Triangle Generator
R.l. Harrison

The circuit consists of a comparator
IC2 driving an integrator con-
structed from IC1, C1 and R1. The
output of the two circuits is controi-
led by the JFET switches Q1 and 2.
The peak and trough of the genera-
tor is controlled by RV1 and RV2
respectively. The frequency is set by
C1and R1.

NOTE:
IC1 741
1C2 741
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Ramp generator has separate
slope and frequency controls

by Henrique Sarmento Malvar
Department of Electrical Engineering, University of Brazilia, Brazil

[solating with four analog switches the frequency-deter-
mining portion of the circuit from that controlling the
charging and discharging of its RC integrator, this ramp
generator achieves independent selection of slope ratio
and repetition rate. Such a unit is useful in a music
synthesizer, where timbre must be changed without
affecting a note’s fundamental frequency.

Analog gates T, and T, are initially switched on, and
therefore V. is applied via operational amplifier A; to
the integrator built around A; (see figure). Thus, — V.

=S ——r———r —— =

appears at the inverting input of A,, and its positive-
going output reaches voltage Vy in T, 2vyC
(Ri+R,)/V,seconds, where Viy = VRs/Rs.

At this time, A, switches on and A, goes off. T, and T,
are thus disabled, and T; and T, are brought high so that
+ V. is applied to the integrator. The output at A, thus

falls linearly toward —Vy, where time T, =
2VuC(R3+Ry)/V..
The frequency of the ramp is given by:
f=1/(T\+T2)

= Re¢Ve/[2CR;sVe (R + Ry +R3+Ry)] = kV.

where k is a constant (in the approximate range of |
kHz/v) that can be adjusted with potentiometer P,.
Because R, + R is a constant, it is seen that an adjust-
ment in potentiometer P, will affect the slope ratio, but
not the frequency. With the values shown, the slope ratio
can be selected from 1711 to 11. The slope ratio is given
by T|/T2 = (R] + Rz)/(R3+ R4)
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Separation. Transmission gates T,~T. separate the portion of the ramp generator that determines the frequency from the circuitry that sets
the charge and discharge times of its integrator, so that the up/down slope ratio and frequency can be independently selected. The

inexpensive circuit, which costs less than $10 and works in the audio range, is a useful timbre control in music synthesizers,
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Timer generates sawtooth
with switchable symmetry

by Roberto Tovar-Medina
Institute of Applied Mathematics, University of Mexico

With some inexpensive components, a 555 timer operat-
ing in the astable mode forms a circuit that generates
triangular waves of selectable symmetry. The cost of the
unit is below $6.

The triangular waves are generated by charging a
capacitor with a constant current, I, and discharging the
capacitor through a current mirror that sinks I. The
symmetry is controlled by selecting the rate at which the
capacitor is charged and discharged.

When capacitor C is virtually discharged and the
switch, S, is at position 1 as shown, pin 7 of the 555 (the
discharge port) is high, and Q; and Q. are off. Thus the
capacitor is charged at a rate of It/C, where t is time,
until the voltage at pin 6 (threshold port) of the 555

exceeds two thirds of the supply voltage, V...

Pin 7 then moves low, Q; and Q, turn on, diode D,
becomes back-biased, and C discharges through Q,, Q,,
and Q; at a rate of It/C. When the voltage at pin 6 falls
below a third of the supply voltage, pin 7 moves high
again and the process repeats at a frequency given by f
= 31/2CV.. At low frequencies (below 1 kilohertz), D,
may be omitted, because C can charge through the
base-collector junction of Q;. At high frequencies, Dy
must be included to avoid the discontinuities in the
triangular waveform that are caused by switching.

A fast charge time is attained if the output of the 555
(pin 3) is connected to pin 6 through diode D,. This
connection is achieved by placing S in position 2. The
discharge time is the same as before. Connecting the
discharge port directly to the threshold pin yields a
normal charge time and a fast discharge time. S must be
placed in position 3 to achieve this symmetry. In either
case, the operating frequency is exactly twice what it
was previously, or f = 31/CV...

