded’’ by the voltage follower (IC2) to produce a low output impedance.

The circuit around IC3 is a precision voltage-to-current converter and this can be used to generate
IABC. When Vi, (control) is positive, it linearly controls the gain of the circuit. When it is negative, IABC
is zero and so the gain is zero.

20



ANALOG DELAY LINE (ECHO AND REVERB)
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ELEKTOR ELECTRONICS 25 kHz 2.5 kHz Fig. 5-6

This circuit uses an SAD 512D (Reticon) chip, which is a 512-stage analog shift register. By varying the
clock frequency between 5 and 50 kHz, delay time can be set between 51.2 and 5.12 ms. The clock fre-
quency must be at least twice the highest audio frequency.
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MUSICAL ENVELOPE GENERATOR AND MODULATOR

+10V
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Tone
10k Input
did_ "nn
Qutput Envelope
+ 10V
ELECTRONICS TODAY INTERNATIONAL Fig. 5-7

A gate voltage is applied to initiate the proceedings. When the gate voltage is in the ON state, Q1 is
turned on, and capacitor C is charged up via the attack pot in series with the 1-k{} resistor. By varying this
pot, the attack time constant can be manipulated. A fast attack gives a percussive sound, a slow attack
gives the effect of ‘‘backward”’ sounds. When the gate voltage returns to its OFF state, Q2 is turned on
and the capacitor is then discharged via the decay pot and the other 1-kQ resistor to ground. Thus, the
decay time constant of the envelope is also variable.

This envelope is buffered by IC1, a high-impedance voltage follower and is applied to Q3, which is
being used as a transistor chopper. A musical tone in the form of a square wave is connected to the base of
Q3. This turns the transistor on or off. Thus, the envelope is chopped up at regular intervals, which are
determined by the pitch of the square wave.

The resultant waveform has the amplitude of the envelope and the harmonic structure of the square
wave. [C2 is used as a virtual earth amplifier to buffer the signal and D1 ensures that the envelope dies
away at the end of a note.
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AUDIO DITHERIZING CIRCUIT FOR DIGITAL AUDIO USE
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POPULAR ELECTRONICS - Fig. 5-8

By adding a small amount of noise to a signal to be digitized (about 0.7 bit):

Vineurp-p
Wiowse = 0.7 (%)

where: s =# of bits. For example, 8 bits and 2 V p-p would be 0.0055 V.
This circuit uses a transistor (Q1) and an amplifier (Q2 and Ul) to generate the noise signal. Rll
controls the noise injection and R12 controls the gain of the system.

DERIVED CENTER-CHANNEL STEREO SYSTEM

40 LEFT $PKR. 40, CENTER SPKR.  4LLRIGHT SPKR. LEFT
AMP.
- + - + = + /
SOURCE
- H—=e IMPEDANCE BLEND
I ] N\
D QY GLEFT REHTO R O @ RIGHT
C 4816 STEREQ AMPLIFIER C 4816 AMP. :I_
ELECTRONICS WORLD Fig. 5-9(a) Fig. 5-9(b)

A simple method of deriving a center or third channel without the use of an extra transformer or
amplifier. (a) 4-Q speakers are connected to 8-{2 amplifier taps. 8 and 16-Q speakers connect to 16-( taps.
(b) By blending the inputs it is possible to cancel out undesired crosstalk.
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LOW-DISTORTION AMPLIFIER/COMPRESSOR
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ELECTRONIC DESIGN Fig. 5-10

Designers can build a 15-dB compressor with a miniature lamp and a current-feedback amplifier. The
circuit possesses extremely low distortion at frequencies above the lamp’s thermal time constant. This
means that distortion is negligible from audio frequencies to beyond 10 MHz. There’s also relatively little
change in phase versus gain compared to other automatic gain-control circuits. Lastly, the circuit has many
instrumentation, audio, and high-frequency applications as a result of its low distortion and small phase
change.

The AD844 op amp is a perfect fit for this application because it’s a current-feedback amplifier. Each
stage of the circuit, U2, lamp, and feedback resistor compresses an ac signal by over 15 dB (see the fig-
ure), Cascading a number of stages delivers higher compression ranges.

Op amp Ul operates as a unity-gain buffer to drive the input to the compressor. However, Ul is
optional if a low-impedance signal source is used. The lamp’s resistance will increase with temperature,
which reduces the ratio of resistor R3 to the resistance of the lamp. This ratio reduces the gain of U2. The
lamp’s cold resistance should be greater than the input resistance of U2 (more than 50 {) for proper oper-
ation. The lamp’s resistance will change slightly for low input levels. Therefore, the ratio of R3 to the
resistance of the lamp and the gain of U2 stays high.
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6

Audio Scramblers

’.[‘he sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Voice Scrambler/Descrambler
Voice Scrambler/Disguiser Circuit
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VOICE SCRAMBLER/DESCRAMBLER
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POPULAR ELECTRONICS Fig. 6-1

This circuit uses an NE602 as an inversion mixer. U2 is set to run at about 2.5 to 3.5 kHz. U3 drives a
loudspeaker. Because speech inversion scrambling is its own inverse, the circuit will alse descramble.
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VOICE SCRAMBLER/DISGUISER CIRCUIT
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HANDS-ON ELECTRONICS

Fig. 6-2

This circuit uses two balanced modulators to produce a DSB signal and then reinsert the carrier,
except the carrier now has a different frequency. This causes an input signal to be distorted. A voice signal
will be recognizable with this circuit, but the original speakers’ voice will not be identifiable with correct

adjustments.

Two LM324 op amps act as oscillators that are tuneable from 2 to 3.5 kHz. The frequencies are set
with R12 and R13. T1, T2, and T3 are 600 2 CT/600 £ audio transformers—available from Mouser Elec-

tronics, Inc.

27



7

Audio Power Amplifiers

’rhe sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.

12-V/20-W Stereo Amplifier

General-Purpose 5-W Audic Amplifier with ac Power Supply
Bull Horn

Receiver Audio Circuit

Audio Amplifier

8-W Audio Amplifier

Simple Op Amp Audic Amplifier
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12-V/20-W STEREO AMPLIFIER
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POPULAR ELECTRONICS Fig. 7-1

This amplifier delivers 20 W per channel. Input sensitivity is about 300 mV into 47 kQ. Notice that a
bridged output is used, so the speakers are operated with both wires above ground. A +12-V supply is
used. Ul and U2 must be heatsinked.
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GENERAL-PURPOSE 5-W AUDIO AMPLIFIER WITH ac POWER SUPPLY
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RADIO-ELECTRONICS

Fig. 7-2

This general-purpose low-power (5 W) audio amplifier is suitable for driving a speaker of approxi-
mately 8 to 12 inches. A Sanyo LA4460 IC is used as the audio output IC. The circuit consists of a loud-
ness control, driver amplifier Q1, and bass and treble controls of about +10 dB boost/cut. It should be
useful in a wide variety of situations. Either the ac supply shown can be used, or a 12 Vdc supply can be
connected to points A&B (positive) and C (negative). Two of these circuits, using ganged potentiometers
at R2, R7, and R11 can be used for stereo applications. T1 is a 12-V 1-amp plug-in transformer. Notice
that IC1 must be heatsinked. Power output is about 5 W. A 4" x2" x 0.050" aluminum heatsink should be

adequate.
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BULL HORN
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This bull horn uses U1 as a driver stage and U2 as an output driver, Ul is set up for a gain of 200. The
microphone should have about 200-mVpp output. The two sections of U2 produce about 4-W of output
power. Use shielded cable for all audio leads. Power is a 6-to 9-V battery or other source.

RECEIVER AUDIO CIRCUIT
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POPULAR ELECTRONICS < "USED ON LM-386N-4 Fig. 7-4

ONLY

This simple receiver AF amplifier can supply several hundred milliwatts to an 8-0 speaker. The gain is

about 200X. If high gain is not needed, C2 can be deleted and a gain of 20 will be obtained. R1 and C6 are
musts, otherwise ultrasonic (30 to 60 kHz) oscillations might occur. C6 can be 0.1 uF on all LM386N
versions for protection against these oscillations. The supply voltage is typically 6 to 12 V. No heatsink is
necessary, but good grounding is a must.
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AUDIO AMPLIFIER
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This amplifier will deliver around 20 W to an 8- speaker.
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8-W AUDIO AMPLIFIER

This audic power amp (built around an LM383
8-W, audio power amplifier) can be used to boost an
audio signal to a sufficient level so that it can be
heard in a high-noise environment. Note that
LM383 should be heatsinked.
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Fig. 7-6
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SIMPLE OP AMP AUDIO AMPLIFIER
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A CA3140 drives a complementary output
stage Q1, Q2, and Q3. Qutput power depends on
supply voltage and limits on dissipations of Q2 and
Q3, but it can be 1 or 2 W with a higher impedance
speaker and a 30-V supply.
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8

Audio Signal Amplifiers

’Dle sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.
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Preamplifier for Magnetic Phono Cartridge
Simple Tape Playback Amplifier
Low-Noise Phono Preamp

Simple 40-dB Gain Amplifier
Ultra-Low-Noise Magnetic Phono Preamp
Impedance-Matching Preamp

Low-Noise Amplifier

Low-Noise 1 000 x Preamp

Simple Microphone Preamp

Electric Guitar Matching Amplifier
Universal Audio Line Amplifier

CD4049 Amplifier

Low-Noise Audio Preamp
Low-Impedance Microphone Preamp
Microphone Preamp

General-Purpose Preamp



PREAMPLIFIER FOR MAGNETIC PHONO CARTRIDGES
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ELEKTOR ELECTRONICS Flg. 8-1

This amplifier is intended to be added to preamplifiers that have no phono input. Such a phono input is
required for normal record players with a dynamic pick-up, of which millions are still around. Moreover, the
amplifier dees not only bring the output of the pick-up to line level, it also adds the correction to the fre-
quency response (according to RIAA requirements).

When recording gramophone records, the frequency characteristic is lifted at the high end. This lift
must be countered in the playback (pre)ampiifier. The corrections to the frequency response characteris-
tic are according to a norm set by the Record Industries Association of America (RIAA) and also by the
IEC.

The corrective curve provided by the amplifier is shown in the graph (bold line). The thin line shows
the ideal corrective curve. The sharp bends in this at 50 and 500 Hz are nearly obtained in the practical
curve by network R3/C2; just above 2 kHz is approached in practice by filter R5/R6/C3. The arrangement
of R3/C2 in the feedback loop of IC1 gives noticeably better results than the usual ( passive) filter approach.

Circuit IC1 provides a dc amplification of 40 dB, which drops to about 20 dB when the frequency rises
above 500 Hz. To minimize the (resistor) noise and the load of the op amp at higher frequencies, the value
of R3 is a compromise. The associated polystyrene capacitor, C2, should have a tolerance of 1 to 2%,

To raise the 2-mV output of the dynamic pick-up to line level at 1 kHz, linear amplifier IC2 has been
added. This stage has a gain of 22 dB, so a signal of 250 mV is available at its output.

Capacitors C4/C5 at the output, in conjunction with the input impedance of the following preamplifier,
form a high-pass filter with a cut-off frequency of 20 Hz; this serves to suppress any rumble or other low
frequency noise. The value of C1 is normally given in the instruction booklet of the dynamic pick-up.

The power supply for the amplifier must be of good quality. Particularly, the transformer should be
class Al with a small stray magnetic field.

When the amplifier is built into the record player (best), the power supply should not be included
unless it is very well screened; otherwise, hum is unavoidable.
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SIMPLE TAPE PLAYBACK AMPLIFIER
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This circuit uses an LM381/1A as a tape pre-
amp. The feedback network includes NAB Equali-

zation.

LOW-NOISE PHONO PREAMP
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This circuit uses an LM381/1A as a low-noise
phono preamp. The feedback network provides
RIAA compensation.

SIMPLE 40-dB GAIN AMPLIFIER
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RADIO-ELECTRONICS Fig. 8-4

An LM382 low-noise preamp is used here to
obtain a 40-dB gain amplifier, using only the IC and
three peripheral components.

ULTRA-LOW-NOISE MAGNETIC
PHONO PREAMP
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RADIO-ELECTRONICS Fig. 8-5

This phono preamp uses an LM381/1A in a cir-
cuit that includes RIAA equalization. Adjust R7 for
a voltage that is equal to half of the supply voltage
(=16.5V).
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IMPEDANCE-MATCHING PREAMP
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POPULAR ELECTRONICS Fig. 8-6

This circuit will match a crystal microphone to
a device that requires a low-impedance dynamic
microphone.
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This low-noise LM381/1A noninverting ampli-
fier has a gain of 100,

LOW-NOISE 1 000 x PREAMP
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An LM381A is used here as a low-noise pre-
amp with a gain of approximately 1000x. Adjust
R5 for 12 V at pin 7, assuming a 24-V supply.

SIMPLE MICROPHONE PREAMP
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POPULAR ELECTRONICS Fig. 8-9

This preamp uses a small dynamic microphone
coupled to the gate of Q1. Rl is a load resistor.
Audio is taken out between the negative side of C1
and ground. Qutput will be between 10 and 100
mVpp, depending on the microphone.
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ELECTRIC GUITAR MATCHING AMPLIFIER
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ELEKTOR ELECTRONICS Fig. 8-10

An electric guitar often has to be connected to a mixing panel, a tape deck or a portable studio. As far
as cabling is concerned, that is no problem, but matching the high impedance of the guitar element to the
low impedance of the line input of the mixing panel or tape deck is a problem. Even the so-called high
impedance inputs of those units are not suitable for the guitar output. When the guitar is connected to
such an input, hardly any signal is left for the panel or deck to process.

It would be possible to connect the guitar to the (high impedance) microphone input, but it is normally
far too sensitive for that purpose; guitar clipping occurs all too readily.

The matching amplifier presented here solves those problems: it has a high-impedance (1 MQ) input
that can withstand voltages of over 200 V. The output impedance is reasonably low. Amplification is x 2 (6
dB). Dual tone control, presence control, and volume control are provided.

The circuit can handle input levels of up to 3 V. Above that level distortion increases, but that is, of
course, a good thing with guitar music. Real clipping of the input signal does not occur until much higher
levels than are obtainable from a guitar are applied. Power is supplied by a 9-V (PP3) battery from which
the circuit draws a current that does not exceed 3 mA.




UNIVERSAL AUDIO LINE AMPLIFIER

+

+24V/ = 4mA

ELEKTOR ELECTRONICS Fig. 8-11

A line amplifier is always a useful unit to have around, whether it is for matching a line signal or raising
its level somewhat. This might be needed during a recording session or with a public-address system.
Furthermore, a line mixer can be constructed from a number of these amplifiers. The input of the amplifier
is high-voltage proof. The output impedance is low.

The circuit is a conventional design: two dc-coupled stages of amplification are separated by a three-
fold Baxandall tone control system. The volume control at the input is conspicuous by having its ‘‘cold’’
side connected, not to ground, but to the output of the first amplifier. Because the signal there is out of
phase with the input signal, the amplifier obtains negative feedback via P1. The amplification is therefore
inversely proportional to the magnitude of the input signal. Thus, it is possible for the amplifier to accept a
wide range of input levels. It is quite possible to input a signal taken directly from the loudspeaker termi-
nals of a power amplifier.

The supply voltage is 24 V. At that voltage, the amplifier draws a current of about 4 mA. If several
amplifiers are used in conjunction (as, for instance, in a mixer panel), the various supplies (+ and + + in
the diagram) can be interlinked. Capacitors C17 and C18, and resistor R7 don’t need to be duplicated in
that case,
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CD4049 AMPLIFIER
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When an inverter is biased with one resistor from its input to output in the range of 100 kQ to 10 MQ
and is capacitor coupled, it exhibits amplifier characteristics (see the table).

Furthermore, when a split power-supply bus is needed and only one battery is used, the inverter can
be configured to supply a pseudo-dc ground of relatively low impedance, coincident with the ac ground
(see the figure). Depending on the magnitude of the dc ground return currents, anywhere from one
inverter to several in parallel are sufficient. Also, the supply buses must be capacitor bypassed.

The configured input-to-input shorted inverter now acts as a voltage regulator that sinks and sources
current. In this configuration, the inverter is forced to operate at the midpoint of its transfer characteristic.
This divides the battery potential into two equal parts—as referenced to the defined dc ground by virtue of
its internal gain and physical structure. Op amps such as the LM324A, can be powered from one battery
while being referenced to the dc ground that is generated by the inverter. This novel technique surpasses
the use of discrete resistors for battery potential dividing. It can be employed in other applications where
individual component savings and improved design performance are needed.
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A low-noise LT1115 (Linear Technology, Inc.) op amp is coupled to a class-A buffer amplifier to pro-
duce a variable gain (12-to-50 dB) microphone preamp. THD is less than 0.01% from 80 Hz to over 20
kHz. The transformers must be properly grounded and shielded.

LOW-IMPEDANCE MICROPHONE PREAMP
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POPULAR ELECTRONICS = Fig. 8-14

This amplifier uses a common-gate FET amplifier to match a low-Z microphone.
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This circuit is used to interface a high-impedance microphone to a radio transceiver that requires a
Jow-impedance microphone. The supply voltage can be either a battery or taken from the transceiver the
circuit is used with.
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POPULAR ELECTRONICS Fig. 8-16

This amplifier is useful for audio and video applications. Gain is set by Ryand the voltage gain of this
amplifier is approximately 1+ R,/560, where Ryis in ohms. Bandwidth depends on gain selected, but typi-
cally it is several MHz. R;=5.1 k2, which produces a gain of 10x (20 dB) voltage.
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9

Automotive Instrumentation Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 661. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Digital Qil-Pressure Gauge

Water Temperature Gauge

Automotive Electrical Tester

Digital Vacuum Gauge

Digital Fuel Gauge

Analog Expanded-Scale Meter for Autos
Digital Pressure Gauge

Voltage Gauge

Digital Miscellaneous Temperature Gauge



DIGITAL OIL-PRESSURE GAUGE
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RADIO-ELECTRONICS

This gauge uses a sensor in conjunction with R1 to develop a dc voltage proportional to oil pressure.
IC1 and IC2 form a two-digit DVM. Q1 and Q2 are display selectors for the multiplexed dispiay. IC1 pro-
vides the necessary +5 V to the circuitry. Calibration is via R11 and zero adjust via R17.

WATER TEMPERATURE GAUGE
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RADIO-ELECTRONICS Fig. 9-2

This gauge is similar to the miscellaneous temperature gauge, except that a thermostat is used as a
sensing element.
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AUTOMOTIVE ELECTRICAL TESTER

This little tester is useful for checking vehicle
electrical circuits. Two LEDs indicate whether one
of the clips is connected to the positive supply line
(red) or to ground (green).

The unit is powered by the vehicle battery. It is
advisable to terminate the unit into two insulated
heavy-duty crocodile clips. These enable connec-
tion to be made directly to the battery or to termi-
nals on the fuse box.It is also possible to terminate
it into a suitable connector that fits into the ciga-
rette lighter socket. If a sharp needle is soldered to
one of the terminals, it is possible to check insu-
lated wiring—but only those that carry 12 V.
Although the needle pierces the insulation, it does
not damage it.

raen

ELEKTOR ELECTRONICS Fig. 9-3
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RADIQ-ELECTRONICS Fig. 9-4

A bridge circuit is used to produce a signal from the output of vacuum sensor IC1. IC2h provides
about a 0.2 V offset for IC4, the A/D converter. IC2b and d are voltage followers that drive differential amp
IC2a. The output of this circuit is used to drive IC4 and IC1, the display drivers.
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DIGITAL FUEL GAUGE
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RADIO-ELECTRONICS

This circuit uses 2 digital voltmeter (formed from IC1 and IC3) to display fuel quantity as a percentage
of a full tank. In order to work with two kinds of fuel sensors, low resistance =full. Where higher resis-
tance = full, IC2 forms a dc amplifier that has both inverting (path A) or noninverting (path B) outputs, and
calibration adjustments for each path.

ANALOG EXPANDED-SCALE METER FOR AUTOS

b1 R1
TNA735A 12K
BATT + ~a—r—Jd—9
+
R & mi
1K-15K P O-1mA
-

POPULAR ELECTRONICS Fig. 9-6

Zener dicde D1 is used to suppress the first 6
V of the scale, which gives a meter reading of 6 to 8
V—useful for automotive electrical system monitor-

ng.
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DIGITAL PRESSURE GAUGE
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RADIO-ELECTRONICS Fig. 9-7

Using an intersil ICL 7106 A/D converter chip and an LED display module, this gauge uses a Sensym
Corp. pressure transducer SX100pn (100 psi full scale) in a Wheatstone bridge configuration to drive an op
amp (IC1a, b, ¢) translator circuit that supplies a dc voltage to IC2 that is proportional to pressure. R6 sets
the gain of IC1A (full-scale sensitivity) and R16 supplies a zero adjustment. IC3 provides regulated +5V
to power the circuit.
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RADIO-ELECTRONICS Fig. 9-8

This circuit uses an RCA CA3162E (IC2) A/D converter. This converter has 12-hit cutput (BCD)
which is sent to display decoder driver IC1. +5 Vis obtained from IC1. R17 adjusts to 0 and R11 should
be set to produce correct calibration of gauge unit. Displays are common cathode types. No limiting resis-
tors are necessary because the output drivers are constant current. R15 and R16 sample the applied volt-
age (usually 8 to 18 V). LED1 is used to illuminate the gauge legend (Volts, Temp, etc.).
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DIGITAL MISCELLANEOUS TEMPERATURE GAUGE
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RADIO-ELECTRONICS Fig. 9-9

A diode (IN4148) is used as a temperature sensor. IC2 is an A/D converter with BCD output. A refer-
ence voltage set by R7 is applied to the positive input of IC2. As the temperature increases, the voltage
across the temperature sensor resistance decreases. This increases the differential input voltage across
pins 10 and 11 of IC2. R3 adjusts low calibration. R17 zeros the A/D converter and R7 adjusts high calibra-

tion.




10

Automotive Security Circuits

’Hle sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Automatic Arming Auto Alarm

Backup Beeper

Auto Turn-Off Alarm with 8-Minute Delay
Auto Alarm

Auto Ignition Cut-Off

Car Alarm with Horn as Loudspeaker
Automotic Turn-Off Alarm with Delay
Single-IC Alarm

Low-Current Simple CMOS Alarm
Back-Up Alarm
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AUTOMATIC ARMING AUTO ALARM
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POPULAR ELECTRONICS Fig. 10-1

The circuit automatically turns on when the car is turned off. It gives you a variable time to get out and
lock up, and also provides a variable time delay to get in and start the car.

The 555 oscillator/timers are always powered down when the car is on. That keeps the alarm from
going off while you're driving. As soon as the car is turned off, Q2 switches off and shunts power to Ul.
When that happens, Ul immediately sends its output high, keeping Q3 on, and thereby prevents power
from returning to U2,

Transistor Q2 also sends power to Q3's collector to be used only when Ul has completed its timing
cycle. When Ul has finished, it turns Q3 off, which in turn activates Q4, and sends power to the balance of
the circuit. That timing period was the time needed to get out of the car. LED1 indicates that the system is
disarmed and LED2 indicates that the system is armed.

At this point, U2 waits for a trigger pulse from the car’s door switches or dome light. A positive
imptlse at the 4011’s input sends a negative trigger pulse to the first stages of U2, which is connected as a
cascading timer. The first stage’s output becomes high for a time to allow the car to be turned on.

If that does not happen, the first stage’s output lowers, which sends a low trigger pulse to the second
stage. The second stage then sends its output high, turning on Q5, which sounds the alarm for a given
time. Once that time has elapsed, the alarm is shut off by a low output to Q5 and the system is reset. If the
car door is closed or a second door opened while the alarm is sounding, the first stage retriggers and pre-
pares to extend the ON-time of the alarm.

The cascading or counting action continues until the car is left alone. You can add a switch on the
positive supply rail at J3 to override and silence the alarm, if (for example) you plan to work on the car.
Switch S1 is a normally closed type that is built into the case of the alarm; S1 is pushed to the open posi-
tion when the case is mounted flush with a surface. Any attempt to remove the alarm will sound the alarm.
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BACKUP BEEPER
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POPULAR ELECTRONICS Fig. 10-2

When the vehicle’s backup lights kick on, or when the manual switch (S1) is closed, a small current is
fed to the base of Q1. Transistor Q1 allows current to flow through it and, if the enable switch (S2) is
closed, it sends 12 V to U1, a 555 timer. Timer U1 sends high pulses that last 0.977 13 s and low signais
that last 0.488 565 s to the base of Q2. When U1 switches Q2 on, it sends 12 V to BZ1, a piezoelectric
buzzer. For best results, the buzzer should be mounted under the vehicle—somewhere where people
around the car can hear the warning beeps.
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AUTO TURN-OFF ALARM WITH 8-MINUTE DELAY

+12VDC = v ’
0] D2
A3 2N3906 1N4001
6.8% RS &
1 8 3 16 QUTPUT 4705!::
:; R1 CZ'T‘ N.O.
15K K
o1 I ic2 11 o——o-r4 A\
599 :54%»( e RAd b M LED1 @D
3 6 9 o H
— IMEGS —o—+4 INTRUDER
4 5 8 10 8: INDICATOR
+ L D3
2R C3 *
ol 100uF | D1 ndom
(MYLAR) _ i
RADIO-ELECTRONICS Fig. 10-3

This circuit uses a NE555 timer and CD4020B. When + 12 Vdc is applied to the circuit, the output of
IC2 is set low via C2, which turns on the relay, and IC1, a pulse generator. IC1 pulses counter IC2. After
8192 clocks, IC2 output (pin 3) goes high, cuts off Q2, and completes the cycle.
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AUTC ALARM
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POPULAR ELECTRONICS

51 is external key switch. The alarm allows a 0- to 45-s delay after S1 is operated before the circuit is
armed. During this period, LED1 lights green. After this delay, LED1 lights red, which indicates that the
circuit is armed. Then, sensors S2 through $4 -(NQ) or S5 through S6 (NO) pull pin 2 of U2 low, which
activates K1 and sounds the alarm. The alarm sounds for a duration determined by R4 and C2. After this
time, K1 releases and the circuit is again ready. Manual reset is via the key switch, S1.
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Fig. 104
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Fig. 10-5

Using an SCR/relay combination, this circuit
can be made to cut off ignition, unless a positive
voltage is applied to‘the gate of the SCR. This is
useful as an anti-theft device, because depending
on hook-up, the car will not start unless a certain
accessory or a hidden switch is closed.
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CAR ALARM WITH HORN AS LOUDSPEAKER
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POPULAR ELECTRONICS Fig. 10-6

An auto horn will work as a speaker of limited audio-frequency range. This circuit uses a 555 timer as

an oscillator to drive an MJE34 transistor, which in turn drives the horn. Normal horn operation is ensured
by blocking diode D4.