Given the component values shown, the circuit oscil-
lates at about 1 kHz. It can be made to work at frequen-
cies up to 30 kHz, however. O
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Adjusting slope. Circuit built with 555, constant-current source, and current mirror generates triangle-type waves whose symmetry is
selectable. Frequency is controlled by magnitude of |, which is adjusted with potentiometer. Three-position switch determines rate at which C
is charged or discharged, so generator can produce standard or fast-rising sawtooth waves or waves that are truly triangular.
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Timer IC stabilizes
sawtooth generator

by Frank N. Cicchiello

Geometric Data Corp., Wayne, Pa.

Electronics/March 18, 1976

A temperature-independent audio-frequency sawtooth
generator that uses a 555 integrated-circuit time is
shown on page 109. Its sawtooth output maintains line-
arity within 1%, and its output is available from a low-
impedance source that is fully buffered from the timing
circuitry.

The circuit is superior to the more conventional ap-
proach that develops a linear sawtooth by adding a con-

107



stant-current pump to charge the sawtooth-forming ca-
pacitor. Since Vgg of the constant-current transistor
changes with temperature in a conventional circuit, a
corresponding change in its current would cause a vari-
ation in frequency of the output sawtooth. No such
change occurs in this 555 circuit.

Connecting pin 2 to pin 6 (trigger and threshold in- -

puts respectively) of the 555 causes it to trigger itself
and free-run as an astable multivibrator. Consider the
circuit action after the IC’s internal discharge transistor
(pin 7), having dumped the charge on the sawtooth-
forming capacitor C; via Rg, has become an open circuit
and allows Cy to recharge.

C; begins to charge through Ry, Ra, and Rs toward
the supply voltage V¢c. For all practical purposes, the
change in voltage at the junction of R; and Rs is equal
to that at the top side of C;. This voltage change is ap-
plied to the base of a Darlington-type emitter follower,
Q;. Since Q has virtually unity gain, it couples this
same change in voltage back to the top side of Ry. As a
result, the voltage across Ro remains essentially constant
during C,’s charging cycle and so produces the same ef-
fect (linear-ramping) as a constant-current source feed-
ing C;.

Once the linear sawtooth signal at pin 6 reaches a
value of % v, the IC’s internal comparator resets its flip-

flops. The reset again activates the discharge transistor
(pin 7), causing C; to dump through Rs; this action
causes a new trigger wave to be applied to pin 2, thus
repeating the circuit operational cycle.

Resistor Rs is required to slow down the negative-dis-
charge slope of the sawtooth wave form. Resistor R4 is a
parasite suppression resistor for Q;. Cz is a bypass ca-
pacitor on the voltage-control (pin 5) input of the IC,
which is unused in this circuit.

The component and frequency relationships can be
simply stated and easily implemented:

Ri=R;

Ry is equal to or greater than 10 Rs
R3C\ is equal to or greater than 5 X 108 s
Ry = 1 kilohm

Ry is equal to or greater than 100 ohms
R, C2 is greater than 10 R2Cy
f=1/Ci{0.75(R1+ R3) + 0.693 R3]

As in the conventional exponential sawtooth gener-
ator circuit, the output frequency is independent of
variations in supply voltage. Typical performance data
is shown in the table. O

Designer's casebock is a regular feature in Electronics. We invite readers to submit original
and unpublished circuit ideas and solutions to design problems. Explain briefly but thor-
oughly the circuit's operating principle and purpose. We'll pay $50 for each item published.

+5V
R, C,
33uF
=
N
v (TANTALUM)
k. 5V
4 Ra 0y v
v 2 . MPS-A13 33
i _ 7
t L 0
DIGITAL  —— {3 555 - t
OUTPUT TIMER - %ﬁﬂggm
{IF REQUIRED) \ 6
3 2
. Rs < 1k
— l ¢,
Ca3
I 0.01uF
FREQUENCY
Ra R; & R, c
: Computed | Measured
+5% TOLERANCE ON ALL COMPONENTS
54.2 kHz 50 kHz 5.1 k2 10k | 1,000 pF
665 Hz 667 Hz 510 100 k2 0.01 uF
’ 6.7 Hz 6.9 Hz . 51 Q 1MQ 0.1 uF

Linear, buffered, and stable. Sawtooth voltage generator, developed for CRT sweep deflection, uses 555 astable multivibrator. Emitter-fol-
lower arrangement of the transistor maintains charging current to C, constant for linear ramps and provides buffered low-impedance output.
Temperature-induced changes of Vgg do not affect frequency. Table shows typical frequency characteristics; supply voltage can be raised
for greater output without changing frequency. In addition to the sawtooth wave form, a digital output is also available from 555 as shown;
this signal may be useful for triggering a scope, for example, but it is not necessary for generating the sawtooth.
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Fill in coupon for a FREE One Year Sub-
unphon to OLSON ELECTRONICS’ Fantas-
tic Valve Packed Catalog ~ Unheard of
LOW, LOW PRICES on Brand Name
Speakers, Changers, Tubes, Tools, Stereo
Amps, Tuners, CB, Hi-Fi's, and thousunds
of other Electronic Values. Credit plan
available.

NAME
ADDRESS
City STATE
GIVE ZIP CODE

If you have a friend interested in electronics
send his name and address for a FREE sub-
scription also,

OLSON ELECTRONICS

¢|RCLE_N0. 27 ON READER SERVICE CARD

M. A. D.

MUSIC ASSOCIATED'S DETECTOR
NO COMMERCIALS-NO INTERRUPT!ONS

It's ug' Just plua Mu.uc Assocmod's Sub

Carrier Detector into multiplex jack of your FM
tuner or easily wire into discriminator. Tune
through your FM dial and hear programs of con-
tinuous commercial- free music you are now
missing. The Detector, self-powered and with
electronic mute for quieting between selections,
permits reception of popular background music
programs no longsr sent by wire but transmitted
as hidden programs on the FM broadcast band
from coast to coast. Use with any FM tuner.
Size: 514" x 9”. Shipping weight approx. 7 Ibs.

KIT $4950

{with pre-tuned coils, ne alignment necessary)

wirep $7500
COVER $4.95 EXTRA

Current List of FM Broadcast Statlons with §CA
authorization $1.00

MUSIC ASSOCIATED

&5 Glenwood Road, Upper Montclair, N.J, 07043
Phone: {201).744-3387
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_DUAL-RATE

SAWTOOTH

GENERATOR

By FRANK H. TOOKER

This UJT multvibrator generates two sawtooth
signals whose rates can be varied independently.

ID you know a unijunction saw-
tooth-waveform generator, such as

the one shown in Fig. 1, can be made
to generate waveforms of two differ-
ent repetition rates alternately, as illus-
trated in the diagram of Fig. 2? In this
circuit, Q1 fires first, producing a cycle
of one frequency; then Q2 fires and
produces a cycle at another frequency.
The two repetition rates are inde-
pendent, and determined by the effec-
tive RC values in the emitter circuit
of each UJT. As far as the repetition
rates are concerned, capacitors C1 and
C2 operate as a single capacitor having

a value equal to the two tied in series.-

In this demonstration circuit, repeti-

‘tion rates are determined by the set-

ting of potentiometer R3. Therefore,
when the resistances in the emitter cir-
cuits of Q1 and Q2 are equal, the repe-
tition rates will be equal. However, if
the potentiometer is adjusted so that
one UJT has a lower emitter resis-
tance than the other, the circuit with
the lower resistance will fire more rapid-
ly. And of course, with R3 connected as
shown, increasing the repetition rate of
one UJT decreases the rate of the other.
But if two potentiometers are used—
one in the emitter circuit of each, the
rates are independently adjusted.