AUTOMATIC TURN-OFF ALARM WITH DELAY
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RADIO-ELECTRONICS Fig. 10-7

In this circuit, IC1A and IC1B act as a monostable multivibrator. Any input from the sensors S1
through S5 forces IC1A to produce logic low, which causes IC1B to turn on Q1 until C3 changes through
R6. This action resets the latch formed by IC1A and IC1B.

54



SINGLE-IC ALARM
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With a single IC, you can build a simple, reliable auto burglar alarm or a similar alarm. See (a) for the
timing information for the alarm circuit in (b).

When you leave your vehicle, flip the arming switch and close the door behind you 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 that is determined by the second timer,

The value of R should be less than 1 k2. 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 to ground, use a single transistor as
an inverter at the input. Although this circuit’s stmplicity has its drawbacks, you can add more features,
such as no-entry delays for the hood and trunk, and retripping when doors remain open.
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LOW-CURRENT SIMPLE CMOS ALARM
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RADIO-ELECTRONICS Fig. 10-9

This CMOS-aided alarm draws only 1 uA standby current. An open sensor allows IC1 to bias Q1 on,
activating RY1.
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POPULAR ELECTRONICS Fig. 10-10

The brake lights of the automobile trigger this circuit on and off. This saves the annoyance of the alarm
when it is not needed.
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11

Automotive Light Circuits

rﬁle sources of the following circuits are contained in the Sources section, which begins on page 662, The
figure number in the box of each circuit correlates to the entry in the Sources section.

Car Lights Monitor

Rear Fog Light Controller with Delay
Interior Convenience Light

Third Brake Light

Lights-On Warning

Car Headlight Control

Night Safety Light for Autos
Lights-On Reminder for Autos
Automobile Lights-On Reminder
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CAR LIGHTS MONITOR
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ELEKTOR ELECTRONICS Fig. 11-1

This circuit is for the purpose of monitoring automotive lighting. Two special ICs are available from
Telefunken that are designed to measure the current through a light bulb. In practice, detecting whether a
current flows through a bulb or not is a most suitable way of determining whether the bulb still works.

If a small resistance is connected in series with a bulb, a small voltage drop will develop across it when
the bulb Lights (R1 and R2 in the diagram). Each IC can cope with only two bulbs, so three or four ICs are
needed per car. The junction of the bulb and resistor is connected to one of the inputs (pin 4 or pin 6) of
the IC. The potential across the resistor is compared in the IC with an internal reference voltage. Depend-
ing on which of the two ICs is used, the voltage drop must be about 16 mV (U477B) or 100 mV (U478B).
This voltage drop is so small that it will not affect the brightness of the relevant bulb.

The value of the series resistor is determined quite easily. If, for instance, it is in series with the brake
light (normally 21 W), the current through the bulb, assuming that the vehicle has a 12-V battery, is
21+12=1.75 A. The resistance must then be of 16+1.75=9 mQ (U477B) or 100+1.75=57 m{}
(U4788),

These resistors can be made from a length of resistance wire (available from most electrical retailers).
Failing that, standard circuit wire of 0.7 mm diameter can be used. This has a specific resistance of about
100 mQ per meter. However, in most cars, the existing wiring will have sufficient resistance to serve as
series resistor.

LEDs can be connected to the outputs of the IC (pins 3 and 5). These will only light if the relevant car
light fails to work properly.
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REAR FOG LIGHT CONTROLLER WITH DELAY
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Fig. 11-2

We assume that most of our readers are thoughtful drivers who do not switch on their rear fog lights
when closely followed by other traffic. Following drivers (for an instant) will think that you are braking
(atthough they have seen no reason for your doing so) and thus slam on their brakes as well. This could
cause a very dangerous situation. Avoid a potentially dangerous action and install the rear fog light delay
circuit, presented here.

Switch S1 is the on/off control for rear fog lights L1 and L2. As soon as this switch is closed, the gate-
source voltage (Vgs) of MOSFET T1 will become more and more negative. Thus, the IC will conduct
harder and harder. This in turn causes the brightness of the lights to gradually become brighter. Maximum
brightness is reached after a delay of about 20 seconds, which is determined by time constant R2/C1.

The gate of T1 can be given a bias by preset P1. This provides compensation for the initial period after
the lights are switched on and the lamps do not light, because they need hundreds of milliamperes before
they can do so. With P1 set correctly, the lamps will light, albeit weakly, and immediately the control
switch is closed. The gate potential is then equal to the voltage at the wiper of P1 (remember that C1 is
then still discharged).

Although the dissipation of T1 is a maximum during the transitional period (between switch on and the
lamps lighting brightly), the heatsink required is calculated on the basts of the dissipation when the lamps
light brightly. ' :
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Fig. 11-4

THIRD BRAKE LIGHT

The circuit is designed to light (via SCR1 and
SCR2) only when both the left and right brake
lights are activated. The circuit operates on 12-V
negative-ground systems. When the brake pedal is
depressed, 12 V is applied to the left and right
brake lights. The gates of the two SCRs are trig-
gered and current flows through the SCRs, which

turns on the third brake light.

LIGHTS-ON WARNING
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Fig. 11-5

Because power for the circuit is obtained from the car’s side lights, the circuit can’t oscillate unless
the lights are on. The reset pin on the 555 connects to transistor Q1. The base of Q1 is connected through
R1 to the ignition auxiliary terminal on the car’s fuse box. When the ignition is turned on, power is sup-
plied to the base of Q1, which turns it on. With Q1 turned on, pin 4 of Ul is tied low, which disables the
oscillator and inhibits the alarm. If the ignition is turned off while the lights are on, power is applied to the
555 and Q1 is turned off, and the alarm starts. Switch S1 is an optional override.
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CAR HEADLIGHT CONTROL

It is annoying to realize that you have left vour
l I + car headlights on only to find that the battery is flat.
y

One possible way to prevent this is with the present
control.
™ A The circuit does not provide a warning, but an
action: when you switch off the ignition, relay Rel
TIC106 is de-energized and the headlights are switched
off—unless you deliberately decide otherwise. That
% h2 decision is made possible by switch 51, which,
! a when operated, triggers silicon-controlled rectifier
1N4001 Thl so that Rel is energized. Notice that this is
o2 Ret possible only when the ignition switch, 82, is off.
[ )=====1 Otherwise, the voltage across Thl is so low, owing
1Na001 to shunt diode D1, that it cannot be triggered.
.® However, the headlights should not normally be
-©) switched on when the ignition is off; in most cases
S1 will be used only rarely and the switch can then
be omitted altogether, The relay should be a stan-
dard 12-V car type with contacts that can switch up
to 25 A.

ELEKTOR ELECTRONICS Fig. 11-6
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POPULAR ELECTRONICS Fig. 11-7

This circuit turns on the brake lights of a parked car when the headlights of an oncoming car are
detected, warning the driver of the oncoming car about the parked vehicle. LDR4 is the sensor. LDR1
disables the circuit by causing U1 gate input to be pulled high during daylight hours, causing pin 2 of Ula to
become low, disabling it and the circuit.
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LIGHTS-ON REMINDER FOR AUTOS
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The circuit can be used to give a visible or an audible warning that the headlights are on. It uses a
2N1305 transistor as a switch to turn on a Sonalert tone generator or a small 12-V lamp. Operating current
for the transistor is supplied from the wire that feeds the headlights. When the ignition is on, the transistor
is biased off and the alarm is not activated. Turning off the ignition while the lights are on sets off the

alarm.
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Automotive Electronic Circuits

r.[‘he sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section,

Solid-State Windshield-Wiper Delay
Electronic Ignition

High-Power Car Audio Amplifier
Windshield Wiper Interval Controller
Voltage Regulator for Cars and Motorcycles



SOLID-STATE WINDSHIELD-WIPER DELAY
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RADIO-ELECTRONICS Fig. 12-1

In the wiper-delay schematic shown, with the ignition on, D1 maintains regulated + 12 Vdc. When 51
closes, C1 bypasses transients and passes this +12 Vdc to divider R2-R3, producing a TTL high at pin 3
of IC1, 2 4013 CMOS dual leading-edge triggered D-type flip-flop. Filter R4/C3 keeps IC1 from triggering
erroneously when the ignition is on. When S1 is pressed, output Q1 (pin 1) of IC1 latches high, turning on
Q1, which conducts via R5, turning on IC2; LED1 indicates power, and R6 sets the current. Because [C2
depends on Q1 for power, IC2 stays off until Q1 turns on.

The left half of IC2 is an astable, with its delay set by R7, R8, R11, and C4. The right half of IC2 is a
monostable, with its pulse duration set by R9 and C5. With the values used, you might expect R11 to vary
the delay from about 15 to 84 seconds, with a 2.42-second monostable pulse operating the wiper blades on
each cycle. However, the actual delay will range between 2 to 18 s, with a 1-s monostable pulse on each
cycle. That discrepancy stems from the fact that IC2 is being fed from the emitter of Q1, rather than
directly from the regulated +12-V supply. Transistor Q1 acts as an active current source, charges and
discharges C4 faster than it ordinarily would.

The astable output (OUT1, pin 5) is tied to TRIG2 (pin 8). When OUT2 (pin 9) becomes high, Q2 is
biased via R10 and current flows through RY1, with D2 dissipating back-emf when RY1 shuts off.
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ELECTRONIC IGNITION
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ELEKTOR ELECTRONICS Flg. 12-2

This electronic ignition circuit is intended to be inserted into a car’s conventional ignition system. In
effect, it replaces the original 12-V switching circuit in the primary winding of the coil by one generating
more than 100 V. It thereby converts a current circuit, which is upset by lead and stray resistance, into a
voltage circuit that is much more efficient.

The pulses emanating from the contact breaker, shown at the extreme lower left-hand side of the dia-
gram, are applied to transistor T1 and subsequently differentiated by R3/C1. This causes a negligible igni-
tion delay. The current through the contact-breaker points is determined by the value of R1. This value has
been chosen to ensure that the points remain clean.

Transistor T1 is followed by two monostables, IC1A and IC1B, which are both triggered by the output
pulses of T1. However, whereas IC1A is triggered by the trailing edge, IC1B is triggered by the leading
edge.

Monostable IC1A passes a pulse of about 1.5 ms (determined by R4/C2) to NAND gate IC2A. This
gate switches off high-voltage Darlington T3 via gates 1C2B, IC2C and IC2D, and driver T2, for the dura-
tion of the pulse. Gate IC2 ensures that T3 is switched on only when the engine is running, to prevent a
current of some amperes flowing through the ignition coil.

As long as pulses emanate from the contact breaker, IC1B is triggered and its @ output remains logic
high. The mono time of this stage is about 1 s and is determined by R5/C3,

Darlington T3 is switched on via T2 and [C2A through IC2D as long as IC1A does not pass an ignition
pulse. When the engine is not running, the @ output of IC2B goes low after 1 s and this causes T2 and T3
to be switched off. The two series-connected 180-V zener diodes protect the collector of the BU932R
against too high of a voltage. The Darlington must be fitted on a suitable heatsink.
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HIGH-POWER CAR AUDIO AMPLIFIER
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Fig. 12-3

This stereo amp will supply 60 W rms into 8 & or 100 W rms into 4 ). Notice that the LM12C1 line
level (about 300 mV) into 5 KQ. A +35-V supply is required for full power output. Power can be obtained

from a de-dc converter.
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WINDSHIELD WIPER INTERVAL CONTROLLER
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Fig. 12-4

The windshield wiper interval circuit presented
here is very compact and is noteworthy for its use
of two thyristors, instead of a relay. It has only two
connections and operates without any problems—
even in conjunction with multistage wiper circuits.

The comnecting wire between the wiper motor
and terminal 53 is cut and new connections are
made (as shown in the diagram). When the interval
switch, S1, is closed, capacitor C1 charges via P1
and the wiper motor. After a time set with P1, tran-
sistor T1 switches on and triggers the thyristors.
The wiper motor is then energized via the thyris-
tors and D3 and sets the wipers into motion. At the
same time, C1 discharges via D2 and the thyris-
tors.

After a short time, the wiper stop switch con-
nects terminal 53 to the +12-V line so that the
wiper motor is energized via D4. The thyristors are
switched off because the voltage drop across D3
plus Th1/Th2 is then greater than that across D4.
When the wipers reach the end of their travel again,
the stop switch connects terminal 53 to ground and
enables C1 to charge again.

VOLTAGE REGULATOR FOR CARS AND MOTORCYCLES
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RADIO-ELECTRONICS Fig. 12-5

This regulator circuit can be used on an alternator that has one field terminal grounded. When +V
(input) gets too high, Q1 conducts, and the base of Q2 is driven toward ground, reducing the voltage fed to
Q3. This lowers the voltage fed to the field of the alternator,
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13
Battery Chargers

F.nle sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Portable Nicad Charger

Battery Charger

Current-Limited 6-V Charger

12-V Battery Charger

+12-Vdc Mohile Battery Charger
Charger Extends Lead-Acid Battery Life



PORTABLE NICAD CHARGER
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The portable charger is intended primarily to give model enthusiasts the opportunity of charging their
Nicad batteries from a car battery out in the open. The supply voltage for the circuit is regulated by IC1.

When the circuit is connected to the car battery, D2 lights only if the Nicad to be charged has been
connected with correct polarity. For that purpose, the + terminal of the Nicad battery is connected to the
base of T1 via R8. Because even a discharged battery provides some voltage, T1 is switched on and D2
lights.

Orly if the polarity is correct will the pressing of the start switch, 51, have any effect. If so, the collec-
tor voltage of T1 is virtually zero so that monostable IC2 is triggered by 51. The output, pin 3, of this
CMOS timer then becomes high, T2 is switched on and relay Rel is energized. Charging of the Nicad
battery, via R5 and D6, then begins and charging indicator D4 lights. During the charging, C4 is charged
slowly via P1 and R4. The value of these components determines the mono time of 1C2 and thus the
charging period of the Nicad battery. With values as shown in the diagram, that period can be set with P1
to between 26 and 33 min. Notice that this time is affected by the leakage current of C4; use a good-quality
capacitor here. The charging can be interrupted with reset switch S2.

The charging current through the Nicad battery is determined by the value of R, which can be calcu-
lated:

R 12~ (0.7 + 1.3x no. of cells)
I

[2]

I, s the charging current, which is here because the chosen charging period is twice the nominal
value of the capacity of the Nicad battery. Resistor R must be able to dissipate a power of 7,2 R W, Finally,
make sure that the Nicad battery is suitable for fast charging; never charge for longer than half an hour!
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BATTERY CHARGER
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This high-performance charger quickly charges
gelled lead-acid batteries, and turns off at full
charge. At first, the charge current is held at 2 A,
but as battery voltage rises, current decreases.
When current falls to 150 mA, the charger automat-
ically switches to a lower float voitage to keep from
overcharging. When you hit full charge, transistor
Q1 lights the LED to indicate that status.
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An LM317HV regulator is used as a current-
limited charger. If current through R4 exceeds 0.6
A, Q1 is biased on, which pulls the AD] terminal of
the LM317 HV to ground and reduces the battery-
charging current.
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POPULAR ELECTRONICS Fig. 134

This simple charger uses an LM350 regulator
as a battery charger.
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+ 12-Vdc MOBILE BATTERY CHARGER

RECHARGEABLE
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Cell Size Amp/hr Rate R4 value (14 hr rate)
N 150 mA 120 ohms @ .25-watt
AA 500 mA 47 ohms @ .5 watt
C 1500 mA 12 ohms @ .5 watt
D 1500 mA 12 ohms @ .5 watt
D 4000 mA 3.3 ohms @ 2 watt
(High capacity)
POPULARELECTRONICS Fig. 13-5

This circuit provides up to 20 V output from a 12-V automotive supply, to enable constant current
charging of Nicad battery assemblies up to about 18 V total. V1 forms a square-wave oscillator, D1 and D2,
coupling this square wave to the 12-V battery supply to obtain over 20 Vdc. If this is not needed, S1 is left
open. Q1 forms a current regulator to determine the charging rate of the rechargeable battery. R4 is
selected from the table or it can be switched with a rotary selector switch.
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CHARGER EXTENDS LEAD-ACID BATTERY LIFE
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The circuit furnishes an initial charging voltage of 2.5 V per cell at 25°C to rapidly charge a battery.
The charging current decreases as the battery charges, and when the current drops to 180 mA, the charg-
ing circuit reduces the output voltage to 2.35 V per cell, floating the battery in a fully charged state. This
lower voltage prevents the battery from overcharging, which would shorten its life. The LM301A com-
pares the voltage drop across R1 with an 18-mV reference set by R2. The comparator’s output controls
the voltage regulator, forcing it to produce the lower float voltage when the battery-charging current pass-
ing 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.
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14
Battery Monitors

’Ele sources of the following circuits are contained in the Sources section, which begins on page 662. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Internal Resistance Battery Tester
Battery-Saving Disconnect Switch
Low-Battery Detector
Battery-Temperature Sensing Nicad Charger
Battery-Voltage Measuring Regulator
Battery Tester

Nicad Battery Tester

Low-Battery Indicator

Voltage-Level Indicator

Low-Battery Detectors

Voltage Monitor
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INTERNAL RESISTANCE BATTERY TESTER
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A designer often needs to know the value of the internal resistance of a battery. Quite a few testers
give a relative indication of the value, but this is seldom in ohms. The present tester can, in principle,
provide that information.

The basic idea behind it is to load the battery with a varying curtent, so as to cause an alternating-
voltage drop across the internal resistance that can be measured at the battery terminals. Provided that
current variations are regular and constant, the voltage drop is directly proportional to the internal resis-
tance.

Choose the variation of the current carefully to read the value of the internal resistance directly on the
scale of an ac voltmeter.

The load current is varied with the aid of a current source, T1 in the diagram, which is switched on
and off by square-wave generator IC1. The chosen switching frequency of 50 Hz ensures that the ac com-
ponent at the battery terminals can be measured by a standard ac voltmeter (universal meter).

The battery is loaded constantly by R8, which has a value of 1.5 Q for 1.5-V batteries, shunted by the
ac voltmeter. The indicated voltage times 10 is the value of the internal resistance of the battery. When the
battery under test is flat or if the supply battery is flat, no current flows and the meter will read zero. It
would then appear as if the battery under test is an ideal type—without internal resistance.

A flat supply battery is indicated if D1 does not light. You can ascertain that the battery under test is
flat by measuring the direct voltage across its terminals, The load must be left connected, of course, oth-
erwise the emf is measured and this may well be 1.5 V—even if the battery is flat.

The tester is calibrated with the aid of the auxiliary circuit (shown at the extreme right in the circuit
diagram). The 1.5-V supply and electrolytic capacitor form a virtually ideal voltage source, of which the
3.9-0 resistor forms the internal resistance. With this source connected across the output terminals of the
tester, a suitable value should be ascertained for R7. That value is found when the ac volimeter shows 0.39
V. Notice that this procedure is not the same for all measuring instruments: the alternate use of the digital
and a2 moving coil meter, for instance, is not feasible.

The tester is intended for 1.5-V batteries. The load current is fairly high: about 100 mA through R8
and around 170 mA through T1. For 9-V batteries that current is too high: the current should then be
reduced by taking greater values for R6 through R8.
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BATTERY-SAVING DISCONNECT SWITCH
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At a predetermined level of declining terminal voltage, the circuit disconnects the battery from the
load and halts potentially destructive battery discharge. Q1, a high-side, floating-source MOSFET, acts as
the switch. The overall circuit draws about 500 xA when the switch is closed and about 8 p#A when it's
open.

The values of Ry, R;, and Ry set the upper and lower voltage thresholds, V; and V;, according to the
relationships

VL)
R =R [ 2] -1
! 2(1.15

and

R
=1.15 1 )
fa=1 (VU- Vi

For the circuit to start, V+ must exceed V. The voltage detector IC1 then powers IC2, but only
while ¥+ remains above V;. Otherwise, IC2 loses its power, removes gate drive from Q1, and turns it off,
IC2 is 2 dual charge-pump inverter that normally converts 5 V to +10 V. Capacitors C1, C2, and the two
associated diodes form a voltage tripler that generates a gate drive for Q1 that is approximately equal to
two times the battery voltage. '

With the values in the schematic, the circuit disconnects 3-cell Nicad battery from its load when V+
reaches a V7 of 3.1 V. Approximately 0.5 V of hysteresis prevents the switch from turning on immediately
when the circuit removes the load; V+ must first return to Vy, which is 3.6 V. The gate drive declines as
the battery voltage declines, cause the ON-resistance of Q1 to reach a maximum of approximately 0.1 2,
just before V+ reaches its 3.1-V threshold. A 300-mA load current at that time will cause a 30-mV drop
across the disconnect switch. The drop will be 2 to 3 mV less for higher battery voltages. Resistor R4
enstres that Q1 can adequately turn off by providing a discharge path for C2.
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LOW-BATTERY DETECTOR
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EDN Fig. 143"

The battery low-voltage detector uses a CD4093 Schmitt trigger and a capacitor that acts as a 1-bit
dynamic RAM. The circuit conserves power by using a periodic test method. IC1A, C1, R1, R2, and D1
generate a narrow, positive pulse at point A.

D2, R4, and R5 regulate and divide the signal at A. Thus, the input of IC1B is independent of the
power supply. Because the threshold voltage of the Schmitt trigger depends on the power supply, the
threshold voltage will drop if the power-supply voltage drops. When the threshold voltage is lower than the
input voltage, IC1B will become low, and IC1C’s output will become high.

Capacitor C2 stores the results of the periodic test. The time constant C2 and R6 setis 1 s, and the
test period is approximately 0.1 s. When point B is high, which implies that the battery is low, IC1D, C3,
and R7 generate a square waveform, which lights D3. You can adjust the detected voltage level by adjusting
R4. You can test different battery voltages by changing the voltage level of D2.
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BATTERY-TEMPERATURE SENSING NICAD CHARGER
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Two simpie circuits permit Nicad charging of a
battery based on temperature differences between
the battery pack and the ambient temperature.
This method has the advantage of allowing fast
charging because the circuit senses the tempera-
ture rise that occurs after charging is complete and
the battery under charge is producing heat, not
accumulating charge.

BATTERY-VOLTAGE MEASURING REGULATOR
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This circuit allows a microprocessor system to
measure its own battery voltage. A Texas Instru-
ment TI431 precision shunt regulator acts as a pre-
cision reference and integrator/amplifier, measuring
its own supply via voltage-dependent charge/dis-
charge time intervals. Notice that you must write a
short control and voltage calculation software rou-
tine for your system.
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BATTERY TESTER

LED
Range
D1 D2 D3 D4 D5 D6 D7 D8 D9 D10
red orange green
15V | 086 | 096 104 | 113 121 129 138 146 1.5 1.63
331 357 382 407 433 457 4.82

45V 2.58 2.83 3.05
5.8 6.3 6.9 7.4

7.9 8.5 9.0 9.5 10.2

9.0V 5.3

Fig. 14-6

ELEKTOR ELECTRONICS

This battery tester makes use of an LM3914 bar-graph driver IC. 51 selects load on battery under
test and programs the voltage range. S2 loads the battery under test. The table gives the calibration fac-

tors for the tester. LEDs D1 through D10 are used as indicators.




NICAD BATTERY TESTER
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This Nicad battery tester discharges the test battery at a rate of 500 mA. When the endpoint of 1 V
(determined by setting of R3) is resolved, pin 2 of U2 becomes low, deactivating Q1 and disconnecting the
test battery from the circuit. Power for U3 comes from the 12-V regulator in series with the hattery being
tested. A clock or timer can be plugged into S1 to indicate the time it takes to discharge the battery under
test.
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LOW-BATTERY INDICATOR
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The sensing circuit consists of a 741 op amp set up as a voltage comparator, using a zener diode as a
voltage reference. The op amp is inserted as a bridge between two resistance ladders, one which contains
the zener reference, and the other a high-value linear potentiometer. When the voltage at the wiper of the
potentiometer drops below the voltage set by the zener, the output of the op amp becomes low; that turns
on the LED connected between it and Vc. The circuit can be adapted to work with battery-powered cir-
cuits that require between 6 and 18 V; the only changes needed would be a lower-voltage zener and a
smaller current-limiting resistor in the case of voltage below 9 V, and a larger resistor for higher voltages.

VOLTAGE-LEVEL INDICATOR

1802 ['ep LED
T 3 1 3
Vin v,
Vln O ) o Vout I ] 2 O out
1
LM78LXX ? Ve LM7eL12 ?

P A

A

ELECTRONIC ENGINEERING Fig. 14-9(a) Fig. 14-9(b)

Three-terminal regulator device (LM78LXX) has V,,, = Vi, unti the input rises 1.5 to 2 V above the
output when the regulated voltage V. = XX is obtained. A differential of 1.5 V between input and output is
necessary to light the LED. Thus, the LED lights when V,, rises above Vg + IR + 1.5V, where Iis typi-
cally 6 mA (a zener diode could be used in place of R). For input voltages much higher than necessary to light
the LED, a current-limiting resistor in series might be necessary. A useful automotive application is shown in
Fig. 14-9(h). The circuit indicates when battery voltage is above 13.5 V which indicates (in conjunction with
an amreter) whether the alternator/regulator/battery system is operating correctly. With the engine off, the
battery voltage drops to 12 V and the LED extinguishes. The circuit requires no calibration.
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15
Bridge Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Air-Flow Sensing Thermistor Bridge
Bridge Circuit With One Power Supply
Inductance Bridge
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AIR-FLOW SENSING THERMISTOR BRIDGE
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EDN Fig. 15-1

Using the thermistor-bridge circuit, you can detect system-cooling air losses caused by filter or inlet
blockage or fan failure. One thermistor is mounted directly in the air flow; the other is baffled. The
exposed thermistor senses the temperature in the cooling system; the baffled thermistor senses the ambi-
ent temperature in still air. As long as the thermistors are at different temperatures, the bridge stays
unbalanced and the circuit produces a logical high, indicating that the cooling system is working. If the air
flow stops, the exposed thermistor will reach ambient temperature, the bridge will become balanced, and
the circuit will indicate ventilation-system failure by producing a logical low.