As long as the value of C2 is equal to
the value of CI, the amplitude of the
output signal at the two repetition rates
will be very nearly equal (Fig. 2A).
However, if one capacitor is smaller
than the other, the output signal ampli-
tude coming from that side of the cir-

Fig. 1. Dual UJT multivibrator
has low-impedance FET output,

+9vi
RI§ M

4.7k l 4.7k

cuit will be lower and the output wave-
form is similar to that shown in Fig. 2B,
(assuming C2 is smaller than C1 and
Q2 has the higher repetition rate). The
maximum practical ratio of the two
capacitors (C2 to C1) is about 5:1.
Beyond this point, the output wave-
form begins to resemble that shown in
Fig. 2C.

The output signal is actually avail-
able at the junction of capacitors C1
and C2, but because this must be con-
sidered a relatively high impedance
point, the signal is fed to an FET
source-follower, 3, where a much low-
er impedance is available at the source
electrode. Resistor R4 is not part of the
dual-rate sawtooth generator proper. It
is Q3’s gate-return resistor. Signals of
rectangular waveform are available at
base-2 of each of the two UJT’s. The
mark-to-space ratio of these signals de-
pends on the ratio of the resistances in
the emitter circuits.

A circuit producing the waveform
shown in Fig. 2A may be used as a dual-
rate horizontal sweep oscillator in an
oscilloscope. In this event, the rectangu-
lar waveforms at base-2 of each of the
UJT’s may be used to operate electronic
switches which, in turn, would apply
the two signals being observed, alter-
nately, to the scope’s vertical amplifier.

The circuit may also be used as a
novel tone generator for an electronic
organ. In this case, the emitter resistor
in one of the two unijunction transis-
tors is selected to produce the lower or
fundamental frequency; the other UJT
would have a potentiometer in its emit-
ter circuit which could be adjusted to
produce either the fundamental, or any
harmonic frequency desired. A

Fig. 2. {A) Waveforms when C1 equals C2
{Fig. 1). In (B) C2 is smaller than C1. (C)
Capacitance ratio is greater than 5 to 1.
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Scott’s new LR-88 receiver takes the

ey

out of kit building

Ladies and children needn’t leave the room when you build Scott's new LR-88

AM/FM stereo receiver kit. Full-color, full-size assembly drawings guide
you through every stage . . . wires are color-coded, pre-cut, pre-stripped , . .
and critical sections are completely wired and tested at the factory.

In about 30 goof-proof hours, you'll have completed one great receiver,
The LR-88 includes FET front end, Integrated Circuit IF strip, and all the
goodies that would cost you over a hundred dollars more if Scott did

all the assembling.

Performance? Just check the specs below . , . and write to Scott for your
copy of the detailed LR-88 story.

LR-88 Control Features: Dual Bass and Treble; Loudness; Balance; Volume compensation; Tape
monitor; Mono/stereo conirol; Noise filter; Interstation muting; Dual speaker switches; Stereo
mlcrophonc inputs; Front panel headphone output; Input selector; Signal strength meter; Zero-
center meter; Stereo threshold control; Remote speaker mono/stereo control; Tuning control
Stereo indicator light, LR-88 Speclﬁcauons: Music-Power rating (IHF), 135 Watts @: 4 Ohms;
Usable sensitivity, 2.0 xV; Harmonic distortion, 0.6%; Frequency response, 15-25,000 Hz 4

1.5 dB; Cross modulation rejection, 80 dB; Selectivity, 45 dB; Capture ratio, 2.5 dB; Signal/noise
ratio, 65 dB; Price $334.95 (Recommended Audiophile Net)

You'll swear by it
. = [NSCOTT

H. H. Scott. Inc.;
Dept. 160-02, Maynard Mass, 01754

Walnut case optional

© 1969. H. H. Scott, Inc.