The bridge circuit’s matched thermistors are biased by matched-current sources. Two LM10C opera-
tional: amplifiers act as constant-current sources, and an LM311 comparator senses the difference
hetween the voltage drops across the thermistors, producing the logical high when the bridge is unbal-
anced and the logical low when the bridge is balanced. Use a 20-k{} potentiometer to set the comparator’s
threshold; this setting determines the minimum air flow that will cause the circuit to produce a logical high.
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BRIDGE CIRCUIT WITH ONE POWER SUPPLY
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EDN Fig. 15-2

For systems with only one power supply, two op amps act as instrumentation and buffer amps. The
OPA111AM buffers the reference mode of the bridge and applies that voltage to the instrumentation amps
REF terminal. Output is taken between the amplifier outputs to exclude the fixed output offset.

The additional op amp creates a bridge error of I x R/2, where Iz=bias current of op amp and R is
the resistance of one leg of the bridge.
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This bridge will measure inductances from about 1 to 30 xH at a test frequency of 5 mHz. A 365-pF
AM-type tuning capacitor is used as a variable element. The circuit should be constructed in a metal enclo-
sure. Catibration can be done on known inductors or by plotting a curve of the capacitance of the 365-pF
capacitor versus rotation and calculating the inductance from this. The range of measurement can be
charged by using a different frequency crystal and/or variation of L2 and C8.
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16

Burglar Alarms

’Ele sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Seli-Latching Burglar Alarm

Burglar Alarm With Timed Shutoff
Simple Burglar Alarm

Simple Burglar Alarm

Home Security System

Simple Burglar Alarm With NC Switches
Burglar Alarm with NC And NO Switches
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SELF-LATCHING BURGLAR ALARM
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A SIMPLE SELF-LATCHING BURGLAR ALARM.
RADIC-ELECTRONICS Flg. 16-1

This alarm uses IC1A and IC1B as a latch. When sensors S1 through S5 activate, IC1A turns on and
forces IC1B to cut off. Q1 drives RY1.

BURGLAR ALARM WITH TIMED SHUTOFF
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POPULAR ELECTRONICS T Fig. 16-2

When 51 (sensor) is closed, power is applied to U2, a dual timer. After a time determined by C2, Clis
energized after a predetermined time determined by the value of C5, pin 9 of U2 becomes low, switching
off the transistor in the optoisolater, cutting anode current of SCR1 and de-energizing K1. The system is
now reset. Notice that (K¢ Cp) is less than (R;x C;). The ON time is approximately given by:

(R7x C5) = (Rex Cy) =ton
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SIMPLE BURGLAR ALARM
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~ A simple circuit using either NO or NC sensors uses an RC delay circuit (R2/C2 or R1/C2) to drive
emitter-follower Q1, switching SCR1 and buzzer (or bell) BZ1. 51 is used for activation and reset.

SIMPLE BURGLAR ALARM
+9to
'\Ff|\1r. 5y 12v
1 &0 D2 On.'Otf_
81 1N4148 {Keyswitch)
NC R4 ; To
52 Magnstic 10 ki2 Alarm
Switches ANA, | 1
(s3] K1 -
1 1N4148 5 a 612V Relay
s3 U1A e N\ 4 TG
2| 1/2 4001 83 §]1/4 4001 9| /4 4001
_ 22k 7,213
Rwl L ¢
10 MO 1 2 BC109
54 S5 56 Y NO 0,047uF 0.047pF
Magnetic
Switches
. 4 . ‘ -
POPULAR ELECTRONICS Fig. 16-4

Using one IC and a driver transistor, this simple alarm uses either NO or NC sensors, When a sensor
operates, the input to U1A goes low, causing U1A to go high, U1B low, and U1C high. This biases Q1 ON
and activates relay K1, On/off is via keyswitch S1.
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HOME SECURITY SYSTEM
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This alarm circuit activates when S1 through S5 are activated. This lights LED1 and activates Q1 via
IC1C and IC1D. RY1 is wired to self latch. S10 is used to reset. When key switch Sl is activated or when
re-entry buttons at 56 are depressed, IC1C is deactivated until RC network R7/C3 charges.

BURGLAR ALARM WITH NC
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O—-0—- O—wd——O—=D—
51 52 S3
This relay draws 1 mA of idling current. Q1 = NG NG _N'C'

detects open switch and energizes RY1. RADIO-ELECTRONICS Fig. 16-7

This circuit uses both NC and NO sensors. Series
NC sensors allow Q1 to activate RY1. NO sensors
directly activate RY1.
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17

Buffers

The sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Oscillator Buffers
Precision-Increasing Buffer
Inverting Bistable Buffer



OSCILLATOR BUFFERS
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EDN Fig. 17-1

CMOS buffers added to an op amp oscillator improve performance, largely as a result of nonsymmetry
and variability of the op amp’s output saturation voltages.

PRECISION-INCREASING BUFFER
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EDN Fig. 17-2

Adding an unity-gain buffer to your analog circuit can increase its precision. For example, by itself, the
op amp IC1 exhibits a maximum @Vps/dT of 1.8 pV/°C and can drive a 600-Q load. Under these condi-
tions, IC1 would dissipate 94 mW incrementally. Thus, the op amp's Oy of 150°C/W would change its Vg
by 25 uV.

The buffer, IC2, will isolate IC1 from the load and eliminate the change in power dissipation in IC1,
thereby achieving IC1’s minimum, rated offset-voltage drive. The loop gain of IC1 essentially eliminates
the offset of the buffer. Almost any unity-gain buffer will work, provided that it exhibits a 3-dB bandwidth
that is at least 5 times the gain-bandwidth product of the op amp.
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INVERTING BISTABLE BUFFER
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This circuit uses a 555 timer as a flip-flop histable buffer.
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18

Carrier-Current Circuits

'[‘he sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Carrier-Current Transmitter for Data Transmission
Carrier-Current Receiver for Data Transmission
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CARRIER CURRENT TRANSMITTER FOR DATA TRANSMISSION
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Fig. 18-1

In this circuit, data at input C is amplified by IC2 and then fed to modulator IC1. IC1 generates two
frequencies, depending on the values of C;, Ryy, B3, Ry1, and R;. The frequency f, is generated if pin 9 I1C1
is low and £ if pin 9 IC1 is high. A square wave appears at pin 13 of IC1 and is fed to Q1, an amplifier stage,
that is coupled via tuned transformer T, to the ac line via C1 and C2. Notice that, for safety reasons, C1
and C2 must be specifically rated for the ac line voltage.
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CARRIER-CURRENT RECEIVER FOR DATA TRANSMISSION
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1
(Ra7+ Ry) Cys

Receive frequency: f; =

This receiver consists of an input network amplifier IC7 FSK PLL detector ICG, and output amplifier/
interface Q2, Q3, IC3A and IC3B, a 1488 Quad RS232 line driver of the carrier-current signal. Tuned
amplifier IC7 amplifies this signal and drives PLL detector IC8. The values shown in the circuit are suitable
for operation in the 100-kHz range. Recovered data at pins 5, 6, 7 is fed to the output amplifier/interface
circuit (Fig. 6). This circuit is also used with the carrier-current data transmitter to form a pair.
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19

Compressor/Expander Circuits

rEle sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Audio Compressor/Audio-Band Splitter
Universal Compander
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AUDIO COMPRESSOR/AUDIO-BAND SPLITTER
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EDN Fig. 19-1

This 2-band compressor splits the audio into high and low frequencies and allows independent adjust-
ment of each. Two active filters drive the two halves of dual voltage controlled amplifier/rectifier IC. Each
section has a dynamic range greater than 100 dB. Compression gain slopes are adjustable from 2 to 25 for
both audio bands. Ry adjusts the threshold amplitude between the two bands. RK1 and R2/C2 control the
compressor attack times (10 kQ and 2 uF, respectively), while the 1.5-MQ resistor in the integrator circuit
controls the release line.
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UNIVERSAL COMPANDER
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Signetics’ type NE575 compander IC is intended primarily for use with battery power supplies of 3 to
7V (max. 8 V). It draws a current of 3.5 mA at 3 V and 5 mA at 7 V. The compander process (compression
at the input, expansion at the output) significantly improves the signal-to-noise ratio in a communications
link.

The IC contains two almost identical circuits, of which one (pins 1 to 9) is arranged as an expander.
The other (pins 11 to 19) can be used as expander, compressor or automatic load control {ALC), depend-
ing on the externally connected circuit. For the compressor function, the inverting output of the internal
summing amplifier is brought out to pin 12. This is not the case in the expander section, where a reference
voltage is available at pin 8. This pin is interlinked to pins 1 and 19 to enable the setting of the dc operating
point of the op amps.

The op amp in the expander section, pins 1 through 3, serves as output buffer in the compressor
section, pins 17 through 19 as the input buffer. The IC has a relatively high output sensitivity and is evi-
dently intended for processing small signals (microphone output level). A signal of 100 mY, for instance, is
amplified by 1 only. The present circuit caters to larger input signals (ine leveD); its maximum input level is
1.5 Vrms.
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UNIVERSAL COMPANDER (Cont.)
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ELEKTOR ELECTRONICS Fig. 19-2(b)

With a 1-V input into R13, a potential of about 500 mV exists between compressor output R7 and
expander input R5. The compression characteristic is shown in F ig. 19-2(b). The signal range is reduced
by about one half at the output, which is doubled in the expander. Thus, the range after compression and
expansion is the same again, but that is not necessarily the case with the input and output level. The com-
pander can be arranged to provide a constant attenuation or amplification. With the circuit values as shown
in the diagram, the input and output levels are the same. The prototype had an overall gain of 0.5 dB when
the expander input was connected directly to the compressor output.

To allow acceptance of high input levels, R13, R14, and the compressor input resistance form a 10:1
attenuator. At the expander input, R5 and the expander input impedance of about 3 k) form a potential
divider. If the compander is to be used with smaller signals, the attenuation can be reduced as appropriate.
If the input level lies below 100 mV, R5, R13 and R14 can be omitted,

The compander covers the frequency range of 20 Hz to 20 kHz, the overall distortion is less than 1%,
and the signal-to-noise ratio is about 80 dB.
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20

Computer-Related Circuits

— e

The sources of the following circuits are contained in the Sources section, which begins on page 663. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Dual 8051s Execute In Lock-Step Switch Debouncer with Auto Repeat

Reset Protection for Computers Printer Error Alarm

3-uP /O Line Protectors Child-Proof Reset Switch

Data Line Remote Short Sensor XOR Gate

Z-80 Bus Monitor/Debugger Flip-Flop Debouncer Switch

RS-232 Line-Driven CMOS Circuits  Digital Levels Scope Displays 2 Logic Signals on 1 Scope
Bit Grabber Deglitcher

Switch Debouncer Stalled-Output Detector



DUAL 8051s EXECUTE IN LOCK-STEP

‘Dh LocksTe,
£ 1
WR1 A D Q D o] A D Q [a} Q
MDG ! a P cun CLR P cia F oA
LSDRST, ] J_ [_
o o [
MCCLK,
o— MCCLK,
] a I D LOCKSTP_,O
R _m;i
o RESET
EDN Fig. 20-1
Tabie 20-1. Synchronizing firmware loop
SYNCUP: MOV P3, #OFFH ;Activate internal port
; pull-ups.
MOV DPTR, #SAFLOC  ;Location for safely writing
; values so that WR*
can he generated.
MOV A, #SAFVAL ;Value to be written into
; iocation DPTR is pointing
; to. Use value that will
; not cause adverse effects.
WAIT: CLR P1.0 iToggle the JK flip flop
SETB P10 lock-step-reset (K input).
MOVX @DPTR, A ;Generate WR*.
JNB P3.5, WAIT ;i signal is high (LOCKSTP1)

or LOCKSTP2) then lock

step has been achieved.

Otherwise, try again,
Program will now execute synchronously on each
microcontroller,

This hardware-software combination deletes clocks from the slave #P until both pPs synchronize. The
firmware loop causes each P to generate a WR signal once per loop. The circuit exclusive-ORs the two
WR signals to produce a miss-compare pulse. The miss-compare pulse latches into the two JK flip-flops
via outputs LOCKSTP1 and LOCKSTP2. A high on these signals indicates that the uPs are in lock-step,
causing both uPs’ programs’ execution to exit the firmware loop. If you use discrete components, you'll
probably want to use the @ output of the JK flip-flop and delete the circuit’s inverters.

The listing uses the uPs’ ports 1 and 3. You cannot use a memory-mapped location for the lock-step-
detect clear (K input) because this scheme would generate additional WR signals. You could apply this idea
to other uPs, perhaps using their RD signals. This way, generating an RD signal to activate the lock-step-
detect clear would not affect the synchronization inputs.
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RESET PROTECTION FOR COMPUTERS
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ELEKTOR ELECTRONICS Fig. 20-2

This protection circuit is inserted between the reset switch and the motherboard. The earth connec-
tion of the computer must be linked to terminal M of the protection circuit. The protection circuit can draw
its power from the computer supply.

When the circuit has been fitted, operation of the reset switch will not immediately restart the com-
puter. Instead, a buzzer will sound to alert you to the reset operation. The buzzer is actuated for 4 s by
monostable IC1A, which is triggered by the reset switch. During these 4 s, the output, pin 5, of IC1A
ensures that the reset function, pin 10, of IC1B is disabled. When the reset switch is operated again,
monostable IC1B will be triggered and this starts the reset procedure. Transistor T2 is then switched on
for 0.5 s and the buzzer is deactuated via R11 and D4.

The circuit around T1 and N4 ensures that [C1A can accept trigger pulses again 10 s after the mono
time of IC1B has lapsed. This arrangement prevents, for example, children operating the reset switch.
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3 uP 1/0 LINE PROTECTORS

AESISTOR SETS
MAX CURRENT
N O AAA— ’
51k J-
001,F '
g INs231|  ZENERCLAMPS MBRO30
POSITIVE LEVELS SCHOTTKY RECTIFIER
CAPACITOR FILTERS TO 5.1V AND CLAMPS NEGATIVE
RE SPIKES 51V | NEGATIVE LEVELS LEVELS TO:
O -07v ~035V @ 25°C
COM O— ~-047V @ -40°C
(a) =
RESISTOR SETS SGHOTTKY RECTIFIER
MAX CURRENT N CLAMPS NEGATIVE
A 51y L LEVELS TO:
IN Qe AN - MBRO30
535V @ 25°C
Sk 33uF 54TV @ -40°C
Q01,F
= SCHOTTKY RECTIFIER
CAPACITOR FILTERS CLAMPS NEGATIVE
RF SPIKES MBROC LEVELS TO:

—D358V @ 25°C
oM O— —047V & —40°C
[E] 2

AESISTOR SETS
MAX CURRENT N
INC A A ’ 51V — 1N4003
51k 33 uF
Q01.F H
N4DD3
GAPACITOR FILTERS a7%
FRF 5PIKES
COM O—
(e} =
EDON

Fig. 20-3

In Fig. 20-3(a), a 5.1-V zener diode clamps positive-going transients, and a Schottky rectifier clamps
negative-going transients. The Schottky rectifier has problems at both ends of the temperature scale. At
125°C (257°F), its leakage current can reach 50 #A when the input line is at 5 V. This leakage is not a big
deal unless the input resistor has a value of 100 k© or more. More troubling, at temperatures below
~40°C (- 40°F), the Schottky rectifier's forward voltage rises to about 0.47 V, which is perilously close
to the —0.50-V max spec that most HCMOS-type uP’s inputs can tolerate.

The third circuit, Fig. 20-3(c), uses two regular silicon rectifiers. One rectifier is connected in series
with the input line, thereby isolating the xP’s inputs from negative-going voltage spikes. The other recti-
fier is in series with a 5.1-V zener, which clamps positive-going transients.
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DATA LINE REMOTE SHORT SENSOR

GROUND

O
5V POWER
MAaX 6V BATTERY DIGITAL SIGNAL
5V 666
i GROUND
1 §
2 + 7 NC
NC 3 - 5 NC - LUNDERWATER
MATE
I Pl 5 CONNESTOR
l 0.1 pF 5V
I LM ? o uF
= 158 +—] )
33k & 422
W 1 8 >
2 7 NG
Y 3 6 NG
o>
Ik 4 5 NG f
33k
T Yo
= o)
HC CONTINUQUS
DATAQUT
EDN Fig. 20-4

Sensing short circuits in equipment that performs under water is especially critical, but Fig. 20-4’s
wet-mate connector design also suits other remote short-circuit sensing applications. Because of the lim-
its imposed by the battery and voltage levels, the circuit uses the data line to sense short circuits.

The differential voltage that develops across the 422-{2 resistor in the data line drives a low-bandwidth
op amp, which amplifies and filters the differential signal. The resistor values produce a gain of 3. The op
amp’s output controls the voltage regulator’s shutdown pin.

To operate correctly, the circuit must have a continuous stream of digital data. Under normal condi-
tions, and using high-speed CMOS logic, the data source sinks less than 10 gA. This normal operation
generates about —3 mV across the sense resistor. The op amp’s output will be slightly negative, produc-
ing a solid ON signal to the voltage-regulator chip. When a short occurs, the resistor and op amp together
produce an average of 2.4 Vdc. This voltage provides a solid OFF to the voltage-regulator chip.

The peak signal-line current is about 12 mA (5-V data divided by 422 ), which HCMOS logic can
handle. The addition of the resistor and op amp only changes the rise time to about 40 ns and doesn't
cause any problems with the 2.5-MHz data rate. When the short is no longer present, the voltage regula-
tor chip turns on again, You can use the same circuit with any TTL on/off-type voltage-regulator IC.
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RS-232C LINE-DRIVEN CMOS CIRCUITS
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EDN Fig. 20-6

GND O

O GND

The circuit illustrates a way to power CMOS ICs from RS-232C lines. The MAX680 is normally used
to generate a voltage equal to +2 x Vec. This circuit does exactly the opposite. It takesin £10.5t0 +12V
on the DTR and TD lines and puts out a 5.25- to 6-V signal. A pair of Schottky or silicon diodes rectifies
each RS-232C line. The resultant energy is stored by the capacitors attached to the IC’s V+ and V-~ pins,
C1 or both C1 and C2 then reverse-charge pump the energy stored at the V+ and V- pins to C3. The
input source current of the MAX680 is approximately equal to the voltage drop of any one of the diodes
that is divided by the series resistance of 160 Q. When you drive this circuit from a 1488 driver with a
+12-V supply, it can deliver 5 V at 3 mA.

To increase the output current, you can use as many as three sets of diodes on each R5-242 line to
provide 5 V at 8 mA. The more diodes you use, the lower the source resistance: Rg equals the inversion of
the sum of the diodes’ conductances. If your circuit requires even more output current, you can place two
MAX680s in parallel, tie their V+ and V— capacitors together, and use separate C1 and C2 capacitors for

each ship. If you do connect the devices in parallel, make sure not to exceed the power capability of the
RS-232C lines.
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BIT GRABBER

814 -81-h 3 FR%“\,"
r-— o WALL
-h [
A R1 ! i TRANSFORMER
1 VERE 13 = 10
e 2 ao b
15 TP y /i
i
© [
3 1K
18* U—.FL AN
[s]
) D2 R14
17+@ 1K
[+ AAA
T Tl |
18 ;
% o4 i
15 & M-
7
2 © D8 Atd
o4 | |ug x
& Wy
21
O ] 07 R11kn
'gw Ay
o 1t
B K
" D AN
[-2 R1-a
iF)
25 o1 _.?.K.
VWY
o3
\°J
PL1
* NOT CONNECTED
POPULAR ELECTRONICS Fig. 20-7

When the user set character (D, through D) from a computer matches the character programmed on
S1A through S1H, the output from J2 becomes low. This device can be used as a test aid to check printer
cable or as a control circuit for interfacing with a computer.

SWITCH DEBOUNCER
w ——:o ‘AI_LMDU ms
14 114 [ Ta s
:;m. W 3]s 4 K CLR |4
1| st Ok 2 vatss @ [omaee Using a 7473 JK flip-flop U1A connected as a
2 s 53 12 vaLswr g} monostable to drive U1B, as a switch debouncer.
i;mﬂ cgﬂ Gﬂll‘:1 OFF/ON The circuit is self-clearing during power up. A
y 3 o -J_r 100-ms pulse is available at pin 12 U1A.
g: €2 1K
R !
o o<+
81
N.D.
POPULAR ELECTRONICS Fig. 20-8
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SWITCH DEBOUNCER WITH AUTO REPEAT

i+

[FFRREEEER

ELECTRONIC DESIGN

L.

This circuit produces an output pulse when
SW1 (pushbutton) is depressed. It also becomes a
hysteresis gate oscillator. D1 and R2 add asymme-
try. The DBRT (delay before repeat time) is caused
by the oscillator start-up conditions: Cl has to
change from zero to the upper gate threshold
rather than to the lower threshold.

The auto repeat time:

; (R, + R,)(C, + C:){(Gate Hysteresis)

VSUPPLY

Gate hysterests = 1V for 74HCT14 gate
DBRT = (.7T (upper gate threshold hysteresis)
Upper gate threshold = 2.3 V for HCT14

R << Ry
Ry << R

INPUT A
LOW 70 HIGH
(s,

PRINTER ERROR ALARM

— +Y

D1 $R1
814 T 10MEG

id

™

INPUT B

HIGH TO LOW  1/4 4083
o

Ut-b

POPULAR ELECTRONICS

»
bRz
Tk

BZ1

Fig. 20-10

When a printer is shut down, this alarm sounds
an alarm. The input can be either a high-to-low or
low-to-high transition. This can be a logic level that
corresponds with the printer being on or off. The
oscillator produces an interrupted (on-off) tone.
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CHILD-PROOF RESET SWITCH

X K K K
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ELEKTOR ELECTRONICS Fig. 20-11

The reset switch on a computer is very important. If an operating instruction threatens to wreck the
internal management of a computer, the reset button is often the only way of avoiding a possible disaster,
On the other hand, it also could cause a disaster.

It is particularly important that children or pets cannot inadvertently operate the control. The circuit
proposed here should put an end to your worries in this respect. Instead of one reset switch, it is neces-
sary to press four switches simultaneously. The chances of this happening via accident, child, or pet are
negligible.

The four switches are placed in positions that make it impossible to operate them all with one hand.
Instead, two of them can be operated with the fingers of one hand and the other two with the fingers on
the other hand. As shown, the four switches are connected in series and are intended to replace the exist-
ing switch.

XOR GATE
Veo
RESET
EN Iy
INPUT 145168
ICe - COUNTER
CLK
Qp O
o gourpum Inverting the negative-going input transactions
al+t—o allows the counter to count both positive- and nega-
tive-going edges. The XOR gate transforms the

® input signal into a series of short pulses whose

width is equal to the sum of the counter and gate

I l propagation delays.
INPYUT

e
)
™ ——
A
EDN Fig. 20-12
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FLIP-FLOP DEBOUNCER SWITCH
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EDN Fig. 20-13

Although this circuit uses a 74HC74, any CMOS variant of this flip-flop will work. IC1A acts as a true/
complement buffer. R1 and R2 ensure that [C1A comes out of reset before the clock’s edge occurs. R3
applies IC1A’s logic state to pins 1 and 3. When the switch closes, the next logic state stored on the capaci-
tor transfers to the flip-flop’s reset and clock inputs. Releasing the switch lets the capacitor charge to the
next state via R4. IC1A's output is the LSB; IC1B’s output is the MSB.

Notice that the counter’s state advances when the switch is first pressed, rather than when it’s
released: the latter is the case with many other switch-debouncing schemes. You can replace R1 with a
22-pF capacitor to reduce the circuit’s sensitivity to parasitic effects. The addition of this capacitor also
lets you lower the magnitude of R2 and R3 by a factor of 10. -

DIGITAL LEVELS SCOPE DISPLAYS 2 LOGIC SIGNALS ON 1 SCOPE

R Using this simple resistor circuit, you can trick
AQ WA your oscilloscope into displaying two logic signals
' on one channel. If you select R, to be twice Ry, the
scope trace will show one of four distinct analog
levels for each possible combination of the states of
inputs A and B.

Of course, the voltage levels that your oscillo-
scope sees depends heavily on the current-sourc-
80 A ing capability of your digital logic. Because you

must use high resistances, this technique has a lim-
ited frequency range.

+——»TO SCOPE

NOTE: R, = 2R,

EDN Fig. 20-14
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HARRIS Fig. 20-15

Gliteh has been a universal slang expression among electronics people for an unwanted transient con-
dition. In D/A converters, the word has achieved semiofficial status for an output transient, which occurs
when the digital input addressed is changed. The sample/hold amplifier does double duty, serving as a
buffer amplifier as well as a glitch remover, delaying the output by 1/2-clock cycle.