CIRCLE NO. 80 ON READER SERVICE CARD

Save Time
on Pc Board

“Melted solder
disappears up
hollow tip
into tube

The ENDECO Desoldering Iron
Removes Soldered Components
in seconds...without damage!
Endeco melts solder; removes Jast trace
by vacuum. Leaves terminals and
mounting holes clean. Resolders PC
boards better than regular iron. One-
hand operation. Temperature controlled
for continuous use, Standard tip furn-
ished, 5 other tip sizes. Pays for itself,
$20.65 net. Smaller size available, See
your distributor or write:

ENTERPRISE
@ DEVELOPMENT
CORPORATION

5149 E. 65th Indianapolis, Ind, 46220
CIRCLE NO. 108 ON READER SERVICE CARD

GET
INTO

> ELECTRONICS

V.T.L training leads to success
as technicians, field engineers,
specialists in communications,
guided missiles, computers, ra-
dar and automation. Basic &
advanced courses in theory &
taboratory. Electronic Engi-
neering Technology and Elec-
tronic  Technology curricula
both available, Assoc. degree in
20 mos. B. S. also obtainable.
G.1. approved, Graduates in all
branches of electronics with
major companies. Start Febru-
ary, September., Dorms, cam-
pus. High school graduate or
equivalent, Write for catalog.

VALPARAISO TECHNICAL INSTITUTE
Dept. RD, Valparaiso, Indiana 46383

A

FIND BURIED TREASURE !

Find buried gold, silver, coins,
war relics with new sensitive
detector. Works for days on a
common 60¢ 9-V battery Fully
transistorized. 1969 model. ideal

for beach combing, treasure
and coin hunting, prospecting
for gold. So sensitive it will
detect a single coin or gold
nugget. NOT A KIT. Com-
plete, ready to operate.
Nothing else to buy.
Gives loud, clear signal,
when metal is detected.

Sensitive earphone

included for treasure
hunting in secrecy.
Weighs 2 pounds,

Plus $1.00 Shipping
16-DAY MONEY
BACK GUARANTEE

SEND ONLY $3.00.

Pay $14.88 plus post-
age and C.0.D. when
delivered, or send
$18.88 for postpaid ship-
ment to

TREASURE ENTERPRISES e

Dept. K41, Box 10947, Houston, Texas 77018

IMPROVING
SAWTOOTH LINEARITY

By FRANK H. TOOKER

NE technique used to improve the

linearity of a UJT sawtooth-wave
generator is to feed the timing capacitor
from a constant-current source. But this
is not alwayvs convenient Another meth-
od is shown in Fig. 1.

Here two UJT sawtooth-wave oscilla-
tors are independent except for the com-
mon base-2 resistor, R3. The time con-
stant of R2-C2, in the emitter circuit of
Q2, is much longer than that of R1-C1
in the emitter circuit of Q1. Thus, if
the two oscillators were entirely inde-
pendent, the repetition rate of Q2 would
be slower than that of Q1. With R3 in
the circuit, however, the firing rate of
Q2 is determined by the firing rate of
Q1. In other words, the two UJT’s fire
in unison and the UJT having the fastest
firing rate determines the repetition rate

When a capacitor is charged, the
charging rate is non-linear, that is, the
charging rate is quite fast initially but
slows more and more as the potential
across the capacitor approaches that of
the power supply. The initial portion of
the charging cwrve is the most linear,
because during this interval, the ratio of
the voltage across the capacitor to that
of the power supply is greatest. If only
this portion of the curve is used, the
linearity of the resulting sawtooth wave-
form is considerably improved.

Resistor Rl and capacitor C1 deter-
mine the repetition rate, while R2 and
C2 determine the linearity. The larger
the ratio of the two time constants, the
better the linearity will be. But the larg-
er the ratio, the lower will be the am-
plitude of the output signal.