The samplerhold can be used to remove many other types of glitches in a system. If a delayed sample
pulse is required, it can be generated using a dual monostable multivibrator IC.
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POPULAR ELECTRONICS

STALLED-OUTPUT DETECTOR

+12v

RS
1K

N
LED?

a1
23904

Flg. 20-16

This circuit can be used to detect a stuck out-
put or node in a circuit, or a loss of data or pulses.
The pulse train charges C1 and biases Q1 on, which
lights the LED. If the input remains high, Q2 extin-
guishes the LED.
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Converters

—

’Exe sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.
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4-t0-20-mA Current Loop

Power-Saving Intermittent Converter
Current-to-Frequency Counter

Sawtooth Converter

Period-to-Voltage Converter
Rectangular/Triangular Waveform Converter
pP-Controlled Negative Voltage Converter
dc/dc Converter

Voltage-to-Current Converter

1-to-5-V dc/dec Converter

9-to-5-V Converter

+3-V Battery to +5-V dc/dc Converter
Sine-Wave/Square-Wave Converter
Precision Full-Wave ac/dc Converter



4-TO-20-mA CURRENT LOOP

IN755

7.5V
MUR120
- La
l ™
22 uF
Yin Vaw I 100v
LT|10072 47.5k
2 F8 . d VWA O
+
Ve GND 5V LOAD
(lour = 4 TO 20 mA,
_L 1.21k 44V COMPLIANCE)
< —-
- < 1k
1Ng14 Y. = 2
. 20-mA — 3 Cr
TRIM -
Vi O—— A v d LT1004 2 n
{6 TO2.56v) sV 300K ’ -
499k- = J_ %
+ \AAR > 4-mA
I, I TAIM
LT1006 240k
-_— Y"‘V‘
L . I
0.05 pF & 5k 2750
1L
n
NOTES: = 4
Ly = PULSE ENGINEERING #PES2645 - =
* = 1% FILM RESISTOR
~* 0.1% FILM RESISTOR
RECOMMEND CERMET POTENTIOMETERS
EDN Fig. 21-1

This 5-V circuit utilizes a servo-controlled dc/dc converter to generate the compliance voltage neces-
sary for loop-current requirements. This circuit will drive 4 to 20 mA into loads as high as 2 200 Q with 44
V of compliance. It is inherently short-circuit protected. A current source by definition limits current
regardless of the load.

The circuit’s input voltage and the 4-mA trim network determine IC1’s positive input voltage, IC1's
output biases the LT1072 switching regulator’s V. pin. The resistors comnected to the regulator’s feed-
back pin, FB, prevent the circuit output from running away in the event that the load opens up.

Normally, IC1 controls the loop. However, if the load opens, IC1 receives no feedback. Under this
condition, the FB pin becomes active when it equals 1.2 V and forces the loop to close locally around the
regulator by activating 1C2’s internal amplifier, Thus, the circuit automatically changes from a current to a
voltage regulator, thereby preventing excessive output voltages.
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POWER-SAVING INTERMITTENT CONVERTER
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EDN Fig. 21-2

This circuit switches its dc/dc converter, IC1, off whenever the large filter capacitor, C6, has sufficient
charge to power the load. This particular circuit uses a de/dc converter that produces 115 Vdc from a
9-Vdc input; you can tailor the circuit to suit other converters, The heart of the circuit is a 5565 timer con-
figured as a dual-limit comparator, Thus, the 555 turns the converter on or off, depending on the voltage
across C6. The 555's complementary output lights the charge LED when the FET is on.

Initially, the voltage on C6 is zero, and the 555's output turns on the FET, Q1, in turn, enabling the
converter to run, which charges C6. When the voltage on the capacitor reaches the value set by R3, the
555 turns the converter off. Then, C6 slowly discharges into the combined load of the voltage divider (R2,
R3, and R4) and the reverse-biased blocking diode, D1.

When the voltage falls below 1/3 Vi, the 555 restarts the de/dc converter. If this circuit powers a load
that periodically goes into a zero-power, shutdown mode, the 555 switches the dc/dc converter on full time
whenever the load kicks in.

When the supply voltage falls below 7.5 V, the output of the converter is no longer high enough to
charge, the LED doesn’t light. The circuit uses 205 mA when the converter is on and 10 mA when the
converter is off. The duty cycle comprises a 5-s ON period, a 150-s OFF period, and it represents a 92%
power reduction. You can further reduce power consumption by removing the charge LED and using a
CMOS 555 and a CMOS 78L05 regulator.
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CURRENT-TO-FREQUENCY CONVERTER
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ELEKTOR ELECTRONICS Fig. 21-3

100k

4

Teledyne Semiconductor’s Type TSC9402 IC is eminently suitable as an inexpensive current-to-fre-
quency converter. The maximum input current of the design shown in the diagram is 10 #A (input voitage
range is 10 mV to 10 V), while the output frequency range extends from 10 Hz to 10 kHz. The conversiorn
factor is exactly 1 kHz/uA. The factor can be altered by changing the value of R1—as long as the maximum
input current of 10 uA is not exceeded.

The circuit has two outputs. That at pin 8 is a short-duration pulse, whose rate is directly proportional
to the input current; that at pin 10 is a square wave of half the frequency of the pulse at pin 8.

Calibrating the circuit is fairly simple. Connect a frequency meter to pin 8 (preferably one that can
read tenths of a hertz) and connect a voltage of exactly 10 mV to the input (check with an accurate milli-
voltmeter). Adjust P1 to obtain an output of exactly 10 Hz. Next, connect a signal of exactly 10 V to the
input and check that the output signal has a frequency of 10 kHz. If this frequency cannot be attained,
shunt C1 with a small trimmer or replace R1 by a resistor of 820 k{2 and a preset of 250 kQ.

The circuit may be adapted to individual requirements with the aid of:

Fo=InU,(C1+12 pF) [Hz]

The reference voltage, U,, hereis -5 V.
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SAWTOOTH CONVERTER

% see toxi

Fig. 21-4(c)

L

R

aeic1 /T N Fig. 21-4(b)

ELEKTOR ELECTRONICS

Simple function generators normally provide sinusoidal, rectangular, and triangular waveforms, but
seldom a sawtooth. The circuit in Fig. 21-4(a) derives a sawtooth signal from a rectangular and triangular
signal. Its quality depends on the linearity of the triangular signal, the slope of the edges of the rectangular
signal and the phase relationship between the rectangular and triangular signals.

The conversion is carried out in IC1. Whether the triangular signal at input A is converted or not by
IC1 depends on the state of T1. This FET is controlled by the rectangular signal at input B.

The signal at the output of the op amp is a sawtooth (see Fig. 21-4(b)) whose trailing edge is inverted.
The frequency of this signal is double that of the input signals. )

If in this state, the dc level of each inverted edge is raised sufficiently to make the lower level of that
edge coincide with the higher level of the preceding edge, a sawtooth signal of the same frequency (but
double the peak value of the input signals) is obtained. The dc level is raised by adding input B to the
output of IC1 via R7 and P1. The preset should preferably be a multiturn type. Resistors R2 and R4 are
1% types.

If a rectangular signal is not available, or if its peak value is too small, the auxiliary circuits (shown in
Figs. 21-4(c) and 21-4(d)) will be found useful. Figure 21-4(c) amplifies the triangular input at A by 10.
Differentiating network C1/R10 derives rectangular pulses from the amplified triangular signal and these
are available at F.

The pulses at F are shaped by the circuit in Fig. 21-4(d) to rectangular signals that have the same peak
value as the supply voltage. Capacitor C2 increases the slope of the edge; it can be omitted for low-fre-
quency signals.

The converter provides sawtooth signals over the frequency range of 15 Hz to 15 kHz. If the auxiliary
circuits are used, capacitor C1 must be compatible with the frequency of the sawtooth signal (its value lies
between 2 nF and 100 pF). The supply for all circuits can be between 10 V and +15 V. Each op amp
draws a current of 4 to 6 mA.
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PERIOD-TO-VOLTAGE CONVERTER

+15¥

Inpat _J

-D‘_I/I/
y---

ELECTRONIC DESIGN Fig. 215
ICA,R1, R2, R3, and Q1 form a current source. The current that charges C1 is given by:

VanRl
B (R1+R2)XR3

_ 15x3 k2
B k2+12 kQ)x470 k0

= 6.4 pA

The input signal drives ICD. Because ICD’s positive input (V+) is slightly offset to +0.1V, its steady
state output will be around + 13 V. This voltage is sent to ICC through D2, setting ICC’s output to +13 V.
Therefore, point D is cut off by D1, and C1 is charged by the current source. Assuming the initial voltage
on C1 is zero, the maximum voltage (VC,,,) is given by:

IxT
VCna = ==
G
_ 6.4x¢
0.004 7

= 1362¢

Ift=1 ms, then VC,,=1.362 V.

When the input goes from low to high, a narrow positive pulse is generated at point A. This pulse
becomes ~13 V at point B, which cuts off D2. ICC’s V+ voltage becomes zero. The charge on C1 will be
absorbed by ICC on in a short time. The time constant of C2 and R5 determines the discharge period—
about 10 us. ICB is a buffer whose gain is equal to (Rg+ Ko} + Ry=1.545. ICD's average voltage will be
(1362£x1.545) +2=1052¢. R10 and C3 smooth the sawtooth waveform to a dc output.
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RECTANGULAR/TRIANGULAR WAVEFORM CONVERTER
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ELEKTOR ELECTRONICS Fig. 21-6

Many function generators are based on a rectangular waveform generator that consists of a Schmitt
trigger and integrator. The triangular signal produced by the integrator is then used to form a sinusoidal
signal with the aid of a diode network, The converter presented here works the other way around. It con-
verts the output of a good-quality sine-wave oscillator into a rectangular and a triangular signal.

The sinusoidal signal is converted into a rectangular signal by IC2A. Because the output of this gate
varies between —15 V and +15 V, it is reduced to a value that is suitable for integration by potential
divider R3/R4. It is then integrated by transconductance amplifier IC1A and C2. The amplifier has a cur-
rent output that is controlled by the current through pin 1. The output therefore behaves as a resistance,
with which it is possible to influence the integration time.

The voltage across C2 is available in buffered form at the output of impedance inverter ICZB; this is
the triangular signal. The amplitude of this signal is compared with a voltage set by P2 and the difference
between these voltages, which is the output of IC2C, is applied to the current source at the output of IC1
via R5. This arrangement ensures that the level of the output voltage is virtually independent of the fre-
quency of the rectangular signal or of the sinusoidal input.

One problem with a precision integration is its being affected by offset voltages and bias currents.
Feedback loop R6/C1 ensures that the output follows the potential across R4 accurately. However, tiny
deviations might be caused by the bias current in circuit IC1, which is not greater than 8 nA at 70°C.
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RECTANGULAR/TRIANGULAR WAVEFORM CONVERTER (Cont.)

The time constant R6/C1 is large for a purpose: to ensure that the triangular signal, even at low fre-
querncies, cannot affect the waveform of the signal to be integrated—the rectangular shape must be
retained. The converter can process signals at frequencies from 6 Hz (where the amplitude is not affected)
to 60 kHz (where the amplitude is reached by 10%).

Because of the long time constants, the time taken for the recovery of the amplitude of the triangular
signal at frequencies above 1 kHz is rather long. The peak value of this signal should be set to 1V,

Diode D1 is a so-called stabistor—three diodes in one package. It might be replaced by three discrete
type 1N4148 diodes. The current drawn by the converter is of the order of 9 mA.

#P-CONTROLLED NEGATIVE VOLTAGE CONVERTER

T v 8x1k

PROCESSOR DATA BUS p:
A < ‘: s
o 74F374 > v > T T % 8x0.01 pF
o 3 2 IL
s : Dy Q, o i
, 5 i
~ D, Q, {—s
z 7 & 1
5 G, Q, I(——n
3 8 9 ]
D, G, {—e
D, 13 12 1
- D, Q, 1 4
5 14 15
D; Q, | ;
Dg 17 16 |
D4 Q, ~1 i
0, 18 19 |
D, Q, 1 I
REGISTER LOAD - S DATA IN 74F374 Vour (150-kit LOAD)
00 33
PROCESSOR CLK (2 MHz) ﬁlg o o1 3.0 1N40OX v
02 g ‘ ouT
07 23
oF -1.9
1F 1.4 INGOOX == 0.01 yF & 150K
3F 0.5 LOAD
7F 043
FF 0 l *
EDN Fig. 21-7

This circuit was used to produce a variable negative voltage for contrast control of an LCD display. A
74F374 generates a square wave that is ac coupled to a rectifier and load. By using the pP clock and data
from the processor bus, and properly timed load signal, the dc level generated can be controlled by the uP.
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dc/dec CONVERTER

L3* m
100uH 1N5818
S YY)
< Ri
100
fum Vin
Sw1 n ) )
LT — This circuit uses a Linear Technology LT1073
T 43 .
- s ot in a —24-V converter. The supply can be two AA
GND SwW2 cells (3 V) or 5 V. The circuit can deliver 7 mA.
Ly
Lo A nss18 £ 15
_—2xAA D2 <
T e ‘¥; 15818
D4 -
1N4148 J.. 3 J_-
QPERATE [SHUTDOWN — T 2pF <
*TOKO 262LYF-0092K &— 24y DUTPLT

**1% METAL FILM

LINEAR TECHNOLOGY Fig. 21-8

VOLTAGE-TO-CURRENT CONVERTER

100k 0.5%

R 100k 5%  ©-15V Ry 100k 0.5%
b AAA———————— A —

15
v, R

O—WWy
100k 0.5%

ELECTRONIC DESIGN Fig. 21-9

This voltage to current converter uses three op amps to drive a pair of power transistors. The current
output is calculated as:
I Vi
ouT = R

Output resistance is over 50 MQ. Ingr can range from 1 mA to the current ratings of T1 and T2.
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1-TO-5 V de/dec CONVERTER 9-TO-5-V CONVERTER
82 uH
LI 2200 i;
PV 1N5818 4 by Vi SW,
M orzas SENSE
CELL SENSE v LT1173-5 270pH o
GND  SW, A anp SWe [, o
100pF ov 1N5818 =—— 100uF
T |omter T
4 1.
LINEAR TECHNOLOGY Fig. 21-10 | LINEAR TECHNOLOGY Fig. 21-11
This circuit, using the Linear Technology Using a Linear Technology LT1173-5, this con-
LT1173, produces 5 V at 40 mA from a 1.5-V AA | verter produces regulated 5 V from a 9-V battery.
cell.

+3-V BATTERY TO +5-V dc/dc CONVERTER

Ly 470uH 1N4148

M H—q»—l—> 59 DUT
A

470,F 15V

A3 i
249k 1) Lx

Il
—

1 w2
LBR § »
AMmAXIA o —I zh

MAXE30 yg|L
LBO Cx GND

Az
_I_s 2 4 2002
]
100pF T | = —
Ly =k
4ToF I

MAXIM Fig. 21-12

Ry
408k

A common power-supply requirement involves converting a 2.4- or 3-V battery voltage to a 5-V logic
supply. This circuit converts 3 V to 5 V at 40 mA with 85% efficiency. When I (pin 6) is driven low, the
output voltage will be the battery voltage minus the drop across diode D1. The optional circuitry that uses
C1, R3, and R4 lowers the oscillator frequency when the battery voltage falls to 2.0 V. This lower fre-
quency maintains the output-power capability of the circuit by increasing the peak inductor current, which
compensates for the reduced battery voltage.
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SINE-WAVE /SQUARE-WAVE CONVERTER

+12V

Vi O
C1
B3
4.7,M.F 100k A5 R4
1 10K 10k
R2 + (072) Balance
22k 10pF
RADIQ-ELECTRONICS Fig. 21-13

An op amp used as a comparator produces a 10-V p-p square-wave output with 100-mV input, to
15 kHz. Adjust R5 for symmetry of square wave at low input levels.

PRECISION FULL-WAVE ac/dc CONVERTER

S —— .AM,
R4
. < RS
oK EUC|1F 3k
w T w1
o
AC INPUT —Q
0-2V RMS DC OUTPUT
0-2 VOIS
av T
RADIO-ELECTRONICS Fig. 21-14

Cq
IC2 to 1.11. This factor is the average-to-rms conversion factor. IC1 and IC2 act as a full-wave rectifier
circuit, with D1 and D2.

A dc level is produced that corresponds to the ac input rms value (i sine wave). % set the gain of
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22

Crystal Oscillators

’I‘he sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Micropower Clock 10-to 80-MHz Oscillator

Simple Fundamental Crystal Oscillator 1-to 4-MHz CMOS Oscillator
Simple Third-Overtone Oscillator 150-to 30 000-kHz Oscillator
Colpitts 1-to 20-MHz Crystal Oscillator ~ 50-to 150-MHz Oscillator

100-kHz Crystal Calibrator Two-Frequency Colpitts Oscillator
100-MHz Overtone Oscillator 1-to 20-MHz TTL Oscillator
Voltage-Controlled Crystal Oscillator Crystal-Controlled Bridge Oscillator
330-MHz Crystal Oscillator Economical Crystal Time Base
10-to-150 kHz Oscillater Crystal Oscillator
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MICROPOWER CLOCK

l AN, 3t
— 33 k(2 A2 c2
22k} 47pF
25V

5
6 - Clock Qut
200 kHz
22K o MC14001B
3 068V
14
47 pF 8 _I_ 0.1 4F
25 Vv 10 :
33 kﬂ g) 1C1D 25V
= 7
1 M@ =
o M
4.7 k0
1M
_T_ 1 D f
330 pF v 470 pF
T 25V 200 kHz T 25V
- Murata Erie -
CSB 200 D
EDN Fig. 22-1

Although ceramic rescnators are a good choice for low-power, low-frequency clock sources (if you can
stand their 30-ppm temperature coefficient}, they have troublesome, spurious-resonance modes. This cir-
cuit rejects all but the resonator's fundamental mode. This clock circuit works from —40 to +80°C and
consumes only 2.8 mW.

The rising edge of resonator Y1 toggles IC1A low. ac-coupled positive feedback from IC1D via C1 and
R1 immediately confirms this state change at IC1B so that Miller loading, harmonic components, or
below-minimum rise times at IC1A cannot force IC1C to relapse to its previous state. This tactic also
applies to resonator Y1's falling edge because IC1C, via C2 and R2, holds IC1B high.

Choose time constants R;Cy, and R»C; to be equal and ranging from 60 to 75% of one-half of the
clock’s period. Ceramic capacitors (10% tolerance) with X7R dielectric work well. With these time con-
stants, the logic will be locked and unavailable to the ceramic resonator until just before it executes a legiti-
mate transition. IC1D and IC1C are in parallel to isolate the resonator from external loads and, more
importantly, from C2.
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SIMPLE FUNDAMENTAL CRYSTAL OSCILLATOR

UPC 16516

30 pF
>
S0
70 Mz
HF DESIGN Fig. 22-2

This simple fundamental oscillator uses a uPC1651G 1C and two components. The crystal is funda-
mental.

SIMPLE THIRD-OVERTONE OSCILLATOR

RF DESIGN Flg. 22-3

Using a 210-MHz third overtone crystal, this circuit operates directly at the crystal frequency, with
210-MHz output and no multiplier stages.

COLPITTS 1-to 20-MHz CRYSTAL OSCILLATOR

9710

12vDC Cd»

0

Rl
220K

This is a simple Colpitis crystal
5 oscillator for 1 to 20 MHz, can be easily
001 made from junk-box parts {provided that

T '—')I'—' & crysial is handy).
3 «XTAL1 2 <2
T T o0t ¥ K l :
L o O
= +#SEE TEXT OuUTPUT
50mv
POPULAR ELECTRONICS Fig. 224
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100-kHz CRYSTAL CALIBRATOR

AN i -+ 12V
A1)

Fig. 22-5

Using a 12-V supply, this crystal calibrator
should prove a useful accessory for a SW receiver.
Q1 and Q2 form an oscillator and Q3 is a buffer
amp.

,.[ 680pF
- 18Vde

73 AMATEUR RADIO

/7; -

Fig. 22-6

This oscillator circuit uses a 5th overtone crys-

tal in the 85-to-106 MHz range. Y1 is the crystal.

The circuit was origmally used to frequency control
a microwave oscillator,

Freq.
+1V

+4t08V

VALPEY-FISHER

VOLTAGE-CONTROLLED CRYSTAL OSCILLATOR

Y1
Jil
c1

0—”—~

Cont.

Range

—=0 Output

_T_Enable

Fig. 22.7

Notes:

1. For frequencies = 1 MHz, C1=5 to 15 pF.
For frequencies = 1 MHz, C1 can be eliminated.

2. IC is SN745124 for f,,, of 60 MHz.
IC is SNT418124 for ., of 35 MHz.
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330-MHz CRYSTAL OSCILLATOR

5¢-270 pr UPC 16516 18 pF
>
50
—]
330 MHz =
{fundamental)
AF DESIGN Fig. 22-8

A uPC 1651G IC operates in the fundamental
mode with an experimental crystal at 330 MHz.
The 56-t0-270 pF capacitor is not critical; about
+1-dBm RF output is available.

10-to 150-kHz OSCILLATOR

+510 +12 Vde
4 4 0

¥ Output
1 ‘1' Sine Wave

T Xe=5010
» 0 0 \Volts

VALPEY-FISHER Fig. 22-10
Note:
Y1is “H"", “NT" or “E"" cut

10-to 80-MHz OSCILLATOR

Y1 o]
1 It
—
40 +510
+15 Vde
4.7 ki2
47 kf2 X,= 22K 2.2k
[
150 (1 Qutput
o Square Wave
g 0 0 Volts
VALPEY-FISHER Fig. 22-9
Notes:

1. Y1 is “AT" cut, fundamental, or overtone crystal,
2. Tune L1 and C2 to operating frequency.

1-to 4-MHz CMOS OSCILLATOR

R2

c2

N

VALPEY-FISHER Fig. 22-11

Notes:

1L1MO < R < 5MQ
2, Select R, and C; to prevent spurious frequency.
3. ICs are 74C04 or equivalent,
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150-to 30 000-kHz OSCILLATOR

2.2KQ +510 12
AYAYA O
vDoC
3 v, Xc = 1.2KQ
Notes:
i o
OUTPUT, 1. Y1is “AT"", “*CT", “DT"', “NT"’, ““SL", or “E"" cut.
Cs DISTORTED 2. C1, C2, and C3 in series should equal the load capacity of crystal.
SINE WAVE 3. Adjust R} for 1/z supply voltage at collector of transistor.
Ca
T Xc = 40002
O
0 VOLTS
VALPEY-FISHER Fig. 22-12

C1 capacitor in series with the crystal may be used to adjust the output frequency of the oscillator.
The value can range between 20 pF and 0.01 uF, or it can be a trimmer capacitor.

X values are approximate and can vary for most circuits and frequencies; this is also true for resistance
values. Adequate power supply decoupling is required; local decoupling capacitors near the oscillator are
recommended.

50-to 150-MHz OSCILLATOR
+51t0 12

O
vDC
C, OUTPUT.
SINE WAVE

= Ch

O
0 VvOLTS

VALPEY-FISHER Fig. 22-13

Notes:

1. Y1is “AT"’ cut, overtone crystal.

2. Tune L1 and C2 to operating frequency. .
3. L2 and shunt capacitance (C0) of crystal (approximately 6 pF) should resonate to the eutput frequency of the oscillator (L2 =0.5xH at 90 MHz). This

is necessary in order to tune out effect of CO of the crystal,
4. C3 is varied to match output.
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TWO-FREQUENCY COLPITTS OSCILLATOR

12VDC
) —
100pF 22(11|< 6 =
PO 0.1
I\
n ‘ l._..
G znqazm
82pF C7
51 PO 001
- )
c? b
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O
=
¢4 5
S0pF 50pF

Fig. 22-14

POPULAR ELECTRONICS
Using switched crystals, this oscillator is intended for receiver alignment purposes.

1-to 20-MHz TTL OSCILLATOR

OUTPUT
Notes:

1. Ylis "AT" cut fundamental crystal.
2. ICs are 7400/7404.

GRND

VALPEY-FISHER Fig. 22-15

CRYSTAL-CONTROLLED BRIDGE OSCILLATOR

E Oscillator

N Fig. 22-16

This crystal-controlled oscillator uses the cur-
rent variations in a small lamp to stabilize amplitude

variations.

Wy OUt
® 20Tz

127



ECONOMICAL CRYSTAL TIME BASE

Rp 515V
AM—(F)
1008 5001,
- Olv]
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¢ R GND R1 81 GND R2 §2
X 12 18 4 |6 7 10 |8 c3
D == 10 uF
18V
c1 c2
z2pF”| 210 22 pF
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ELEKTOR ELECTRONICS Fig. 22-17

The above time base circuit will provide 50-, 100-, or 200-Hz signals from an inexpensive crystal cut
for 3.276 8 MHz, a common crystal used for microprocesser works. It requires a power supply of 510 15V
at 0.05 to 2.5 mA.

CRYSTAL OSCILLATOR
_T_ AN »+9V
J._1 00
2N3563
0.01 uF
3309-1' 01k
- S+
WILLIAM SHEETS Fig. 22-18

This simple circuit will oscillate with a wide range of crystals. Connect several different types of crys-
tal holders in parallel to improve versatility. The 3-to 40-pF capacitor adjusts crystal frequency over a small
range for setting to standard-frequency transmissions when the unit is used as a crystal calibrator.
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23

Data Circuits

’E)e sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.

3-Wire Receiver/Message Demuxer
Data Acquisition System I

Data Acquisition System II
Low-Frequency Prescaler

Analog Data-Signal Isolater
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3-WIRE RECEIVER/MESSAGE DEMUXER
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Fig. 23-1

EDN

This 3-wire receiver checks the first four data bits of 16 received bits against a preset address. If the
two match, the remaining 12 bits are latched into two 6-bit flip-flop registers. Either CMOS or TTL logic
families can be used in the design.
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DATA ACQUISITION SYSTEM |

12-e17
ADC
Hi-774A

H1-508
§TOAAGE
REGISTER

HA-5330

16
CHANNEL
Mux

bt

CLk

_!\
_V,/'
B
SELECT

I PAJE sTS l
L] 2
BINARY CLOCK

counTER 9 INPUT 17 - MUX SETTLING
12 = CONVERSION INITIATED

HARRIS Fig. 23-2
The HI-506 multiplexer is used as an analog

input selector, controlled by a binary counter to

address the appropriate channel, The HA-5330 is a

high-speed sample and hold. The sample/hold con-

trol is tied to the status (STS) output of the HI-
774A; whenever a conversion is in process, the S/H
is in the hold mode. A conversion is initiated when
the clock input becomes low: when the clock
becomes high, the mux address changes. The mux
will be acquiring the next channel while the ADC is
converting the present input, held by the S/H. The
clock low time should be between 225 ns and 6.5
us, with the period greater than 8.5 ps.

With this timing, T/C will be high at the end of
a conversion, so the output data will be valid ~ 100
ns before STS goes low. This allows STS to clock
the data into the storage register. The register
address will be offset by one; if this is a problem, a
4-bit latch can be added to the input of the storage
register. With a 100-kHz clock rate, each channel
will be read every 160 ps.