For the circuit values shown in Fig. 1,
the repetition rate is about 500 Hz and
the output signal amplitude is 375 mV
The relatively low output level is due
to the unusually high ratio of the time
constants in this particular setup—on
the order of 50:1. A ratio of this order
is rarely needed, but was used to dem-
onstrate that the circuit will function
even with this high a ratio of time con-
stants, Much higher output and entirely
satisfactory improvement in linearity is
possible with ratios as low as 5:1. A

Fig. 1. In this WJT oscillator, R2 and
C2 determine linearity of the output.
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SOLID STATE

One Hundred Eighty-third in a Monthly Series by Lou Garner

LTHOUGH not as widely used as bipolar
types, field-effect transistors (FET's) are
exceptionally versatile devices. With mod-
erate to very high input and output im-
pedances and relatively lew-current re-
quirements. FET's offer the circuit designer
performance characteristics comparable to
those of vacuum tubes coupled with the low-
power requirements and high efficiency of
bipolar units. Increasingly popular with pro-
fessional design engineers. FET's may be
used as dc, a-f, r-f. VHF and UHF amplifiers
and oscillators: as modulators, mixers or de-
tectors; as switches. gates and choppers:
and as variable resistors. voltage regulators
and current limiters. Fully compatible with
other devices. they may be used with UJT's,
standard bipolars. SCR's, IC’s. etc.
Whether you identify vourself as an elec-
tronics fan, experimenter, hobbyist, gadget-
eer, technician, or practical engineer, then,
you should welcome four recent offerings
from a West Coast manufacturer, Siliconix.
Inc. (2201 Laurelwocd Rd., Santa Clara, CA
95054)—a new FET handbook and three kits
of top quality FET devices at bargain coun-
ter prices.

Fig. 1. This sawtooth generat-
or is typical of circuits de-
scribed in new FET handbeook
available from Siliconix, Inc.
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Entitled An Introduction to Field Effect
Transistors, the handbook is a 128-page,
soft-cover, plastic-bound guide to the opera-
tion and application of FET's and related
semiconductor products. Written at an in-
termediate, rather than elementary, level, the
handbook should be of particular value to
advanced experimenters, serious hobbyists,
technicians. and practical engineers. Design
equations are given where applicable, while
mathematical fireatments are featured in
most of the theoretical sections. Numerous
charts. graphs, tables and circuits are used
to illustrate the text. Although a variety of
valuable circuits is included in the volume,
most are presented in basic form rather than
as practical construction projects.

The sawtooth waveform generator illus-
trated in Fig. 1 is typical of the circuits de-
scribed in the handbook. Suitable for use
as the linear sweep generator in a solid-
state oscilloscope, the circuit features a
FET source follower buffer amplifier, QI, a
FET current limiter, Q2, and a UJT relaxa-
tion oscillator, Q3. Its repetition rate (or
frequency) is determined by R2's value and
C2’s capacitance. In practice, C2 is switch-

Q2
2na339| R3
1000
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Hear it now/

A UHF, High/Low VHF monitor in one handsome, easy-to-

operate package.

Our new Monitoradio/Executive Scanner, Model TME-16
H/L/U, doesn’t miss a trick on transmission.

It conducts an automatic, or manual, search for active
signals on your choice of frequencies in three busy bands.
It stops to hear the transmitted action, loud and clear . . . then
automatically resumes the search.

Each of the 16 crystal controlled channels is push button
equipped for programming any channel “‘in”" or “‘out” of
service. Push huttons, too, for programming either of the three
bands.

Tri-speed scan action speeds the signal search to ‘’super-
scan’’ the channels you want most—eliminates signal sampling
of channels you choose to temporarily *‘program-out””.

Best of all, it does the complete manitor job that formerly
required 3 receivers—only $219.00. Crystals $4.95 each.

Hear it now—at your favorite Regency retailer.

Ask for our complete color catalog of 256 monitor models |

7900 Pendieton Pike
ndianapolis, Indiana 46226.
CIRCLE NO. 23 ON READER SERVICE CARD
88

selected with values from, say, 0.001 to 0.5
uk.

Siliconix’s three FET Experimenter Kits
are similar except for the numbers and types
of devices offered in each. Kit #1, the small-
est and least expensive, contains six devices
in all, including two general purpose ampli-
fiers, two VHF amplifiers, a VCR and a

Fig. 2. When temperature rises above preset
level, these circuits switch off load power.
Circuit (B) is much more sensitive than (A).

current limiter (CL). A matched dual FET
is featured in Kit #2, together with seven
other units, including three general purpose
amplifiers, a VHF amplifier, a switching type,
a VCR, and a CL. Featuring an operational
amplifier IC, Kit #3 also includes two gen-
eral purpose amplifiers, a UHF amplifier, a
VHF amplifier, a low resistance analog
switch, a ClL, and a matched dual pair.

The FET Experimenter Kits are available
with or without the new handhook, but all
three kits include a complete set of specifi-
cation data sheefs and useful application
notes. Kits #1, #2 and #3 are priced at
$6.50, $11.50 and $16.50. respectively, with
handbook, or at only $5.00, $10.00 and $15.09
less handbook—a 50% savings comparzad to
reguar net prices. The FET handbook may
be purchased separately at $2.50/copy. If you

POPULAR ELECTRONICS




can’t talk about anything for fear of having
the idea stolen. Now, a new service, provided
for inventors by the U.S. Patent Office, pro-
vides for the acceptance and preservation for
a limited time of “Disclosure Documents”
as evidence of the dates of conception of
inventions.

Under the new “Disclosure Document
Program”, a paper disclosing the invention
and signed by the inventor may be for-
warded to the Patent Office where it will be
retained for two years and then destroyed
unless it is referred to in related patent ap-
plications. This disclosure is not a patent
application. When the inventor is ready to
submit his patent application, he can refer
to the disclosure document in his letter of
transmittal.

Other details of the program are outlined
in a brochure available from the U.S. Pat-
ent Office, Office of Information Service,
Washington, D.C. 20231. Ask for “Disclosure
Document Program.”

Reader’s Circuit. Widely used in switch-
ing, control and power-supply applications,
the silicon controlled rectifier (SCR) is sel-
dom encountered in other types of circuits,
for its “all or nothing” conduction charac-
teristic limits its use in oscillator and ampli-
fier arrangements. Thus, the circuit shown
in Fig. 1—a linear (sawtooth) sweep genera-
tor—is a somewhat unusual application for
this device. Reader Nyle A. Steiner
(K7NUH, 186 “S” Street, Salt Lake City,
Utah 84103), who submitted the design, has
achijeved this unique mode of operation by
combining the electrical characteristics of an
SCR with those of a neon lamp. According
to Nyle, the circuit will deliver a sawtooth
signal of sufficient amplitude to provide di-
rect horizontal drive for the typical cathode-
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Fig. 1. An SCR is used in a rather unusual appli-
cation in this linear (sawtooth) sweep generator.
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ray tube used in most general-purpose os-
cilloscopes.

In common with most relaxation oscilla-
tors, Nyle’s circuit utilizes the charge-dis-
charge features of an RC network to form
the familiar sawtooth waveform. Referring
to Fig. 1, SCR! and neon lamps (Il and
I2) are in a non-conducting (open) state
when d.c. is first applied. A capacitor select-
ed by SI, is charged slowly by the d.c.
source through RI, R2 and R4 until its volt-
age equals the combined ionization voltages
of the neon lamps. At this point, the neon
lamps “fire,” furnishing gate current to SCRI
through current limiting resistor R3, switch-
ing the SCR to a conducting status. This
discharges the capacitor through R4. With
the capacitor discharged, SCRI reverts to
its non-conducting status, the neon lamps
are extinguished, and the cycle repeats.

Potentiometer R6 is not a functioning
part of a basic circuit. It is included to pro-
vide a d.c. reference for beam centering
when the circuit is used to furnish direct
drive to a CRT’s plates.

The circuit’s repetition rate (frequency)
depends on the supply voltage, the neon
lamps’ combined ionization voltage and, of
course, on the time constant of the RC net-
work which includes RI, R2, R4 and the
selected capacitor. The value of R4 is rela-
tively small, and therefore, can be ignored.
A variable resistor is used for RI to serve
as a fine frequency control, while selector
switch SI provides a choice of capacitors
(CI1, C2, or C3) and thus acts as a coarse
control or range switch.