DATA ACQUISITION SYSTEM It

=T ======= r===-—======-- |
| LATCH 1 1
' /A i :
: H INTERFAGE —L‘ MEMORY !
L . — ra_ I N |
- I —— N |
b /7 | |
L - 1——5-[ l |
ANALOG : | > ) ) l :
INPUTS : COMPARATORS 1
o=t T I
| 4 1 MICROPAGCESSOR ]
I i .
o—t— ' |
: :D_‘4 INTERFACE : J
| S 4 I

ANALOG INPUT MDDULE
HARRIS

PROCESSOR

Fig. 23-3

In this circuit, an HA-4900 series comparator is used in conjunction with a D/A converter to form a simple,
versatile, multichannel analog input for a data acquisition system. The processor first sends an address to
the D/A, then the processor reads the digital word generated by the comparator outputs. Tb perform a
simple comparison, the processor sets the D/A to a given reference level, then examines one or more
comparator outputs to determine if the inputs are above or below the reference. A window comparison
consists of two such cycles with two reference levels set by the D/A. One way to digitize the inputs would
be for the processor to increment the D/A in steps. The D/A address, as each comparator switches, is the
digitized level of the input. While stairstepping, the D/A is slower than successive approximation; all chan-

nels are digitized during one staircase ramp.
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LOW-FREQUENCY PRESCALER
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RADIO-ELECTRONICS Fig. 234

For multiplying frequencies in the 1-to 150-Hz range, this circuit uses a 4046B and a + 100 prescaler.
The VCO output is phaselocked to the low-frequency input. This simplifies use of a frequency counter to
measiire LF signal frequencies.

By using a 4017B and a 1-kHz fiy, the circuit can be used as a 1-to 9-kHz frequency synthesizer or as
a x10 frequency multiplier.
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ANALOG DATA-SIGNALS ISOLATER
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ELECTRONIC DESIGN Fig. 23-5

By converting analog data to digital and using optocouplers, this circuit can be used to transmit analog
signals across barriers, such as voltage levels, different ground systems, etc.
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24

Detectors

’l‘he sources of the following circuits are contained in the Sources section, which begins on page 664. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Thermally Operated Direction Finder NOAA Weather-Alert Decoder

Two-Sheets Detector Low-Level Diode Envelope Detector
Metal Detector Trip-Point Detector and Controller
Metal Detector AM Envelope Detector

Peak Detector IC Product Detectors

Undervoltage Detector Peak Detector

SSB/CW Product Detectors Air-Pressure Change Detector
RF-Field Detector Duty-Cycle Detector

Line-Operated Smoke Detector Op Amp Peak Detector
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THERMALLY OPERATED DIRECTION DETECTOR
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ELEKTOR ELECTRONICS : Fig. 24-1

A heat-sensitive sensor can be used to construct a direction detector. Such a sensor reacts to all ani-
mal heat. The one used in this design has a sensitive surface that has been divided into two. It, therefore,
makes a difference, whether the heat approaches from the left or the right. The indication for cold objects
is, of course, exactly the opposite.

Circuit IC1B forms a symmetric supply. Terminal s of the sensor is its output. The signal at s is ampli-
fied in IC1A by a factor of about 70 before it is available at the output of the detector.

To obtain good directivity, it is best to place the sensor behind a single narrow slit, rather than behind
the usual raster of a multifacetted mirror. The circuit draws a current of only a few mA from a 5-V supply.
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TWO-SHEETS DETECTOR
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Using the principle of capacitance between two plates this circuit senses when more than one sheet of
paper goes between the sensing electrodes at a time. C1 is the sensing capacitor formed of two plates. It
consists of two plates 2" % 15” with 0.1” spacing. A change of capacitance causes a change in oscillator
frequency of the IC1 circuit, which is detected by IC2 and 1C3.
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METAL DETECTOR

cr R4

a1
N804

POPULAR ELECTRONICS

R3
10K

= gV

An NE602 acts as a heterodyne detector and
Q1 as a sense oscillator. When L1 is brought near
metal, it causes a charge in loop inductance, shifting
the resonant frequency of L1 C6/C7. L1 is 5 turns |
#20 wire on a2 9" diameter wood or plastic form.

METAL DETECTOR
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POPULAR ELECTRONICS

Fig. 24-4

Using an oscillator running at 455 kHz, the metal-detector circuit produces an indication on the meter
M1. When the oscillator frequency changes because of metal in the field of L1, the change will show as an
increase or decrease in frequency, which produces a charge in the meter reading. The ceramic filter FILT1
produces a selective bandpass that yields this effect. L1 can be a 4" diameter coil wound on a suitahle
plastic form. About 10 turns of #26 wire are required. Use a frequency counter to adjust L1 and verify that
Q1 is operating on or near 455 kHz.
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PEAK DETECTOR
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A 0-to-5 V input drives the negative input of LM392 comparator if reset (pin 12) if DC4060BE is
pulled high then low, all outputs of ICF1 are forced low, forcing + input of comparator to go low. Q1 is cut
off and IC1’s clock oscillator, running at about 775 Hz, starts counting. The Q4 through Q14 outputs con-
nect to a ladder. When the counter reaches a count so that the voltage on pin 3 of the LM392 equals the
peak input voltage, the counter stops. This voltage is available at the output of the voltage follower LM392
(pin 7). The maximum time to acquire a peak is 22 seconds. This circuit is slow and was originally
intended for battery-charging applications.

UNDERVOLTAGE DETECTOR

The output goes high when the supply falls
below a value determined by zener diode D1. 1f D1
is a 5.6-V zener, the op amp will switch high when
the supply voltage falls below approximately 11 V.
The precise trip point can be varied by replacing R3
with an 820-kQ resistor in series with a 470k}
potentiometer.

AAA
Al

RADIO-ELECTRONICS Fig. 24-6
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SSB/CW PRODUCT DETECTORS
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ARRL HANDBOOK Fig. 24-7
These circuits are used for product detection of single-sidebound (SSB) and CW signals. BFO injec-
tion is typically 0.5 to 1 V rms for both circuits. Frequencies can be up to 25 MHz or so.
RF-FIELD DETECTOR
R3
LU 22k
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2mH 133:1 d
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POPULAR ELECTRONICS

the FM broadcast band.

Fig. 24-8
This detector is a half-wave rectifier for RF, which then feeds an op amp. UIA acts as an amplifier,

driving meter M1. This circuit can detect mW RF levels from below the AM broadcast band to well above
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LINE-OPERATED SMOKE DETECTOR

RACA

G Rk

Fig. 24-9

Using an ionization chamber and a high-impedance (CA3130) op amp, the presence of smoke will

cause the CA3130 to stop oscillating, triggering S106D SCR, sounding the alarm.

NOAA WEATHER ALERT DECODER
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POPULAR ELECTRONICS Fig. 24-10

This circuit detects the 1050-Hz tone sent by the NOAA (National Oceanic and Atmospheric Adminis-
tration) Weather radio stations that operate from 162.40 to 162.55 MHz. This tone lasts for several sec-
onds. Q1 is an amplifier that feeds tone detector Ul, an NE567 detects this tone and produces a low on pin
8. This is coupled to a 555 timer (U3), which produces a high on its pin 3, sounds BZ1, triggers SCR1, and
lights the LED. S2 is used to rest the circuit.

Audio is taken from the receiver that is used with the device. S1 is used to test the device and it will
sound the alarm in two seconds if all is OK.
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LOW-LEVEL DIODE ENVELOPE DETECTOR
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An approach to low-level RF detection and performance curves is shown here. This design is for
10 MHz, but values can be scaled to other frequencies, if needed.
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DETECTOR AND CONTROLLER
+5¢ Control valtage @ ¢ Ve 0y 4§ Fiip-lop reset

Comparator &

Threshold 5+ ;3 Output
> D {

Comparator B -

2

o '
I0L555 I
timer I
S I -
ELECTRONIC DESIGN Fig. 24-12

Many applications require analog signals to be sensed and digital signals to be controlled. A way to
detect these points is by using a 555 timer in an unconventional configuration. This method will also add
hysteresis to the circuit and guard against oscillation. The 555 supplies two comparators and a flip-flop
eliminates the oscillation. Using this classic timer in the new configuration also reduces the component
count,

The circuit shows the 555’s trigger and threshold pins tied together. This enables the comparators to
set and reset the flip-flop. Op amp U2 supplies both the trip-point setting and a way to adjust the hystere-
sis for ON and OFF points. One application where this circuit would be useful is in a Nicad battery-charge
controller.

AM ENVELOPE DETECTOR

FROM LAST
IF
AMPLIFIER

This general-purpose detector for AM enve-
lope detection can be used in many receiver appli-
cations. T1 matches the IF amplifier impedance
(typically 1 to 10 k) to the 1 k{} (approximately)
detector impedance. D1 can be an IN60, IN82AG,
IN270, or a similar type.

POPULAR ELECTRONICS Fig. 24-13

142



IC PRODUCT DETECTORS
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PEAK DETECTOR
OFFSET
ADJUST hoK:
HA-5320
+ — .
\‘»-1’ > An analog signal requires ahout 100 ns to prop-
INPUT & / : &—o QUTPUT . . .
> - agate through the HA-5320. For time-varying sig-
T nals, this assures a voltage difference between
input and output. Also, the voltage changes polarity
) 1 7aLszae when the signal slope changes polarity (passes a
* peak). This behavior makes the circuit a possible
- ) } 1 sample/hold peak detector, by adding a comparator
RESET o 2 z“iw to detect the polarity changes.
T
HARRIS Fig, 24-15

The exclusive NOR gate allows a reset function which forces the HA-5320 to the sample mode. The
connections shown detect positive peaks; the comparator inputs can be reversed to detect ne gative peaks,
Also, the offset must be introduced to provide enough step in voltage to trip the comparator after passing a
peak. This circuit works well from below 100 Hz up to the frequency at which slew-rate limiting occurs. It
captures the amplitude of voltage pulses, provided that the pulse duration is sufficient to slew to the top of

the pulse.
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AIR-PRESSURE CHANGE DETECTOR
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POPULAR ELECTRONICS Fig. 24-16

A piezoelectric detector (BZ1) is used in this circuit to detect a change in air pressure. BZ1 produces
a voltage that is amplified by U1A and U1B. Frequency response is limited to low frequencies. The signal
is rectified by D1 and D2 and drives @1, which activates BZ2, a piezoelectric buzzer.

DUTY-CYCLE DETECTOR
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POPULAR ELECTRONICS Fig. 24-17

This circuit looks at the time an incoming pulse is high. If the incoming pulse is shorter than the
adjusted (VAR1) pulse, the output of U1B is high. Values are shown for a 1-to 2-us pulse.
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OP AMP PEAK DETECTOR

+8V

MEG

VPEAK out

— 9V 7

RADIO-ELECTRONICS Fig. 24-18

The output of this circuit will be a voltage that is equal to the peak of the input. D1 and C1 detect the
peak voltage and this is read by the IC2 voltage follower.
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25

Direction Finders

The sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Digital Compass
Radio Direction Finder
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DIGITAL COMPASS
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A four output Hall sensor combined with a few logic gates produce this digital compass. The NOR
gates resolve the four Hall outputs into eight distinct compass directions. LEDs to indicate direction are
driven by eight inverters. A power supply for 5.25- to 18-Vdc operation is shown in the figure.
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RADIO DIRECTION FINDER (Cont.)
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73 AMATEUR RADIO Fig. 25-2

This RDF circuit consists of a square-wave oscillator (IC1), which switches two antennas alternately
at an audio rate. A phase detector (Q1, 2, 3, 7) is used to compare receiver output amplified by IC2 with
the reference phase from IC2 with the reference phase from IC1. A 50-A meter is used as a left-right
indicator. IC3 is a comparator used to drive indicator LEDs.
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Dividers

The sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

150

Clock Input Frequency Divider
Programmable Frequency Divider
Divide-by-Odd-Number Counter
7 490 = N Circuits
Divide-by-2-or-3 Circuit

1 +-GHz Divide-by-N Counter
Divide-by-N+1/2 Circuit



CLOCK INPUT FREQUENCY DIVIDER

A B 0,— 0, === —0,1 0, o, g -4 1. THE INPUT CLOCK frequency fed
Fa P> D> > 0, |- into this circuit is divided by 2n—1. The
l_ [_ circuit consists of n clocked flip-flops and
¢ ——— i one exclusive-OR gate. The dt delay is
zero in most cases.
[J—-——

2. THIS CIRCUIT CONFIGURATION
divides the input frequency by three (a).
The circuit’s timing diagram verifies the

. ] L] 1T | division (h).
o J l | | | LA
Y
1
ELECTRONIC DESIGN Fig. 26-1

ICA, R1 through R3, and Q1 form a current source. The current that charges C1 is given by:
xRy
(R 1+ Rg) X.R3

- (15 x 3 kQ)
B kQ + 12 kQ) x 470 k{2

=6.4 uA
The input signal drives ICD. Because ICD’s positive input (V+) is slightly offset to +0.1 V, its
steady-state output will be near +13.V. This voltage is sent to ICC through D2, setting ICC’s output to
+13 V. Therefore, point D is cut off by D1, and C1 is charged by the current source. Assuming the initiai
voltage on Cl is zero, the maximum voltage (VC,...) is given by:

By > thy+ db + i+ by

The right side of the inequality should be the minimum pulse width (either up time or down time) of
the input clock. The circuit, when constructed with standard 74F-type parts, operates without any added
delay in the exclusive-OR feedback path and with an input frequency of up to 22.5 MHz. The circuit’s
output signal will have the same duty cycle as the input clock.
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PROGRAMMABLE FREQUENCY DIVIDER
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ELECTRONIC DESIGN Fig. 26-2
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PROGRAMMABLE FREQUENCY DIVIDER (Cont.)

This divider uses a variable-length shift register, a type-D flip-flop, and an inverter. ‘The clock feeds
the flip-flop clock input and the output of the shift register feeds the D input of the flip-flop. The FF output
is tied back to the reset input of the shift register so that each clock pulse shifts a “‘1”’ into the 4557. N+ 1
cycles after the reset pulse is removed. The first ‘*1”" will propagate through the register output. The ‘1’
is latched into the FF on the clock’s next falling edge and fed back to the 4557 reset pin, which resets the
shift register to zero. When a zero is clocked into the flip-flop on the next falling clock edge, the reset is
removed, restarting the process. The divide ratio is (N +2), where N = the binary number that is pro-
grammed into 4557.

DIVIDE-BY-ODD-NUMBER COUNTER
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EDN Fig. 26-3

This circuit symmetrically divides an input by virtually any odd number. The circuit contains # + /e
clocks twice to achieve the desired divisor. By selecting the proper », which is the decoded output of the
74L5161 counter, you can obtain divisors from 3 to 31. This circuit divides by 25; you can obtain higher
divisors by cascading additional LS161 counters. ‘

The counter and IC5A form the s+ /2 counter, Once the counter reaches the decoded counts, =,
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 » +1/2 cycles.

Although the circuit has been tested at 16 MHz, a worst-case timing analysis reveals that the maxi-
mum input frequency is between 7 and 8 MHz.
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7490 + N CIRCUITS
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A 7490, 741.590, 74C90, etc., is a decode divider, but it can be configured to divide by any N up to 10.
The above figures illustrate the connections necessary to divide by N from 5 to 10.

DIVIDE-BY-2-OR-3 CIRCUIT

p DIVIDE SELECT
ICq s
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16y IGa =
—+ o —> ©
c c
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L= QUTPUT
b
INPUT =>° e
cLock @ s o Q
EDN RESETO- Fig. 26-5

This circuit produces a symmetrical waveform when dividing by either 2 or 3. The Divide Select input
controls the division factor. When Divide Select is high, flip-flops IC1 and IC2, along with associated gates,
form the classical divide-by-3 circuit.

When divide select is low, however, the output of the AND gate, IC5, goes low. Consequently, the
NOR gate, IC4, inverts the feedback signal and passes it to the D input of the flip-flop, IC1. Now, IC1 acts
like a toggle flip-flop and produces a divide-by-2 output.

IC3, which is, in effect, a negative-edge-triggered flip-flop, provides symmetrical cutput signals.
When you select division by 2 (Divide Select is low), the output and AND gate IC6 is low, and IC3 simply
clocks out the divider’s output, delayed by one clock period. When you set Divide Select high, the path to
the output through the AND and OR gates, IC6 and IC7, is enabled. This path means that the output goes
high on the leading edge of IC3's input (not its output) and produces a symmetrical divide-by-3 output.
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1+ -GHz DIVIDE-BY-N COUNTER

~ Duad wodwlet prascaler Counter
Voo = Pind !‘— T4-bit shift Countar
Vg = PinG Ve reqister Devics Divide veluss |  irequency imput-to-swipot
nomber [P/P+1) [MHe) divide range
MC12015 32/33 225 992 10 32,863
08¢, D,_‘ Mehitlateh MC12016 /41 5 1.560to 41,047
086,., ] MC12017 64/85 s 4,02 t0 65,599
A T MC12019 20021 75 38010 20587
REF o To~d counter W12013 128/129 520 16,256 10 131,671
— = ==t = e = — eI 2022 128129 1100 16,256 10 131,071
- . T 6465 1100° 4032 to 65,599
! i ool lgie | “Typical values determined by jzer and i
prescaler times. All
| | other Irequenches are worst case.
T
il in, J"\.
114 T
L L — 3 -
i L f Modulus
| it = A 104t + N I coetrol
counter counter | Lock 0
0to127 1 I
— i I ] | detect Counter
Erable | f I | f input
{ _[>:D— 700 lakch 10.bil latch . e, [, j_
Program 1
pat { 22— I i | Tm"F
I conreh 7.4t hif Ty p, [ [Cni o
| shifi register register register I ‘ v [ inpul PP+
Clock [ I [ I L-— fy Counter outpat Dual-moduins
— - — - — - - — - - . — - —! Dul  prescaler
ELECTRONIC DESIGN Fig. 26-6

Counter speeds for CMOS- and TTL-programmable counters are limited to under 100 MHz. ECL-
type devices can approach a few hundred MHz, but with significant current requirements. However, cou-
pling the dual-modulus-prescaling technique with the available phase-locked-loop synthesizer chips that
control the prescaler circumvents these frequency and power-drain constraints.

With this approach, designers can also choose various counter-programming schemes (serial, parallel,
or data bus), in addition to achieving higher frequency capabilities. Low-power drain (less than 75 mW)
and low-cost devices can also be selected. Moreover, only two ICs are necessary to achieve divide values
above 131 000.

Maximum input frequency and dividing range for the counter are controlled by choosing an appropriate
8-pin dual-modulus prescaler. The counter’s output appears at synthesizer pin Fy (see the figure). The
total input-to-output divide value is governed by the equation:

NTOTAL=N><P+A

N and A represent the value programmed through the serial port into the divide-by-N and divide-by-4

counters. P is the lower dual-modulus value that is established by the synthesizer’s modulus-control signal.
Typically, A varies from zero to P—1 to achieve steps within the system’s divide range. N must be

equal to or greater than A. N> A then sets a lower limit on Nygrar, which is dictated by Apypax=P-1.
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DIVIDE-BY-N + 1/2 CIRCUIT
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This circuit, instead of dividing by an integer, divides the input signal by N +1/2. With the feedback
connections exactly as the figure shows, the circuit divides by 3.5. Point C ultimately controls when the
input clocks the 74HC161 4-bit counter. When C =0, the positive edge of the input triggers the counter, If
C=1, the negative edge of the input triggers the counter. Each time that point C changes level, the circuit
shortens the output pulse width of the counter by half of an input cycle. Thus, the counter’s diviscr
depends on how many changes occur at point C during one output period.

Although the figure divides by 3.5, feeding back different counter outputs produces different divisors.
Generally, an m-bit binary counter with pure exclusive-OR (XOR) feedback can form an N+1/z counter,
where N ranges from 272+ 1/2 to 2”-! - /2. The divided output is available at the m-1 bit of the counter.
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27

Driver Circuits

rrhe sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Op Amp Power Driver

Emitter/Follower LED Driver
Flip-Flop Independent Lamp Driver
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OP AMP POWER DRIVER
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Frequently, the output current of an operational amplifier is inadequate for the application as, for
instance, when a small motor or loudspeaker has to be driven. Normally, this is resolved by adding an
emitter follower to the circuit as shown in Fig. 27-1¢a). Unfortunately, that circuit does not allow the full
supply voltage, U, to be used, because the output voltage of the op amp must always be 1 to 2 V smaller
than + U;. To that must be added the drop across the base-emitter junction of transistors T1 and T2.

The circuit shown in Fig. 27-1(b) (principle) and Fig. 27-1(c} (practical) is a more appropriate solu-
tion: it was designed specifically for driving small motors. Since the output current of the op amp flows
through its supply lines, the driver transistors may also be controlled over these lines.

The value of base-emitter resistors R4 and R5 has been chosen to ensure that in spite of the quiescent
current through the op amp, T1 and T2 are switched off. Resistor R6 limits the output current of the op
amp, If the op amp is a type with guaranteed short-circuit protection, R6 may be replaced by a jump lead.

The output voltage is only 50 to 100 mV (collector-emitter saturation voltage of the driver transistors)
smaller than the supply voltage. When choosing these transistors, it is therefore essential to take into
account the saturation voltage (in addition to the maximum current amplification and power rating).
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OP AMP POWER DRIVER (Cont.}

The value of the resistors in an inverting circuit is calculated from:

and:

where o is the amplification.
In a noninverting circuit (R1 between the —input and ground and the input signal connected to the
+input of the op amp), the amplification is:

R,
= R®Rl+D

and:
R;j < <R,

T+
R, <

where R, is the input impedance of the op amps.
The circuit can be used with discrete (single) op amps only, hecause double or quadruple types in one
package share the supply voltage pins. The setting accuracy of the circuit in Fig. 27-1(c) is better than 1%.

EMITTER/FOLLOWER LED DRIVER

TYPICAL NEN LED DRIVER PNP EF LED DRIVER NPN EF DRIVER
LED HMOS CHOS LED L 2N356s
+5V TIL D1L, et. i -
tigh 1 g 10 10k lmmn Low- i logic it
— e y = e e ~ang | o
Ngn CA30%) on ieeive Eit,
(Pull-down usedin driver et High-active logie l
some appications) T 2N2907 2N3906 - &) (TTL raquives padi-up resistor) LED ©
ELECTRONIC DESIGN Fig. 27-2

Using emitter/followers saves parts and simplifies LED driver circuits and generally produces less
loading on logic circuitry.
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FLIP-FLOP INDEPENDENT LAMP DRIVER

S
LMP1
£9
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2.2 ufF
16V

R1
2.2k

ANA-

RADIO-ELECTRONICS

Assume first that SCR1 is on and SCR2 is off so that C1 is fully charged, with its LMP2 end positive.
The state of the circuit can be changed by pressing $2. As SCR2 turns on, it turns SCR1 off capacitively
via its anode. Capacitor C1 then recharges in the opposite manner (i.e., the left end is now positive). The
state of the circuit can be changed again by pressing S1, thus driving SCR1 on by way of its gate, and
driving SCR2 off capacitively via its anode.
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28

Electronic Locks

W

’.rhe sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Digital Entry Lock
Kevless Lock
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DIGITAL ENTRY LOCK
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POPULAR ELECTRONICS Fig. 28-1

A keypad enters a four-digit access code, whichis programmed via jumpers on a 24-pin plug-in header
and socket. Ul is an LST 220, which detects a four-digit sequential data input. When the correct data is
entered into the keyboard, pin 13 of U1 goes high, which activates Q1 and K1. K1 drives an external elec-
tric lock solenoid, etc.
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KEYLESS LOCK
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POPULAR ELECTRONICS - Fig. 28-2

The circuit uses a four-bit latch (U1). What makes the circuit sequential is that the set input of the first
bit latch is tied to the reset of the second bit latch, and so forth. That ensures that any bit latched will be
reset by the previous bit latch. The ECG8314 also has a master reset (pin 9) that is tied to the first bit-
latch reset (pin 3), which provides an added measure of security for the lock.

The outputs of Ul are fed to a four-input AND gate (U2), then to Q1 (used as switching transistor),

which is used to drive relay K1. The EGC8314 has an enable low (pin) that can be used as a timing circuit,
if that is desired.
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29
Field-Strength Meters

’Exe sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

UHF Field-Strength Meter

Field-Strength Meter
Signal-Strength Meter
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UHF FIELD-STRENGTH METER

Ll

0-200 OR
0-50u4
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AMATEUR RADIO 3/67 WIDE BRASS #14 BARE COPPER WIRE Fig. 29-1(a)

Field strength meter schematic.

PC MATERIAL SOLDERED TG SMALL BRASS SHEET

( o CATHCDE END
D)

b 9V BATTERY

\
t—RADIO SHACK PLASTIC BGX 7.750" LG % 4375"w x 2.375"DP.
Fig. 29-1(b)

AMATEUR RADIO
Parts layout for the field strength meter.

Useful for transmitter or antenna alignment, this meter covers 400 to 500 MHz. An amplifier stage is
included for improved sensitivity. Follow the layout in Fig, 29-1(b).
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FIELD-STRENGTH METER

L o o
l_ B1 81
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POPULAR ELECTRONICS Fig. 29-2

This field-strength meter is basically a bridge circuit that is equipped with a 0-to-1-mA meter as a readout.

SIGNAL-STRENGTH METER

lav
.
}32
R4
L1 47k
4 yH7

ELEKTOR ELECTRONICS Fig. 29-3

This field-strength meter is useful for antenna testing. It covers 6 to 60 MHz and uses a rugged 0-to-1
mA meter. A 9-V battery supplies power. The unit can be mounted in a small plastic or metal case.
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30

Filter Circuits

’Dle sources of the following circuits are contained in the Sources section, which begins on page 665. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Fast-Response (settling) Low-Pass Filter
Tunable Audio Filter

Turntable Rumble Filter

Tunable Bandpass Filter

Low-Cost Crystal Filters

Antialiasing and Sync-Compensation Filter
Two-Section 300-to-3 000 Hz Speech Filter
300-to-3 400 Hz Second-Order Speech Filter
Fourth-Order 100-Hz High-Pass Filter
Simple Ripple Suppressor

Second-Order 100-Hz High-Pass Filter
Scratch Filter

Simple Rumble Filter

1000:1 Tuning Voltage-Controlled Filter
Two Sallen-Key Low-Pass Active Filter
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FAST-RESPONSE (SETTLING) LOW-PASS FILTER
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FAST-RESPONSE (SETTLING) LOW-PASS FILTER (Cont.)

By introducing an extra transmission zero to the stopband of a low-pass filter, a sharp roll-off charac-
teristic can be obtained. The filter design example of Fig. 30-1(a) shows that the time-domain perfor-
mance of the low-pass section can also be improved. Figure 30-1(b) shows the attenuation characteristic of
the proposed circuit. Position of the transmission zero is determined by the passive components around
the first op amp. It was chosen to obtain 60 dB of rejection at 60 Hz.

A suitable fourth-order Bessel filter has the frequency response, as shown by the dashed line. Its
response to a step input is characterized by settling time to 0.1% of 1.8 + F-=180 ms.

Figure 30-1(c) and 30-1(d) represent the step response for the filter of Fig. 30-1(a) in both normal and
expanded voltage scales. As you can see, settling time to 0.1% is below 100 ms; overshoot and ringing,
stay below 0.03%.

This quite significant speed and accuracy improvement can be a major factor, particularly for low-fre-
quency applications. Averaging filter for low-frequency linear or true rms ac-to-dc converters is an exam-
ple. Some anti-aliasing applications can also be considered.

For best results, resistance ratios R,+R;=20, Re~Rs=1.4, and capacitance ratios C;+ €,
= C3+ Cy=4.7 should be kept up for any selected F.

TUNABLE AUDIO FILTER
AF IN
R9
220K v
b
GAIN
; C4 R7
B, | g T o
-
10K R3 e 3 0F PLL
|9
A5 U1 8
22K R84, 10K 1} T4%
AMre-WA 1 RE &
l !'n. = 1KY
s T~
b §7 s ~ . p
. .:
€1 €2 REL Y
027 022 10K
1€ i
$h2
3 10k
=
POPULAR ELECTRONICS Fig. 30-2

This circuit uses a Wien Bridge and variable negative feedback. R7 controls the gain and R8A and R&RB
controls the tuned frequency.
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TURNTABLE RUMBLE FILTER
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ELEKTOR ELECTRONICS Fig. 30-3

Many record plavers unfortunately exhibit two undesired side effects: rumble (noise caused by the
motor and the turntable) and other low-frequency spurious signals. The active high-pass Chebyshev filter
presented here was designed to suppress those noises. The filter has a 0.1-dB ripple characteristic and a
cut-off point of 18 Hz.

The choice of a Chebyshev filter might not seem optimum for audio purposes, but because of its
0.1-dB ripple in the pass band it behaves very much like a Butterworth type. Its advantage is that the
response has steeper skirts (which are calculated curves}. Frequencies below 10 Hz are attenuated by
more than 35 dB. The phase behavior in the pass band shows a gradual shift so that its effect on the repro-
duced sound is inaudible.

If the filter is used in a stereo installation, the characteristics of both filters must be identical or nearly
so. Phase differences between channels can be heard—perhaps not so much at lower frequencies, but
certainly in the mid ranges. To ensure identity and also to obtain the desired characteristics, capacitors C1
through C5 must be selected carefully. It does not matter much whether their value is 467 or 473 pF’; this
difference only causes a slight shift of the cut-off point. However, they must be identical within that 1%
tolerance. For symmetry of channels, the capacitors can be paired and then used in either channei at the
corresponding position.

The diagram shows theoretical values for the resistors: their practical values are given in the table.
The prototype was constructed with 5% metal-film types from the E12 series and these were used with-
out sorting. Their tolerance was perfectly acceptable in practice.

The current drawn by the circuit is purely that through the op amp and it amounts to about 4 mA, The
high cut-off point is also determined by the op amp and it lies at about 3 MHz.

The only problem that cannot be foreseen is a possible coupling capacitor in the signal source. That
component will be in series with C1 and this might adversely affect the frequency response. However, if
its value is greater than 47 uF, it will have little if any effect; if it is below that value, it is best removed; C1
will assume its function.
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TUNABLE BANDPASS FILTER
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ELEKTOR ELECTRONICS Fig. 30-4

One of the difficulties in the design of higher-order tunable bandpass filters is achieving correct track-
ing of the variable resistors in the RC networks. The use of switched capacitor networks can obviate that
difficulty, as is shown in this filter,

The filter can be divided roughly into two stages: an oscillator that controls the electronic switches and
the four phase-shift networks that provide the filtering proper. The oscillator, based on a 555, generates a
pulsatmg signal whose frequency is adjustable over a wide range: the duty factor varies from 1:10 to
100:1,

Electronic switches ES1 through ES4 form the variable resistors whose value is dependent on the
frequency of the digital signal. The operation of these switches is fairly simple. When they are closed,
their resistance is about 60 Q; when they are open, it is virtually infinitely high. If a switch is closed for,
say, 20% of the time, its average resistance is therefore 240 Q. Varying the open:closed ratio of each
switch varies the equivalent average resistance. The switching rate of the switches must be much greater
than the highest audio frequency to prevent audible interference between the audio and the clock signals.

The input signal causes a given direct voltage across C1, so the op amp can be operated in a quasisym-
metric manner, in spite of the single supply voltage. The direct voltage is removed from the output signal
by capacitor C10.

The fourth-order filter in the diagram can be used over the entire audio range and it has an amplifica-
tion of about 40, although this depends to some extent on the clock frequency. The bandwidth depends
mainly on the set frequency. The circuit draws a current of not more than 15 mA.
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LOW-COST CRYSTAL FILTERS
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Low-cost CB crystals can be used for these 9-MHz crystal ladder filters. Notice that the 27-MHz
crystals (3rd overtone) are used on their fundamental frequencies.
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ANTIALIASING AND SYNC-COMPENSATION FILTER
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Two dual-biquad filter chips and some external components form a multipurpose filter to reconstruct
D/A converter signals. Connected to a converter’s output, the filter provides antialiasing, reduces the D/A
converter's quantization noise, and compensates for sin(wx) + (rx)—the “‘sync’’ function (attenuation).

The circuit incorporates an inverse-sync function that operates to one-third of the converter’s sample
rate. Beyond one-third, the filter’s response shifts to a stopband filter, which provides — 70 dB attenua-
tion. This attenuation conforms to the converter's inherent signai-to-noise ratio and quantization error.

To prevent aliasing, the stopband edge must be no higher than the Nyquist frequency (f,,+2). To
achieve 70-dB stopband rejection with this eighth-order filter requires a transition ratio (fsroppann
+feassanp) Of 1.5, which sets the passhand’s upper limit at £+ 3.

Notice also that you can apply a simple divide-by-64 circuit to the 192-kHz clock frequency to set the
necessary 3 x ratio between the converter’s sample rate and the filter's 1-kHz corner frequency. The V*,
V=, and the F, through F5 connections program each filter chip for an f i/, ratic of 191,64,
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TWO-SECTION 300-3 000 Hz SPEECH FILTER
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RADIO-ELEGTRONICS Fig. 30-7

An LM387 dual low-noise amplifier is used in an active filter. Both sections are used to produce sec-
ond-order HP and LP filters, respectively.

300-t0-3 400 Hz SECOND-ORDER SPEECH FILTER
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RADIO-ELECTRONICS Fig. 30-8

Using two op amps, this filter is designed for second-order response. It has a bandpass of 300 to 3 400
Hz, for applications in speech or telephone work.

FOURTH-ORDER 100-Hz HIGH-PASS FILTER

RADIO-ELECTRONICS

This filter, using two sections of LM741, can he scaled in frequency, if desired.
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SIMPLE RIPPLE SUPPRESSOR
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This circuit, at times called a capacitance multi-
plier, is useful for suppression of power-supply rip-
ple. C1 provides filtering that is equal to a capacitor
of (B+1} C,, where B =dc current gain of Q1 {typi-
cally > 50).

SECOND-ORDER 100-Hz HIGH-PASS FILTER

RADIQ-ELECTRONICS

This second-order filter can be scaled to
change the cutoff frequencies.

SCRATCH FILTER

RADIO-ELECTRONICS

Fig. 30-12

Designed to produce 12-dB/octave roll-off
above the 10-kHz cutoff frequency, this LP active
filter will help reduce needle scratch on records. It
uses an LM387 low-noise amplifier IC.

SIMPLE RUMBLE FILTER
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cl out
0033 —0
R3 4
470K 3
RADIO-ELECTRONICS Fig. 30-13

This circuit is a two-section active HP filter
using an LM387, with a cutoff below 50 Hz at
12-dB per octave. It will help reduce rumble as a
result of turntable defects in record systems.
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1000:1 TUNING VOLTAGE-CONTROLLED FILTER
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ELECTRONICS TODAY INTERNATIONAL Fig. 30-14

A standard dual integrator filter can be constructed using a few CA3080s. By varying IABC, the reso-
nant frequency can be swept over a 1000:1 range. At IC1, three are current-controlled integrators. At
IC2, four are voltage followers that serve to buffer the high-impedance outputs of the integrators. A third
CA3080 {ICb) is used to control the @ factor of the filter. The resonant frequency of the filter is linearly
proportional to Iypc. Hence, this unit is very useful in producing electronic music. Two outputs are pro-
duced: a low-pass and a bandpass response.
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TWO SALLEN-KEY LOW-PASS ACTIVE FILTERS
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(B} FOURTH ORDER BUTTERWORTH LOW PASS AUDIO FILTER

RADIQ-ELECTRONICS Fig. 30-15

These filters are designed for 10-k{2 impedance level and 1-kHz cutoff frequency, but the components
can be scaled as required for other impedances and cutoff frequencies.
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31

Flashers and Blinkers

F.[‘he sources of the following circuits are contained in the Sources section, which begins on page 666. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Pseudorandom Simulated Flicker Sequencer
Xenon Flagher

Strobe Alarm

Sequential Flasher

LED Flasher

Sequential LED Flasher with Reversible Direction
Multivibrator with LEDs

Flashing LED Controller

Flicker Light
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PSEUDORANDOM SIMULATED FLICKER SEQUENCER

£ [» cLock

N ICo

Ng

Qy

1 74HC164

13

@

[> cLock

1— INa,
2 INg

6

/10 TO 500 Hz

- wn

3 ICM- 7555
1C,

NC

EDN

< 068 .F

TAHC164
1Ca

Qs

—0 5

5

Qs b—

T1G
Ky

P&B #0716-52

]

180 TO 360

INCANDESCENT
LAMP

NEUT

Q

©

<

o]
HOT

AG LINE
12 TQ 280V

14
FUSE

Fig. 31-1

The 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 comprises an oscillator, IC1, and a 15-stage, pseudorandom sequencer, IC2—4. The
sequencer produces a serial bit stream that repeats only every 32 767 bits. Feedback from the sequenc-
er’s stages 14 and 15 go through IC4D and back to the serial input of IC2. Notice the RC network that
feeds 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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XENON FLASHER

[ C,
10 pF, 250¥ 10 pF, 250V 1N4004
D.
! R, ™
R, & 560k
Ca t Rj
60 UF 100k, 1W
350V
120V ac
Q,
12%
SID
?:.p MEKIV-
125
4-Ky PULSE
TRANSFORMER
EDN Fig. 31-2

Using a voltage-doubler supply, this circuit charges a 60-uF capacitor and discharges it through a
Xenon lamp, The SIDAC device is manufactured by Motorola. It is a two-terminal device that breaks over
at a specified voltage. R4, R5, and C4 determine the flash rate.

STROBE ALARM
WA . +330V)
A2 Rl &
s2 750K IMEG 3 Li
R20 TEST c2 SEE TEXT
_ SEE TEXT I 0.047
J1 o—AWA— O O
3 2 ™
" > POWER
CLM8200 SUPPLY
FROM e
SENSOR | 4 \ :D
! COLORED DOT N
DESIGNATES 4 1
CATHODE
b
R &
47K 3
el .
RADIO-ELECTRONICS = Fig. 31-3

This strobe gives a visual indication of a sensor input. The input signal causes Ul, a light dependent
resistor, to charge C1 and C3 through R4, When NE1 fires, C3 discharges into SCR1, which triggers it and
causes C2 to discharge through trigger transformer T1, which triggers Flashlamp FL1. The 330-V supply
should have about 50 to 100 uF output capacitance. L1 supplies about 25-mH inductance to prolong the
flash and the life of FL1.
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SEQUENTIAL FLASHER

17T VAC - ’ : §
v A4 R5
+f° . MR T
-
d1 .,
T

*SEE TEXT

IC1 IC2
566 4017

1k Out LK

RADIO-ELECTRONICS Fig. 31-4

Using a 555 timer to drive a CMOS counter, this device uses RCA CA3079 zero-voltage switch to

control triacs TR1 through TR4. This circuit can be used to sequence lamp displays, etc.
Caution: The CA3079s are connected to the 117-V line, as is the clock and counter circuit and their

power supplies. Use caution, good insulation, and safe construction practices.

LED FLASHER

+6Y

]

This circuit is designed to flash an LED. The
100-uF capacitor can be changed to alter the flash
rate as desired.

10ké
>

EDN
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SEQUENTIAL LED FLASHER WITH REVERSIBLE DIRECTION'
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+5Y gy R1Z=2200
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POPULAR ELECTRONICS J__ Fig.31-6

A 555 timer clocks a 74190 up/down counter. The 74190 drives BCD decoder driver 7442, The 7476
is used to reverse the count on 0 and 9, which results in an up-down-up-down count sequence.

MULTIVIBRATOR WITH LEDs

HEP HEP
P2000 F2000 A simple astable multivibrator is used to alter-
47 47 nately flash two LEDs. The approximate time con-
stant is 0.69.
2N3641 -

23641 o (RiC1+RoCp) Ry=R;=10kQ
HEP50 HEP50 Ci=Cy=100 pF
EDN Fig. 31-7
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FLASHING LED CONTROLLER

K1 — K2

D2:IN4148

ELEKTOR ELECTRONICS Fig. 31-8

The LED with integrated flasher is connected in series with the base-emitter junction of transistor
T1. Thus, the load connected to K2 is switched on and off in rhythm with the flash rate. This load can be a
relay or a lamp.

The maximum collector current of the transistor (of the BD139 =750 mA) must not be exceeded. If
that is not sufficient, a power Darlington can be used, which will give some amperes. The current drawn
by the circuit under no-load conditions amounts to 20 mA.

FLICKER LIGHT D3
501 1N4005
s 117VAC ¢
a @B
SCRI
C106
Fl a3 g s
3A 2N 2646 < 474
] B2 B1
T 1N4002 R4 C4
18Y aTK 1
az
cT 2NZ646
— —— b
B2 B1
Dz R3 c3
1N4002 27K 1
o — W ¢
o1 R2
2N2646 220
B2 B1 b
R cz
18K 1
[ ——
c1
100
—i¢
pL1
117G
POPULAR ELECTRONICS Fig. 31-9

This circuit will produce a flicker light effect with an ordinary incandescent lamp. Three UJT relaxation
oscillators fire the SCR in a pattern.
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Fluid and Moisture Detectors

’E'le sources of the following circuits are contained in the Sources section, which begins on page 666. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Water-Level Control Rain Alarm

3-V Water-Level Detector  Full-Cup Detector for the Blind
Liquid-Level Sensor Latching Water Sensor

Full Bathtub Indicator Water-Leak Alarm

Moisture Detector Water-Level Measurement Circuit
Flood Alarm
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WATER-LEVEL CONTROL

Fi
10A

+H125V This circuit will power up a water pump when
the water reaches a predetermined level. Then it

turns itself off when the water recedes to another
predetermined point,
Gates ULA through U1C each have their two

- inputs tied together, and serve as probes. The
'J;?' Powes 'y probes are then placed at various levels to trigger a
particular function at a predetermined time. The

13?51 ‘s'} ground side of the circuit is placed below the mini-

AMA

W[
@EDN

mum water level. The inputs to each gate are tied
high through a 100-k? resistor connected to the
+12,5-V bus.

As the water level slowly rises to probe 1, the
mput to UlA is pulled low by the conduction of cur-
rent through the water to the ground probe. That
turns Q1 off and Q2 on. With Q2 turned on, the cir-
cuit is placed in the standby mode, ready to activate
the pump when conditions are right.

Probe 2 is placed at the maximum water level.
If the water level reaches probe 2, the input of U1B
is brought low, turning Q3 on, which, in turn,
causes current to be applied to the gate of SCR1,
turning it on. The circuit through K1, Q2, and
SCR1 is now complete to ground, and the water

N3906 pump is now turned on, which causes the water
level to recede. When the water level falls below
LA, probe 2, U1B goes back to logic high.
i i 12 W However, because of the latching nature of
s s 7 o SCR1, the pump continues to run until the water
L 4 woroseo T Wanning level falls below probe 1. At that point, the ground
GROUND PROBE circuit opens and de-energizes K1, which turns the
SEE TEXT) pump off. The pump will not turn on again until the
POPULAR ELECTRONICS Fig. 32-1 water level again rises above probe 2.

Probe 3 was added as a warning. If the water
level reaches probe 3, LED2 indicates that the
pump is not working. Switch S2 is a manual over-
ride and S1 powers the sensing circuit. LED3 indi-
cates that power has been applied to the pump.
LED1 indicates that power has been applied to the
SEensar.
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3-V WATER-LEVEL DETECTOR

v, av
17 VP 18 j_ -
0.1 pF SWITCH RS
B Vi
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5 47K
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O
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P T av
Q1pF == 4RSS T 0.1 pF 1 >
4
13
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12 NG
1 .
= +
. 1 22M 'rc. e !["" !LA, INDICATOR
——15T8 osc ——l—-W‘c—Oav 100 pF LED
Ve GND 10 pF
10 9 T
i v, o_ﬁ_. MUSICAL GHRISTMAS
L i CARD
>
L S100k
EDN Fig. 32-2

Originally, this circuit was used to sense a low-water level in a Christmas tree stand, but the circuit can
be used as a water-level detector for pump controls, water sensors (for garden and lawn applications), etc.
A comparator and probe setup with a Linear Technology LTC1040CN comparator drives a 2N3906, which

switches a tone generator. Sampling occurs every 20 seconds, which minimizes current drain. A pair of
dry cells will power the circuit for several months.

LIQUID-LEVEL SENSOR

N1, N2= /2 4093
D1...D3= 1N4148

Sensor

R1 G2 cpl

470 k2 202 2n2

This circuit uses an ac-sensing signal to elimi-
nate electrolytic corrosion. The ac signal is rectified
and used to drive a transistor that controls a relay.

T=
n;
=

ELEKTOR ELECTRONICS

Fig. 32-3




FULL BATHTUB INDICATOR

Haddagpn
Hdiipiyhlyis
AR

TENNRANN

AL

ARARARR
=

1

ELEKTOR ELECTRONICS Fig. 32-4

Running a bath can end in a minor domestic disaster if you forget to turn off the taps in time. This
indicator activates an active buzzer to provide an audible warning when a given water level is reached.

Because the water sensor and the driver circuit for the buzzer are contained on one PC board, the
indicator, together with the 9-V battery and the buzzer, can be built into a compact case. Obviously, the
sensor, which is etched on the PC-board, must not be fitted in case-iron or steel bath, the indicator is
secured to it with the aid of a magnet glued onto the case. To prevent scratching the bath, the magnet can
be covered in plastic or rubber. If you have a polypropylene bath, the indicator can be stuck to it with blue
tack or doubie-sided adhesive tape.

When the water reaches the sensor, the base of T1 is connected to the positive supply line. As a
result, T1 and T2 are switched on so that the buzzer BZ1, a self-oscillating type, is activated. The current
drawn by the circuit in that condition is about 25 mA.

In case the circuit is actuated by steam, its sensitivity can be reduced by increasing the value of R2. It
is best to tin the PC board tracks to prevent corrosion.

T1, T2=BCH48C
BZ1 = active piezo-ceramic resonator
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MOISTURE DETECTOR
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POPULAR ELECTRONICS 5%4,( = Fig. 32-5

A bar-graph LED driver is used to drive 10 LEDs to give a relative indication of moisture. The mois-
ture probes are connected so that electrical conductivity due to moisture tends to forward bias Q1, provid-
ing a dc voltage at pin 5 of U1 that is proportional to leakage current. Ideally, the probes should be made of
stainless steel.

- . FLOOD ALARM

Using a few bipolar transistors, this circuit acts
as a flood alarm. When liquid touches the probes,
leakage current biases Ql, Q2, and Q3 (a dc-cou-
pled amplifier) into conduction, which activates the
relay. The contacts can be hooked into the alarm
system.

b
$2=
+m

[
A
A
-
b
ES
3

RADIO-ELECTRONICS Fig. 32-6
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RAIN ALARM

. o
SENSUH—@) BC104C
l’ o $R3 C5 A
T $o 206F R
‘ ! ca
2 LM3BON 1004F
51 © u g l(
ON/OFF 8 . -
3 Ao
47
+ay \ R1 L . LS
16 -
== ‘30“ 34 i: 2.7K " 8002
‘ 10K
i
i i
- l |
POPULAR ELECTRONICS Fig. 32-7

This rain sensor causes Q1 to conduct when conductive liquid (rainwater, etc.) applies bias to its base.
This bias triggers LM380N oscillator and causes LS to emit a tone.

FULL-CUP DETECTOR FOR THE BLIND

PROBE
Q
R1 .
22K
ANy o o— 8V
FR2 SPKR1
iimes 4 8 gé 812
7 3
—
ut
$hR3 555
€ 4TMEG]  TimER €3
0
[ 5 e
N l
2i 1 1 =
0——i A
POPULAR ELECTRONICS —¢ Fig. 32-8

At the heart of the Full-Cup Detector is a 555-oscillator/timer configured to produce a 15-Hz click,
until its probe contacts are bridged, at which time its output frequency goes to about 500 Hz.

This circuit can be used by the visually handicapped to determine when a cup or bowl is full of liquid
(coffee, soup, etc). Ul, an NEB55, produces ticks at 15 Hz. A set of probes (wire, etc.) is placed in the
container at the desired level. When the liquid level contacts the probes, the frequency of clicks increases
to several hundred hertz, depending on its conductivity.
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LATCHING WATER SENSOR

- 4y
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POPULAR ELECTRONICS Fig. 32-9

A balanced Wheatstone bridge controls a JK flip-flop that uses an op amp as an interface. This in turn
drives a relay circuit. R1 through R4 can be made larger for increased sensitivity.

WATER-LEAK ALARM

i you choose to make your own
moisture sensor, this foll pattern
should come in handy.

A sensor connected to J1 causes SCR1 to conduct, which sounds buzzer BZ1. The sensor is a PC-
board foil pattern grid. Several sensors can be wired in parallel for increased coverage or to monitor sev-
eral places simultaneously.

POPULAR ELECTRONICS

Fig. 32-10
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WATER-LEVEL MEASUREMENT CIRCUIT
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POPULAR ELECTRONICS Fig. 32-11

Using a capacitor sensor to detect a water level is a simple method of sensing. This circuit uses C5,
which is 10" to 20" of #22 enamelled wire as one electrode. This shifts the oscillator, an NE556 timer, in
frequency. The frequency shift depends on the capacitance charge, which in turn varies with water level. A
meter connected to pin 9 of the 556 is used as an indicator. C5 can be made larger or smaller to suit the
intended application.
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Frequency-to-Voltage Converters

rEle sources of the following circuits are contained in the Sources section, which begins on page 666. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Frequency/Voltage Converter

with Optocoupler Input
Frequency/Voltage Converter

with Sampie And Hold
Frequency/Voltage Converter
Frequency/Voltage Converter
Single-Supply Frequency/Voltage Converter
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FREQUENCY/VOLTAGE CONVERTER WITH OPTOCOUPLER INPUT

15V v, +35V
Li"m o G5
4 R3 1000pF
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INPUT Rd R5 3
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~
T AMP L_
Sl T 11
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L 31-1 0.1
E — - 15Y
CIRCUIT VALUES
Fuli-Scale Full-Scale a R2
Frequency Dutput c1 cz {ohms) (chms)
10 kHz 1V 3300 pF 3.3 uF 1K 3.8K
10 kHz oV 3300 pF 0.33 uF 10K 38.3K
100 kHz 1y 680 pF 0.33 pF 500 1.82K
100 kHz 10V 860 pF 3300 pF 5K 18 2K
1 MMz 1V a7 pF 3300 pF 500 1.33K
1 MHz 10V 47 pF 1000 pF SK 133K
RADIO-ELECTRONICS Fig. 33-1

In this circuit, the input from IC2 optocoupler is fed to the comparator input of the AD650 (Analog
Devices or Maxim Electronics) V/F converter. This internally generates a pulse that is fed to the op amp,
which outputs a dc voltage that is proportional to frequency. Component values are shown in the figure.
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FREQUENCY/VOLTAGE CONVERTER WITH SAMPLE AND HOLD
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POPULAR ELECTRONICS

Ul is a frequency/voltage converter, feeding sample-and-hold circuit using an LF381. An LF351 pro-
vides 10-V full-scale output. The circuit produces 1-V/kHz output.

F-T0-V CONVERTER

v
OPTIONAL ACTIVE FILTER
Fig. 33-2

SAMPLE AND HOLD

FREQUENCY/VOLTAGE CONVERTER
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ELEKTOR ELECTRONICS Fig. 33-3

Teledyne Semiconductor’s Type TSC9402 s a
versatile IC. Not only can it convert voltage into fre-
guency, but also frequency into voltage. It is thus
eminently suitable for use in an add-on unit for
measuring frequencies with a multimeter. Only a
few additional components are required for this.

Just one calibration point sets the center of the
measuring range (or of that part of the range that is
used most frequently). The frequency-proportional
direct voltage at the output (pin 12--AMP OUT) con-
tains interference pulses at levels up to 0.7 V. If
these have an adverse effect on the multimeter,
they can be suppressed with the aid of a simple RC
network. The output voltage, U,, is calculated by:

U= Uet(C1+12 pF) Ry fin

Because the internal capacitance often has a
greater value than the 12 pF taken here, the for-
mula does not yield an absolute value. The circuit
has a frequency range of dc to 10 kHz. At 10 kHz,
the formula gives a value of 3.4 V. The circuit draws
a current of not more than 1 mA.
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FREQUENCY/VOLTAGE CONVERTER
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POPULAR ELECTRONICS Fig. 33-4

A dc output that is proportional to frequency can be derived with this circuit. It is useful for analog
frequency meter or tachometer applications.

SINGLE-SUPPLY FREQUENCY/VOLTAGE CONVERTER
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RADIO-ELLECTRONICS : Fig. 33-5

A Teledyne TSC9400 provides 0-to-1-V output from a 0-to-10-kHz input. A single +15-V supply is
used. Linearity is 0.25% to 10 kHz.
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Function Generators

’r}1e sources of the following circuits are contained in the Sources section, which begins on page 667. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Audio Function Generator

Nonlinear Potentiometer Outputs

Function Generator

Potentiometer-Position V/F Converter

FM Generator

1-Hz Timebase for Readout and Counter
Applications

White Noise Generator

Frequency-Ratio Monitoring Circuit

Pulse Train
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NONLINEAR POTENTIOMETER QUTPUTS
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ELECTRONIC DESIGN Fig. 34-2

Using these illustrated configurations, various rotation output characteristics can be obtamed from
potentiometers and one or two resistors.
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FUNCTION GENERATOR
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RADIO-ELECTRONICS Flg. 34-3

Using an Intersil ICL8038, this function generator generates frequencies from 1 Hz to over 80 kHz,
R1 is the fine frequency control and $1 is the coarse frequency control range switch. S2 selects square-,
triangle-, or sine-wave output. U2 is a buffer amplifier and R5 sets output level. R2 is adjusted for a sym-
metrical triangle wave. R3 and R4 are adjusted for minimum sine-wave distortion. Po
at less than 100 mA.

wer supply is £12'V



POTENTIOMETER-POSITION V/F CONVERTER
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RADIO-ELECTRONICS Fig. 34-4

In this application, an AD652IC is used in a synchronized V/F converter that derives its input from the
position of a potentiometer, This can represent a position of a mechanical component, weight, size, etc.,
to give a 0-to-100-kHz output versus the 0-to-5-V output from the potentiometer.

FM GENERATOR
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RADIO-ELECTRONICS - Fig. 34-5

The internal zener on pin 15 of the 4046B supplies a stable voltage to the 3140IC op amp. This ampli-
fier modulates the 4046B VCO. The amplifier gain is about 20x (26 dB voltage). The VCO produces a
220-kHz carrier that is FM modulated. C3 can be changed to vary this frequency.

200



1-Hz TIMEBASE FOR READOUT AND COUNTER APPLICATIONS
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ELECTRONIC DESIGN Flg. 34-8

This counter makes direct readout of frequency-generating equipment very easy when a 1-Hz time-
base is added to latch, reset, and the count signal is conditioned. This design has the flexibility to select
either polarity.

By differentiating, inverting, and ORing the clock pulses in XOR gate U2A, a stream of 1-Hz, positive,
200-ps pulses is generated. For latching, the 1-Hz stream is again differentiated in U2B, input 1 to supply
a 50-ps pulse. Though U2B’s output goes from high to low, it can be reversed, by making input 2 low.

Because the reset pulse must occur after the latch signal, the 1-Hz stream from U2A is delayed 100
ps at UZC input 1. The output-pulse polarity is determined by making U2C’s input 2 either high or low.

WHITE NOISE GENERATOR
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HANDS-ON ELECTRONICS Fig. 34-7

Germanium transistor Q1 is used as a noise generator in the audio range. U1 acts as a high-gain ampli-
fier. Q1 is not critical; most germanium transistors appear to he satisfactory. A germanium diode can also
be substituted. This circuit is mainly used for sound effects and noise experiments. It is not flat over the

audio range because of unpredictable effects in Q1, but it should be useful where high precision is not
necessary.
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FREQUENCY-RATIO MONITORING CIRCUIT
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ELECTRONIC DESIGN Fig. 34-8

This circuit produces an output frequency that is linearly proportional to the ratio of two input frequen-
cies f/f;. Each pulse of the bias £; (or f) will open G1 for a period T'=1/f; so that f;/f; pulses pass to the
output.

PULSE TRAIN
e e
[ ﬂu Enable —;—
10nF 5 BTN
o— }—1 Rosst I
| 5
| 6
| 9
(it
12

ELECTRONIC DESIGN Fig. 34-9

This circuit has a rate multiplier using a 4093 Schmitt trigger as an oscillator, driving a 4017 decade
counter. When a pulse present at the input (to C2) 4017 is reset, output zero goes high, and outputs 1to9
go low. The oscillator (4093) starts running and the 4017 counts the pulses until the 4017 output (1 to 9
connected to pin 1 and 2 of the 4093 goes high. The oscillator is inhibited and the output remains high until
the next input pulse.
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35

Games

’Ele sources of the following circuits are contained in the Sources section, which begins on page 667. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Reaction Timer

Electronic Roulette Game
Run-Down Clock/Sound Generator
Wheel of Fortune

Simple Lie Detector

Eiectronic Dice
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REACTION TIMER
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RADIO-ELECTRONICS Fig. 35-1

This circuit uses a timer to generate pulses at a 5-ms clock rate. The pulses are shifted into the shift
register, one at a time, lighting an LED. An auxiliary timer that generates one pulse per second is used to
generate timing to activate the ‘‘go’’ LED and start the 5 ms pulses clocking into the registers. At the GO
signal each player presses his buttons (S3 or S4). The delay (reaction time) is read out on LED 4 to LED
17; after six seconds, the sequence repeats.
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ELECTRONIC ROULETTE GAME
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POPULAR ELECTRONICS Fig. 35-2

R14 is set for an initial ‘‘starting’’ speed of the oscillator U1A and U1B. As C2 charges, oscillation
begins slowing down as C2 discharges, giving a roulette-wheel effect on LED S1 through 10. The LED
that remains on is the winning number.

RUN-DOWN CLOCK/SOUND GENERATOR
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RADIQ-ELECTRONICS Fig. 35-3

Used in electronic roulette or dice games, this circuit produces a clock signal that initially is several

tens of kHz (depending on C2) and gradually decreases to zero in about 15 seconds, as C1 discharges
through R4.
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WHEEL OF FORTUNE
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POPULAR ELECTRONICS Fig. 354

This circuit is a 10-LED spinning wheel that *‘clicks’’ as the wheel passes each point. The rotation
starts fast, then gradually slows down to a random stop (with a click at each position). After the rotation

ceases, the selected LED stays lit for about 10 seconds, then goes out. The cycle restarts by depressing
the pushbutton switch.

SIMPLE LIE DETECTOR

Qz2
23908
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POPULAR ELECTRONICS Fig. 35-5

The variation in skin resistance of the subject is used to vary the frequency of a tone oscillator, The
contact rings are two brass rings, about 3/4" ID.
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ELECTRONIC DICE
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POPULAR ELECTRONICS Fig. 35-6

When S1 is pressed, counter U2 is driven by oscillator ULA/U1B and the count (0 through 6) is read
on DISP1. R1 and C1 determine the count rate, which should be fast enough to ensure a ‘‘random”’
count.
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36

Ground-Fault Hall Detector

’rhe source of the following circuit is contained in the Sources section, which begins on page 667. The
figure number in the box correlates to the entry in the Scurces section.

Ground-Fault Hall Sensor
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GROUND-FAULT HALL SENSOR
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No electrical contact exists between the circuit and the conductor. The 7474 flip-flop is triggered by
the output from the Hall sensor, op amp, and Schmitt trigger. This triggering activates the optocoupler,
turns on the triac, and trips the circuit breaker.
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37

Indicators

The sources of the following circuits are contained in the Sources section, which begins on page 667. The
figure number in the box of each circuit correlates to the entry in the Sources section.

210

Stereo LED VU Meter

Audio Amplifier Volume Indicator
Transistorized Bar-Graph Driver
Visual CW Offset Indicator
ac-Circuit LED Power Indicator
ac/dc Indicator

Balance Indicator

Mains Failure Indicator

On Indicator

Sound Sensor

Transmitter Output Indicator



STEREO LED VU METER
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ELECTRONIC ENGINEERING Fig. 37-1

This circuit provides a cheap alternative to the LM3915 series LED displays. The meter relies on a
square-wave oscillator built around two CMOS analog switches, which alternatively selects the right and
left channels for monitoring and display. The selected signal is amplified by the common-emitter stage T1,
and the output is fed into the string comparators which control the display.

These eight comparators are from two LM324 quad op amps, each is connected to a resistor network,
which has a 3dB step between each comparator. Each comparator has a positive feedback resistor to
increase the hysteresis to provide a longer display, which is switched alternatively at about 10 kHz.

The two CMOS switches in line are biased at half the supply voltage by 1-M® resistors from a 100-k{
divider, which allows them to handle analog signals up to 9 V peak to peak. As the voltage increases above
the setpoint of each comparator, the output goes low and the corresponding LED lights, which produces a
bar of light in response to the input voltage. For a linear response the resistor-network can be replaced by
nine 10-k{} resistors, giving an equal voltage gap before each LED comes on.
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AUDIO AMPLIFIER VOLUME INDICATOR
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ELEKTOR ELECTRONICS Flg. 37-2

The indicator is intended for use with an audio amplifier or preamplifier, but it can also be used in
other applications where a number of steps or changes must be counted rapidly. To prevent interference
with the audio signal, the circuit is a static design. Thus, if the volume control is not adjusted, the circuit
does nothing.

The circuit does not need an external clock signal, because this is derived from any changes in the
least significant bit (LSB). This is done by two differentiating networks: R9/C1 and R10/C2, which double
the frequency of an available LSB signal.

Moreover, to ensure that the counters of the indicator remain in step with the volume control, signals
“up/down’’ and “‘preset’”’ from the preamplifier are used. It might seem rather extravagant to couple the
state of the counters in the preamplifier with that of the present counters, but it is a good way to keep the
connections between the two units to a minimum. Furthermore, the present counters operate in 8-bit
BCD, instead of 6-bit binary as used by those in the volume control (in the preamplifier). All that is
required to display the state of the volume control are a couple of BCD-to-7-segment decoders and
7-segment displays.

The preset in the indicator must be set in BCD code. Leading zeros are not suppressed so numbers
up to and including 9 are displayed, starting with a 0. The DIP switches and resistors R1 through R8 in the
diagram can be omitted if only one fixed preset is likely to be used. The resistors should be replaced by
jump leads.
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TRANSISTORIZED BAR-GRAPH DRIVER
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POPULAR ELECTRONICS Fig. 37-3

A resistor network (R1 through R10) with emitter followers (Q1 and Q2) drives LED drivers (Q3
through Q7). This circuit was used as a ‘‘light organ”’ to provide visual volume indication. It can be hooked
to a speaker, to another audio source, etc.

VISUAL CW OFFSET INDICATOR
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An NEB67 tone decoder, tuned to the transceiver’s CW offset frequency, ensures that the transceiver
will be transmitting on the same frequency as the received CW signal. Simply tune the transceiver so that
the LED lights. Eight to 13 Vdc is required; this can be taken from the transceiver supply or an extra
battery. Audio is taken from the speaker or headphone output.
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ac CIRCUIT LED POWER INDICATOR
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POPULAR ELECTRONICS Fig. 37-5

Many electronic circuits need an indication that they are under power; for most ac circuits, a neon
lamp is the device of choice. A bidirectional tricolor LED can be used if a capacitor is connected in series
with the LED to limit the current through the LED. A 1-uF, 250-WVdc capacitor, which has a reactance of
2 650 ohms at 60 Hz, is used in series with an LED) to limit the current through the unit to 43 mA. The
impedance of the LED is low compared to the reactance of the capacitor, so nearly all the impedance will
be caused by the capacitor with the added advantage of no energy loss caused by the capacitor.

The power of the LED is 1.175 Vx0.043 A=50 mW compared to an NE-2H at 250 mW. For 230 V,
use a 0.47 - uF, 400-WVdc capacitor.

ac/dc INDICATOR
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RADIO-ELECTRONICS Fig. 37-6

By using two switching transistors and two LEDs, this circuit can distinguish low-level ac and dc sig-
nals. If the red LED illuminates, the signal is positive dc. If the yellow LED lights, the signal is negative dc.
If the signat is ac, both LEDs will light.
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BALANCE INDICATOR

*see lext

ELEKTOR ELECTRONICS Fig. 37-7

If your amplifier is fitted with two level controls, it actually offers you a balance control and z level
control. A drawback of this is that it is quite difficult to set the balance properly. This can be obviated,
however, by replacing the two monopotentiometers with stereo versions P1 and P2 in the diagram.

One half of the pair, P1A and P2A, assumes the tagks of the removed components. The other half is
connected in a bridge circuit. The voltage between wipers of the potentiometers is then a measure of the
balance between the two channels. The lower the potential, the better the balance. If you are interested in
knowing the degree of unbalance, connect a center-zero moving coil meter with a bias resistor between A
and B. With this arrangement, zener dicdes D1 and D2 can be omitted: they are necessary only with the
LED indicator shown in the diagram to prevent the input voltage of the op amp from getting too close to
the level of the supply voltage.

The circuit around IC1 is a classical differential amplifier. Resistors R5 and R6 provide a virtual earth
for the LEDs, which is necessary to ensure that, in spite of the asymmetrical supply voltage, a positive and
a negative output is obtained.

Because the LEDs have been included in the feedback loop of the indicator, the circuit is pretty sensi-
tive. At only 40 mV, that is, just 1/so00 of the supply voltage, one of the LEDs begins to light. The maximum
current drawn by the LEDs is determined by the values of R5 and R6.
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MAINS FAILURE INDICATOR
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ELEKTOR ELECTRONICS Fig. 37-8

When the mains voltage is present at the input terminals, the transistor in the optocoupler is on, T1 is
off, and silicon-controlled rectifier Thl is in the conducting state. Because both terminals of the piezoelec-
tric buzzer are then at the same potential, the buzzer is inactive. If the mains voltage drops out, transistor
T1 conducts and causes one of the terminals of the buzzer to be connected to earth; the thyristor remains
in the conducting state. In this situation, a large enough potential difference is across both the buzzer and
D5 to cause these elements to indicate the mains failure—both audibly and visibly.

When the mains is restored, the circuit returns to its original state. A touch on the reset button then
interrupts the current through the SCR so that the thyristor goes into the blocking state, and the other
terminal of the buzzer is connected to ground.

The unit is powered by a 9-V battery and draws a quiescent current of 1.7-2.5 mA. It is important for
the enclosure to be well-insulated.

If by accident the circuit to the optocoupler and R2 is broken, electrolytic capacitor C2 might be dam-
aged because it will be charged well above its 25-V rating. Secondly, where a plug is used for the mains
connection, it is advisable to solder a 1-M§2 resistor across C1 so that this capacitor does not retain its
charge after the plug is removed from the mains socket.

216



ON INDICATOR
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ELEKTOR ELECTRONICS Fig. 37-9

Battery-operated equipment can work on one set of batteries for a long time nowadays. However, if it
is left on inadvertently, that ‘‘long time’’ is over very quickly. Moreover, flat (dead) batteries are always
found at the wrong moment. The circuit proposed here is a sort of aide-memoire. Every two minutes, it
emits 5 to 10 pips to indicate that the equipment is still switched on.

Basically, the circuit consists of three rectangle-wave generators and an inverter. The first of the gen-
erators is formed by N1 and provides a signal with a period of about two minutes and a pulse duration of
around 10 seconds. During those 10 seconds, the second generator starts operating in a one-second
rhythm. Thus, N2 outputs 10 pulses every 2 minutes. That output is inverted so that N4, like N2, can only
be enabled during the 10-second pulse train from N1. The difference is that during those 10 seconds, N4
is enabled and inhibited 10 times; this is what causes the pips.

Do not take the times and number of pulses too literally, because wide variances are between ICs
from different manufacturers. On the other hand, component values are not critical, so it is fairly easy to
adapt the circuit to personal taste or requirements. The buzzer can be a standard Toko type or equivalent.
The current drawn by the circuit is negligible.
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SOUND SENSOR
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Fig. 37-10(b)

By using a microphone, high-gain amplifier (Fig. 37-10(b)), and detector-relay driver (Fig. 37-10(a)) a
sound-detecting alarm system can be constructed. If you want a latching setup, make the dotted connec-

tions to the retay shown in Fig. 37-10(a).

TRANSMITTER OUTPUT INDICATOR
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Relative power can be indicated with this simple circuit. Adjust the 365-pF variable capacitor for

desired lamp brightness.
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Infrared Circuits

’Dle sources of the following circuits are contained in the Sources section, which begins on page 667. The
figure number in the box of each circuit correlates to the entry in the Sources section.

IR Receiver 1

IR Receiver 11

Wireless IR Security System
IR Detector

Infrared Remote Controller
IR-Controlled Soldering Station
Infrared ‘‘People’’ Detector

IR Heat-Controlled Kitchen Fan
Simple IR Transmitter

IR Transmitter

IR Remote Extender

Infrared Remote-Control Tester
Voice-Modulated Pulse FM IR Transmitter
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This receiver is built around a uPC1373 IR remote-control preamplifier, a sensitive 30-to-40 kHz
tuned detector, an automatic gain control, a peak detector, and an output waveshaping buffer. The demod-
ulated signal from the preamp stage is sent to IC4A, a 74C14 Schmitt trigger. The squared-up 1 500-Hz
signal is then sent to the clock input of IC5A, half of a 4013 dual ‘D’ flip-flop. That 750-Hz signal is
clipped to approximately 0.7-V p-p by diodes D3 and D4. The clipped signal is then fed to 1C6, a 567 tone
decoder. The output of that IC goes low whenever the frequency of the signal fed to it is within the lock
range of its mternal VCO.

When IC6 detects a signal of the proper frequency, pin 8 goes low. The output signal is fed through
another Schmitt trigger (IC4B), which drives another ‘D'’ flip-flop, IC5B. Schmitt trigger IC4B also
drives ICAC, which in turn drives LED4, SIGNAL, which lights up whenever a signal is received. The Q
output of IC5B drives two parallel-connected inverters. IC4C and ICAF turn transistor Q2 on when Q goes
low. That transistor energizes the relay; its contacts switch the controlled device on and off.
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Q3 is an IR phototransistor that responds to a modulated IR beam. Q1 amplifies the ac component of
the IR beam. Q2 drives a meter as a relative indication of the strength of the light beam. A strong beam
gives a lower meter reading. Ul is a tone decoder that produces a low output on pin 1 during reception for
an IR beam that is modulated with the correct tone frequency, determined by R6.

221



WIRELESS IR SECURITY SYSTEM
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The iR Tran.smitter

This system contains an IR transmitter, an IR receiver/RF transmitter, and an RF receiver/alert
beeper. Two IR LEDs in the transmitter transmit a pulsed beam of invisible infrared light to the receiver,
which contains an IR phototransistor. The phototransistor detects and amplifies the pulse-modulated IR
beam. If the receiver section senses that the IR beam is momentarily interrupted by an cbject blocking the
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WIRELESS IR SECURITY SYSTEM (Cont.)
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beam’s path, it triggers the transmitter, which out

by a 490-Hz tone.

Upon receiving the 490-Hz amplitude-modulated carrier, the RF receiver/beeper unit sounds an alarm
that alerts the user to the intrusion. The system is not lmited to just one RF transmitter. A single RF
receiver/beeper can be used to monitor any number of RF transmitters (or locations). However, the
receiver/beeper unit cannot discriminate between different transmitter sites in multiple-transmitter systems.

The IR Receiver/RF Transmitter
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puts a 49.890-MHz carrier that is amplitude-modulated
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IR DETECTOR
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Fig. 38-4

Useful for checking TV remote controls, IR-based alarm systems, and IR sources, this circuit causes
LED1 to turn on for two seconds in the presence of IR light pulses. ULA acts as a voltage follower for
detector Q1. C1 and R2 form a differentiating network and U1B acts as an amplifier for the pulses, which
charges C2. Voltage follower U1C samples the voltage on C2 and drives comparator U1D, which switches
LED1 on or off,

INFRARED REMOTE CONTROLLER

i
(4] LEg;} a
1uf f { e BC640
T 3 (R [T wsele
AST Ve ;]3'( ST Ver
6
Hos 4 Wrp—os Ic2 RS Y 470 uF
TLL55S TLC55% 18002 +1EV
R2 ¢ 3 LED? ==
T TR ouT TR OUT A
150K e "
72KP . \‘\
6 5 5 . 2705
P TH Ve ™o VP LED2
Ut XCBE0A
ND NOD
INGt48 G : " G 1 —I )
ot -4 5 —
€2 ON/QFF A
ana7 a3 €4 [ Pt 8 81
WY LAR 0 an 01 —— 33K v .
RADIO-ELECTRONICS P g2 Fig. 38-5

The transmitter is built around two CMOS 555 timer ICs (TLC 555s). The transmitter generates a
modulated 35-kHz IR signal. The 35-kHz carrier frequency is generated by IC2, and the 1 500-Hz modu-
lating signal is generated by IC1. The output of IC2 drives LED1 through resistor R5; that LED provides
visual indication that the transmitter is working. In addition, IC2 drives transistor Q1, which drives the two
infrared LEDs (LED 2 and LED 3).

To provide the high current needed to drive the two IR LEDs, capacitor C6 is precharged, the charge
it contains is dumped when S1 is pressed. When S is not pressed, the power to the ICs is cut off. How-
ever, C6 is kept charged via R8. Then, when S1 is pressed, the current stored in C6 can be used to drive
the LEDs for as much as /2 second. That’s plenty of time for the receiver to pick up a signal.
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IR-CONTROLLED SOLDERING STATION
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POPULAR ELECTRONICS Fig. 38-6

An IR-sensitive phototransistor is used to sense soldering-iron temperature. The phototransistor
must see the tip through an opaque tube to avoid stray light, and the phototransistor should preferably be
fitted with an IR filter. An old photo negative, dark red plastic, or red or black glass can be used. The iron
sits on a holder,

When the iron is removed from the holder, the iron is not being viewed by the detector. The heat will
increase, but the circuit has a lag time; if the iron is returned to its holder after each use, overheating
should not be a problem,

INFRARED ‘‘PEQOPLE” DETECTOR
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IR HEAT-CONTROLLED KITCHEN FAN

+3V I
<
¥ IMEG
N
p R3
> 5K
a 2 6
TiLa1a L
= uz
MOC30F0
1 4 SR
< 18002
2
$1  auto ¥
-— ‘4"\00 & _IF
117VAC OFF
oN
TR1 g Rs
RS2764000 12k
T O
FANT . s
POPULAR ELECTRONICS Fig. 38-8

Q1 senses IR from heat sources, causes Ul to switch, activates optocopuler Ul, and triggers TR1.
This controls a fan. The Triac is from Radio Shack, or else a 200-V, 6-A unit (C106B) can be used.

SIMPLE IR TRANSMITTER
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5‘5&5&% oR T | values will decrease the frequency.
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POPULAR ELECTRONICS Fig. 38-9
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IR TRANSMITTER

i

ARA
¥

il
! 2 3 4 2N3904
b G2 c3
T Aty
c
o | gy 1
M
L | B
L c6
a7
3

POPULAR ELECTRONICS )+ Fig. 38-10

Using an NE567 as a tone oscillator, this circuit produces an IR signal from the LED, which is modu-
lated with a square wave. LED1 is an IR-emitting LED. The modulation helps improve performance under
high ambient light conditions.

IR REMOTE EXTENDER
+8VDC
W PLI
b a1 {PHONO PLUG)
TiLa1s o
SEPSI03* [

50 FEET,
LED?

2
P (FRLED) | ywiN.LEAD
SPEAKER W!RE

J1
{PHOND JACK} 2

+ B

POPULAR ELECTRONICS A Fig. 38-11

This circuit can be used to operate a VCR or CD player from another room. It’s really an infrared
signal repeater. The signal from the remote is received and then retransmitted over wires to an infrared
LED. The beam from the LED is then picked up by the receiving window on the VCR or CD player.

The visible light LED (LED1) in series with the IR unit (LED2) is used to indicate that the transmit-
ted signal has been detected. The 100-kQ) trimmer potentiometer (R1) adjusts the repeater’s sensitivity.
The resistor that is usually found in series with the LEDs is omitted, because the voltage reading is about
1.0 Vdc as a result of the voltage drop across the lines.
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INFRARED REMOTE CONTROL TESTER
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Fig. 38-12

Using a battery, a phototransistor and a visible-
light LED, this simple circuit is a ‘‘go/no go’’ tester
for IR remote control devices. The illumination of
the LED indicates that Q1 is being modulated by IR
energy.
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This circuit has a 741 audio amplifier, which is fed by a microphone (use an amplified type), an FM
modulator, and a CMOS timer that acts as a VCO. The LED is pulsed with the timer output (the booster
circuit can be used for increased range). This yields an FM-modulated, pulsed IR beam.
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39

Instrumentation Amplifiers

’Ele sources of the following circuits are contained in the Sources section, which begins on page 668, The
figure number in the box of each circuit correlates to the entry in the Sources section.

Oscilloscope Preamp

Low-Drift/Low-Noise dc Amplifier
Instrumentation Amplifier

Extended Common-Mode Instrument Amplifier
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OSCILLOSCOPE PREAMP
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In many oscilloscopes, the most sensitive range is 2 to 5 mV, although it is often possible to improve
this to 1 to 2 mV by a variable gain control. To obtain even better sensitivity, the present preamplifier,
which has an amplification of about 10 (20 dB), might be useful.

Because most oscilloscopes have a bandwidth of 20 MHz or more, the amplifier must, of course, have
a slightly wider bandwidth and that is achieved with a Type OP260 op amp. This has a slew rate of 550 V/
us (at an amplification of 10) and a bandwidth of 40 MHz that is virtually independent of the amplification.
The gain vs. frequency response is not so good, however: as can be seen from Fig. 39-1(b), where the
characteristics are given for a number of loads. The hump in the curves depends on the value of the feed-
back resistor, whose optimum value appears to be 2.5 k(2.

The curves in Fig. 39-1(c) accord with different values of R,/ Rg for an amplification factor of 10. Some
experimentation with the value of R,/Rs for different amplification factors can be instructive. Remember,
however, that the output impedance increases from 20 to 225  over the frequency range of 10 MHz to
60 — 70 MHz. It is therefore important to keep all connections on the prototyping board as short as possi-
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OSCILLOSCOPE PREAMP (Cont.)
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ble and to connect all earth points to a common ground via a separate, heavy track. Also, do not use an IC
socket.

An input impedance of 1 M{} was chosen, which resuits in a fairly high level of noise at the output
(with open-circuit input). This value can be reduced, because otherwise the use of a 1:10 probe will be
inhibited; it would give constant problems with the noise. However, when the amplifier is connected to.a
suitable source, the ncise reduction is normally more than ample to obtain a good trace on the screen.
Presets P1 and P2 provide compensation for the dc offset and input offset, caused by R1 and R7 respec-
tively.

The input bias current for the noninverting input is about 10 times lower than that for the inverting
input, which makes the OP260 more suitable for noninverting circuits. The inverting circuit can also give
problems because of the low values of R, (K3) and R (Ry). The input bias current is typically 0.2 pA, and
the input offset is about 3 mV (max. 7 mV).

In this type of circuit, it is important to use a well-regulated power supply. The power-supply suppres-
sion up to 10 kHz is roughly 70 dB, and this reduces with increasing frequency. Any noise or tiny ripple on
the supply lines would make the application of the circuit as a small-signal amplifier impossible.

The circuit draws a current of about 14 mA. The slew rate, as with most op amps, is asymmetric and
might lead to visible distortion of the signal when the drive to the 560-{ resistor is high at the higher fre-
quencies.
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LOW-DRIFT/LOW-NOISE dc AMPLIFIER
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EDN Fig. 39-2

Figure 39-2’s circuit combines a low-noise op amp, IC1, with a chopper-based carrier-modulation
scheme to achieve a low-noise, low-drift dc amplifier whose performance exceeds any currently available
monolithic amplifier. The amplifier’s offset is less than 1 pV, and its drift is less than 0.05 uV/°C. This
circuit has noise within a 10-Hz bandwidth less than 40 nV. The amplifier’s bias current, which is set by
the bipolar input of IC1, is about 25 nA.

The 74C04 inverters (IC3 to IC6) form a simple 2-phase square-wave clock that runs at about 350 Hz.
The complementary oscillator signals (0; and O,) provide drive to S1 and S2, respectively, causing a
chopped version of the input to appear at IC1’s input. IC1 amplifies this ac signal. $3 and S4 synchronously
demodulate IC1's square-wave output. Because S3 and 54 switch synchronously with S1 and 52, the cir-
cuit presents proper amplitude and polarity information to IC2, the dc output amplifier. This output stage
integrates the square wave to provide a dc voltage output. R1 and R2 divide the output and feed it back to
the input chopper where the divided output serves as a zero signal reference. The ratio of R1 and R2 sets
the gain, in this case to 1 000.
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INSTRUMENTATICN AMPLIFIER
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In a smgle difference amplifier configuration, the AM-427 exhibits excellent common-mode rejection
and spot noise voltage so low it is dominated by the resistor Johnson noise. The three-amplifier configura-
tion shown avoids the low input-impedance characteristics of difference amplifiers. Because of the addi-
tional amplifiers used, the spectral noise voltage will increase from a typical of 3 nV/Hz to approximately
4.9 nV/Hz. The overall gain of the circuit is set at 1 000; with balanced source resistors, a CMRR of 100
dB is achieved.
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EXTENDED COMMON-MODE INSTRUMENT
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These circuits allow a larger common-mode range than most instrument amplifier inputs can aflow.
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Intercom

’Bne source of the following circuit is contained in the Sources section, which begins on page 668. The
figure number in the box correlates to the entry in the Sources section.

Two-Wire Intercom
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TWO-WIRE INTERCOM
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The design consists of an amplifier, a double-pole changeover switch and two loudspeakers: one for
the master station and one for the slave. More than one slave unit can be used, but each requires an addi-
tional changeover switch.

The power amplifier is a Type LM384, which can provide almost 2 W output at a supply voltage of 15
V. Pins 3, 4, 5, 10, 11, and 12 are connected to ground and at the same time afford some cooling of the
device. Because of that, the IC should not be fitted in a socket, but be soldered direct to the circuit board.

The LM384 processes signals with respect to earth so that an asymmetric supply is sufficient. The
amplification has been set internally to x 50 (34 dB). The IC's supply line is decoupled by C9.

To ensure adequate input sensitivity, a preamplifier, IC1, is provided, which has an amplification of 11
(21 dB). Because this stage is intended for speech only, its bandwidth is limited to 160 Hz to 10 kHz.
Divider R2/R3 at the input of the op amp is decoupled by C3.

Special loudspeakers that can also serve as microphones are readily available: in the prototype, MS-55
units from Monacor were used, but a nurnber of other makes will do just as well. The bandwidth of the
MS-55 (used as loudspeaker) extends from 150 Hz to 20 kHz and (used as a microphone) from 20 Hz to 20
~ kHz. The MS-55 can handle up to 5-W output. To ensure satisfactory operation, particularly as a micro-
phone, the loudspeaker must be fitted in a closed box.

Although it is advantageous for the ‘‘microphone’” to have a low internal resistance, it is necessary for
a transformer to be used at the input of the circuit. This has, however, the advantage that long cables can
be used. The present circuit uses a standard mains transformer instead of a special microphone trans-
former. For this purpose, the secondary (6 V) winding is connected to the ‘‘microphone.”” The micro-
phone impedance is thereby magnified from about 8  to around 10 kQ. The power handling of the
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TWO-WIRE INTERCOM (Cont.)

transformer is quite high to ensure that signal losses in the primary winding are kept at a minimum. Capac-
itor C1 suppresses HF interference.

If the mains transformer and the ‘‘microphone transformer’’ are housed in the same enclosure, some
trial and error and screening are necessary to eliminate hum. The *‘microphone transformer’” itself might
cause hum in the remainder of the circuit. In that case, the preamp stage must also be screened.

In the prototype, the speech bandwidth was limited from 400 Hz to 4 kHz and this proved perfectly
acceptable for good speech transfer. Most of the current drawn by the circuit flows through the power
amplifier. At worst, this is 210 mA (680 mA peak), when the amplifier delivers 1.8-W output. The LM384
can deliver a power of up to 5 W. The supply voltage should then be raised to 22 V and a heatsink for the
device will be necessary.
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Interface Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 668. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Versatile One-Shot CPU Interface
Keyboard Matrix Interface _
Low-Level Power FET Driver Method
Logic-Level Translators
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VERSATILE ONE-SHOT CPU INTERFACE
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ELECTRONIC DESIGN Fig. 41-1

Process-control applications often require a monostable multivibrator (one-shot) with a pulse width
that can be selected on-the-fly.

This circuit uses two CD4051B analog multiplexers to select the required timing components for the
multivibrator, and hence, the puise width. The multiplexers’ address input comes from an 8-bit latch. Bit
D6 tells the multivibrator whether to trigger on the leading or trailing edge of the trigger input. Bit D7
determines whether the multivibrator should be in a retriggerable or nonretriggerable mode.
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KEYBOARD MATRIX INTERFACE
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ELEKTOR ELECTRONICS Fig. 41-2

Keyboards can be slotted into two categories, at least as far as the manner that the switches are con-
nected is concerned: those with a common connection and those with the switches arranged in a matrix.

The matrix type has the important advantage that the number of connections is an absolute minimum.
Such an arrangement is ideal for ICs; many of these are designed for use with a matrix keyboard.

However, many keyboards are available in job lots, for instance, that apart from a common connection
also have a connector for each key. Such keyboards can be connected to ICs that require a matrix type
with the aid of a number of electronic switches.

The principle is straightforward: each key of the keyhoard controls an electronic switch that is included in
a matrix. As an example, the diagram shows a hexadecimal keyboard that is arranged in a 4- x -4 matrix. Each
of the electromic switches is held in the open position by a pull-down resistor.

The current drawn by the circuit is very small and is determined mainly by the value of the puli-down
resistors and the number of keys being pressed. The CMOS switches draw virtually no current.
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LOW-LEVEL POWER FET DRIVER METHOD
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This circuit operates from a 16- to 50-V supply. Adding the buffer circuit (within the dashed lines)
offers 100-ns switching times. Otherwise, the circuit switches in 1 ps.

Q1 and R1 form a switched current source of about 12 mA. The current flows through R2, which
supplies 12 V to the FET. The circuit works well over a wide range of supply voltages. Furthermore, it
switches smoothly in the presence of large ripple and noise on the supply. The switching time (about 1 us)
can be reduced considerably by lowering the values of R, and K, at the expense of higher power dissipa-
tions in the resistors and Q1. Alternatively, a buffer circuit can be added to produce switching times of 100
ns without generating significant power dissipation.
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LOGIC-LEVEL TRANSLATORS.

5.0V vee Q +5V to 415V

O + 1/4
- HA-4900
' -
I
* i
i
TTL TO CMOS CMOS TO TTL
HARRIS Fig. 41-4

The HA-4900 series comparators can be used as versatile logic interface devices, as shown in these
circuits. Negative logic devices can also be interfaced with appropriate supply connections. If separate
supplies are used for V- and Viggic—, these logic-level translators will tolerate several volts of ground-
line differential noise.
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42
Keying Circuits

r.Bae sources of the following circuits are contained in the Sources section, which begins on page 668. The
figure number in the box of each circuit correlates to the entry in the Sources section.

CW Keyer

Transmitter Negative Key Line Keyer
Frequency Shift Keyer
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CW KEYER
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73 AMATEUR RADIO Fig. 42-1

This electronic keyer uses four ICs (five, if the optional sidetone oscillator is desired) and operates
from dc sources of 9 to 15 V. A 2N2222 is used as a keying transistor. If isolators or more power handling
ability is desired, a 6-V relay can be keyed with the 2N2222 and the relay in turn can be used to key the
transmitter,

TRANSMITTER NEGATIVE KEY LINE KEYER

+5V

470 @
4.7 k[

NTE288

to U1 % {See text)

pin 17
In CMOS Kay lina
Super 2N2222 ta T
Keysr I 0.001 uF
S00 v ‘
asT Fig. 42-2

Using an NTE288 (or ECG288, GE223, or SK3434), this circuit can key a negative line up to -300V
maximum. Do not use this circuit to key a vacuum-tube amplifier that draws grid current because the key-
ing transistor might be damaged under these conditions.
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FREQUENCY SHIFT KEYER

Voot
CHA {5)
5O N OUTPUT
INPUT i6)
CHB - (3
soq (4) 50-2 LOAD
1k (USED FOR SPECTRUM
= -~ ANALYZER ONLY)
Vee— GATE =
CHANNEL SELECT l I I I
TEXAS INSTRUMENTS Fig. 42-3

Apply a signal to each differential amplifier input pair. When the gate voltage is changed from one
extreme to the other, the output can be switched alternately between the two input signals. When the gate
level is high (1.5 V), a signal applied between pins 5 and 6 (channel A) will be passed and a signal applied
between pins 3 and 4 (channel B) will be suppressed. In this manner, a binary-to-frequency conversion is
obtained that is directly related to the binary sequence, which is driving the gate input (pin 2).
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43
Light-Control Circuits

’Ele sources of the following circuits are contained in the Sources section, which begins on page 668. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Three-Way Touch Lamp

Light Dimmer/Speed Control
Four-Quadrant Dimmer

Light Dimmer

Automatic Emergency Lighting Unit
Lights-On Sensor

Light Chaser I

3-Way Light Control

Light Chaser II

Light Controller

“‘Automatic’’ Light Bulb Changer
Inductive Load Triac Switch
Christmas Light Driver

SCR Capacitor Turn-Off Circuit
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THREE-WAY TOUCH LAMP

+3Y e —— + G———:L +?V
R1 7 B c2 e 18 nz R2
TOUCH 51K 100 1 2 18914 238052
PLATE 8 3 15
U1 uz 03 R3
4 555 (o) a7 . N 238202
¢l 01 | 0SCTIMER DECODE  |——— P ———A——¢
27 TNAOH COUNTER/
DIVIDER D4 R4
? 1N914 1K
1 4] 13 ! ol AAA
»r ey
1»——* A = U3
= RS MOC3010-3
” 18052 5 1
100 WATT TR1 /
$01 BA 'Y
mmc:l )—————— - 400 PV s 7 N
POPULAR ELECTHONICS Fig. 43-1

A three-way switch to control a lamp (off-dim-bright, etc.) uses an NE555 timer to generate a one-
second pulse, triggered by ambient ac fields that are picked up by the human body. C1 and D1 form an
input network. U2 is a decode counter/divider and drives one of 10 outputs (three are used). The logic
outputs drive various resistors in series with the LED in the optocoupler. The optocoupler controls a triac
that is in series with a load (lamp, etc.).

By reconfiguring the outputs of U2, more than three brightness levels can be obtained, up to 10. An
INS14 and resistor will be required for each output.

LIGHT DIMMER/SPEED CONTROL
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[
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q wecd fid W =4
10K e .
&> AAA &

- C1 c2

L1
T 7 047 50uH
. st

NEUTRAL

o
~
Yy

301
GROYUND

POPULAR ELECTRONICS/HANDS-ON ELECTRONICS Fig. 43-2

A phase-controlled triac (HT-32) circuit provides control of effective voltage at load. Do not omit L1
and C4 because they are for RFI suppression. The maximum load is about 500 W, WARNING: 120 Vac is
present on this circuit—provide adequate insulation and construction techniques.
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FOUR-QUADRANT DIMMER

D1..010 = 1N4D34

N o=
v ]» t\'\_____
91! D& D& D4/ P55 -1] Dy [ 2] DQ! Do) |
ﬂsﬂ‘é HSR‘E IT@IIE

D11...D014 = 1N5404

©
cr
£ =
150n
830y
Fl I-‘I_ 1 2
3AT OGdpH/SA
Switch position Brightness
Group A Group B
1 0 0
2 1/3 0
3 2/3 0
4 1 0
5 1 1/3
6 1 2/3
7 1 1
8 2/3 1
9 1/3 1
10 0 1
11 0 2/3
12 0 1/3
ELEKTOR ELECTRONICS Fig. 34-3



FOUR-QUADRANT DIMMER (Cont.)

This very special mains-operated dimmer for domestic or industrial lights is not available in proprie-
tary form: it enables brightness control of two groups of lights in one operation. The possible combinations
of brightness are shown in the table. It will be clear that it is not possible to obtain continuous brightness
control in the two groups. Instead, the circuit affords the setting of four states of brightness in either
group: full on, fully dimmed, /3 on, and 2/3 on.

Both sections of the circuit operate on the well-known principle of the triac being switched from the
blocking state to the conducting state with the aid of an RC network and a diode. The RC network provides
the necessary phase shift and determines when the triac is switched, The rotary switch selects the resis-
tor in a given network, and thus the brightness of the relevant group of lights. No resistor means that the
group is off; a short-circuit gives maximum brightness, and resistors of 10 k2 and 18 k2 produce interme-
diate brightness. The diodes prevent the groups from affecting cne another.

The 64-pH choke (L1) and the 150 nF capacitor across the bridge rectifier prevent the dimmer caus-
ing interference in other equipment connected to the mains.

If the triacs are fitted on a heatsink that is rated at 12° K/W, up to 500 W per group can be controlled.
It is, of course, essential that the enclosure in which the dimmer is fitted provides ample cooling. A fair
number of slots or holes in it are, therefore, essential; these should not permit the circuit elements to be
touched.

The switch should have a nonmetallic spindle: this is not only safer than a metallic one, but it also
enables the easy removal of the end-notch so that the switch can be rotated continuously, instead of having
to be returned to the first stop every time it is operated.

The mains on/off switch S2 should be fitted with a built-in ON indicator bulb, which shows at a glance
whether the circuit is on, even though S1 might be in the OFF position. Finally, remember that this circuit
carries mains voltage in many places: good workmanship and insulation are, therefore, of the utmost
importance,

LIGHT DIMMER

b1

_Q/'o 184003

11*

L1 § SEE TEXT
17VAC shaT
POPULAR ELECTRONICS Fig. 43-4

Lamp I1 is a household lamp. When the switch is in the center position, the lamp is operated on half-
wave rectified ac; the effective voltage the lamp sees is less, which dims it. I1 can be alamp up to 200 W or
50 rated at 120 or 240 V, and D1 should be a 200-V PIV or better diode (400 PIV for 240-V operation).
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AUTOMATIC EMERGENCY LIGHTING UNIT

L& D2
w 1N4001
51
T
o+
scise T 2% 1Y
BC143 —p— ‘
R21S Lat
- :
470u
w0y
ELEKTOR ELECTRONICS Fig. 43-5

This unit uses a Nicad battery to provide power to an emergency lighting setup. When power fails, T1
becomes forward biased, which lights L1 and L2. The batteries are normally kept charged. When power is
on, T1 is cut off and it keeps the lamps extinguished.

LIGHTS-ON SENSOR
T
NE-2 ey
||§ POWER
SUPPLY
e Rt
QUTSIDE R4 4 (1 R L
LIGHTS "7 F2.2¢ 13 T 3
! 10
+9v £ R5 1
$uok| Qoz $ne
556 $ 5K
RIS DUAL §1 3
S0k 2| osc/TIMERES A6
B 12] 160K
g 7
e 1 RY o
33 0 27082 = ¢
‘ .
SPKR1
POPULAR ELECTRONICS Fig. 43-6

Remote monitoring of a light source is possible with this circuit. Photocell R3 activates Q1 and relay
K1. Ul is a tone generator that drives a small speaker.
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LIGHT CHASER |
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@& @ & & ®

at
2N2222

POPULAR ELECTRONICS Fig. 43-7

Up to 100 lights, LEDs, or optocoupler triac circuits can be sequentially activated by this circuit. One
(U1) 4017 decode counter sequences 10 LEDs whose common anode is returned through a second (U2)
CD4017, which counts at one-tenth of the rate. The flash rate is controlled by U3, a clock circuit, with a

555 timer.

3-WAY LIGHT CONTROL

SOURCE I
117 VAL

PARALLEL-CONNECTED
25-WATT LAMPS

L o]

53 ! et
SOURCE
oeov ! i I
' | WVAC  rig. 43-8

POPULAR ELECTRONICS o—

This hookup is useful in some house wiring situations, where only two wires are available between
switches, rather than the usual 3-way setup where 3 wires are required. S1 and S2 are ordinary three-way
switches and 53, a DPDT switch, is commonly available as a four-way switch at hardware stores.
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LIGHT CHASER Il
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POPULAR ELECTRONICS Fig. 43-9

Up to six lights can be sequentially flashed using this circuit. LED1 through LED6 can be replaced hy
optocouplers (MOC3010, etc.) to control 120-Vac loads via triacs. Ul generates pulses that clock the shift
register mode up of the six D flip-flops in the CD 40174. By S1A - B, the register can be programmed either
ON or OFF {low or high) and then switched to run in the programmed sequence. S2 clears the program.

LIGHT CONTROLLER
U2
12 MOC3010 RE
R . 4 22082
Y V‘Y“' FYY Y &
$R3 RE
FiK v, . \3L 22001 L AN
3 5 Ut Z 2 6
1’ }
A $ JR4 4
R1 qb A 339 = i1
10K € Vaer B2 0 117V AC @
R2=R1 = =2
POPULAR ELECTRONICS Fig. 43-10

A photocell drives U1, a comparator, which controls optocoupler U2. A 6A Triac is used to switch an
ac load, such as a lamp, etc.
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“"AUTOMATIC”’ LIGHT BULB CHANGER

TIC226M

O

MT1

®© MT2
ELEKTOR ELECTRONICS Fig. 43-11

The circuit presented here guarantees that if bulb Lal ““gives up the ghost,”” bulb La2 will take over
its task. In series with Lal is triac Tri2. Resistor R3 and C2 form a delay network. As soon as the voltage
across C2 rises above about 30 V, diac (gateless triac) D2 is switched on, which causes Tri2 to conduct so
that Lal Lights.

The control circuit of La2 is parallel to that of Lal, but because R2/C1 has twice the delay of R3/C2,
Tril will not be triggered when Tri2 conducts; C1 discharges so that Tril cannot be triggered.

When, however, Lal is open-circuited, a voltage is across both RC networks via La2 and R1. Again,
Tri2 will be triggered first, but because the current is smaller than its holding current, it will cease to
conduct almost immediately. Capacitor C1 will then continue to charge and after a little while Tril is

switched on.
Because the time constant for La2 is somewhat longer than that for Lal, La2 will always be slightly

less bright than Lal. It is, of course, possible to give La2 a slightly higher wattage than Lal to ensure
equal brightness.

Without heatsinks, the triacs can handle up to 100 W each; with heatsinks, powers of up to 1 000 W
can be accommodated. It is not recommended to use bulbs with a wattage below 25 W, because these can
flicker. ' .

The triacs can be any type that can handle at least 400 V at no less than 5 A. The M types used in the
prototype can handle 600 V at 5 A.

INDUCTIVE LOAD TRIAC SWITCH
g
OUTPUT _MOCH0 gt gak  ioaD
O—AAA—
Rz |
580 2 “
IR
=

POPULAR ELECTRONICS Fig. 43-12

An additional resistor and capacitor enable control of an inductive load, such as a small blower motor,
fluorescent lamp, etc.
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CHRISTMAS LIGHT DRIVER

U1

R2 R1
FROM 68002 MOCIOT . 2200
4017 O——WA— TO STRING
ouTRUT OF LIGHTS
TR [Z

) a3 ] T0 AC

T L of power
POPULAR ELECTRONICS Fig. 43-13

This circuit will enable a CMOS logic chip, such as a 4017 decode driver, to control a string of Christ-
mas lights or other lighting. The triac should be rated at 200 V and 3 A or higher. The 4017 should be
powered from at least 10 V to ensure adequate drive to the optoisolator.

SCR CAPACITOR TURN-OFF CIRCUIT

AADIO-ELECTRONICS Fig. 43-14

After the SCR turns on, C1 charges up to almost the full supply voltage via R3 and the anode of the
SCR. When S2 is subsequently closed, it clamps the positive end of C1 to ground, and the charge on C1
forces the anode of the SCR to swing negative momentarily, thereby reverse-biasing the SCR and causing
it to turn off. The capacitor's charge bleeds away rapidly, but it has to hold the SCR’s anode negative for
only a few ps to ensure turn-off. C1 must be a nonpolarized type.
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Limiter
-

’Ele sources of the foliowing circuits are contained in the Sources section, which begins on page 668. The
figure number in the box of each circuit correlates to the entry in the Sources section,

Adjustable Voltage Limiter
One-Zener Precise Limiter

255



ADJUSTABLE VOLTAGE LIMITER

¥+ |
2N5088
Vlnwer
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Rg 3
Output Dutput
R :
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N5086 HD 4
V- © V- «
ELECTRONIC DESIGN Fig. 44-1

This bipolar voltage clipper can be built with two transistors, two resistors, and two potentiometers.
Notice that the maximum p-p range must be = BV, of the transistors used. The design equaticns are:

L (V.=V.) R+Ry)
Vupper—vf'i' (R1+R2+R3 ) +Vbs(Q2)

VO ®)
Viewer =V -+ m— Vie(€h)
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ONE-ZENER PRECISE LIMITER
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ELECTRONIC DESIGN Fig. 44-2

A limiter circuit that requires matched zener diodes can instead use one zener with a full-wave diode
bridge. The circuit’s two limits are nearly equal when determined by the same zener—only two pairs of
forward diodes need to be matched. For best results, an integrated quad of diodes can be used. But, after
testing the circuit, four single controlled-drop diodes and four ordinary diodes gave about the same accu-
racy (better than 0.5%).

Because the limiting level can be adjusted, zener tolerance can be adjusted out. Gain stability can be
optimized by connecting the inverting input to the first op amp to the output of the second to make the
circuit inherently unity-gain.

The zener voltage must be increased to 8.2 V to compensate for the two diode drops. Placing small
capacitors across the resistors in the loop stabilized the circuit adequately and response is orders of magni-
tude faster than conventional circuits. Moreover, it’s limited primarily by the op amp’s slew rate.
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Mathematical Circuits

The sources of the following circuits are contained in the Sources section, which begins on page 668. The
figure number in the box of each circuit correlates to the entry in the Sources section.

Fast Binary Adding Circuits

Programmable Slope Integrator
Multiplying Precise Commutating Amp
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PROGRAMMABLE SLOPE INTEGRATOR
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Fig. 45-1

By using analog switch IH5009/IH5010 to select various capacitors, a variable slope integrator can be
had. If C3=2(C,) and C,=4(Cy), seven different slopes can be obtained if binary information is fed to pins

1, 7, and 8 of the analog switch.
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FAST BINARY ADDING CIRCUITS
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ELECTRONIC ENGINEERING Fig. 45-2(c)
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FAST BINARY ADDING CIRCUITS (Cont.)

Some circuits that add binary numbers have problems with time delay caused by carry propagation.
This has been partially solved by the carry look-ahead adder. However, because of the complexity of this
scheme, the carry look-ahead logic usually covers no more than 4 bits, and a ripple carry is implemented
between the carry look-ahead blocks.

The Daniels Adder avoids these problems by presenting a scheme where carry bits are not used at all
in the process of binary addition. It is based on recognition patterns, which exist with the binary addition
truth table.

The addition is described by the following two sets of equations:

ity 1=Ja-1  @u=in1
foy1=fs1  @Gu=qu1
if 1, =7, kn=4n
if 2, =7, Ren =gy

with the boundary condition that g_, =0, where i,, j,, and &, are the bit of binary weight 2* (' bit) of the
addend, summand, and sum respectively, ¢, is an intermediate variable and g, is the inverse of g,.

The value of the sum is (depending upon 4, and 7,) either the same as or the inverse of {depending
upon i, and f, ; a0, al, or the inverse of the (#—1)® bit of the sum. Figure 45-1(a) shows the logic
diagram of the ripple through implementation of the adder,

Because each stage calculates whether its value of the intermediate variable g, is the same as the
previous stage’s value (g,—1) in parallel, it is possible to devise 