All the parts used are readily available.
Resistors R2, R3, R4 and R5 are half-watt
resistors; 11 and I2 are type NE-2 or NE-51
neon lamps; and SCR! is a Motorola type
MCRI1906-4 or equivalent with, at least, a
200-volt rating. The timing capacitors, CI,
C2 and C3, should be good quality 400-volt
plastic film or paper tubulars, with their
values determined experimentally to pro-
vide the desired range of operating frequen-
cies; generally, values from 0.01 pF to 0.25
»F will be used.

Neither parts nor wiring arrangements are
critical and the circuit can be assembled
using any of a variety of construction meth-
ods. The neon lamps should be shielded to
exclude light, for these devices may be pho-
tosensitive. Virtually any well-filtered d.c.
source furnishing in excess of 200 volts may
serve as a power supply, but Nyle suggests
at least 350 volts be used to insure a linear
output signal.

Manufacturer’'s Circuit. Originally de-
signed for use as a video amplifier in a mono-
chrome TV receiver, the circuit shown in
Fig. 2 could serve either as an untuned r.f.

POPULAR ELECTRONICS



operational amplifier designed for use with
power supplies of from +1 to 18 volts.
With a =1 volt dc source and its quiescent
current adjusted to 10 pA the device has a
standby power requirement of only 20 uW.
The UC4250 can furnish a gain of 100,000
into a 10,000-ohm load when operated on a
=+6 volt supply, with its quiescent current ad-
justed to 30 uA.

In fests at Solitron, two miniature elec-
tronic watch hatteries were used to power a
square wave oscillator using the UC4250.
The circuit’s load current checked out at a
mere 100 pA, thus indicating that the oscil-
lator should be able to run continuously for
30 months on one set of batteries. Unfortu-
nately, the actual operational battery life is
somewhat less, for these small cells have a
rated shelf life of only a little over 15 months.
The circuit’s power drain is so small, then,
that its power supply batteries would fail
chemically long before they are exhausted
electrically. How about that for low power ?

Micropower circuits are particularly use-
ful in medical electronics, biological and geo-
physical telemetry, portable instrumenta-
tion, long-term monitoring, and miniature
computers. A recent development in another
field may make such circuits of even greater
value in medical appliances.

Working with selective catalysts, Drs.J. H.
Fishman and J. F. Henry at Leesona Corpo-
ration’s Moos Laboratories Division (Great
Neck, N.Y.) have developed experimental
fuel cells using human blood as a source of
both fuel and oxygen: In practice, two elec-
trodes are immersed directly into the blood
stream, one of which reacts with glucose and
similar organic materials, the other with
oxygen, to produce electric power. The ex-
perimental units tested to date yield approx-

imately 5 4W for each square centimeter of
electrode area. Although this power yield
may be improved considerably as techniques
are refined, it is already sufficient to operate
circuits comparable to Solitron’s UC4250.

Looking to the future, one day we may see
implantable solid-state heart pacers and sim-
ilar aids which are powered by the patient’s
own blood stream.

Your editors would be interested in hear-
ing of any micropower circuits developed by
our readers. If of general interest, we may
find a place for it here.

Reader’s Circuit. A practicing engineer
as well as an enthusiastic experimenter,
reader Eugene Richardson (310 East Mason
Ave,, Alexandria, VA 22301) feels that the
programmable unijunction transistor, or
PUT, has not received the attention it de-
serves and, therefore, is not as widely used
by most hobbyists as are such familiar de-
vices as transistors, SCR’s, diodes and con-
ventional unijunctions. As he points out, the
PUT is an exceptionally versatile device.

Essentially an anode-gate thyristor, the
PUT is functionally equivalent to standard
unijunction devices, but has a number of
superior features. Its stand-by and holding
currents are much lower, its on resistance
considerably lower, and its peak current rat-
ing much higher. Further, its firing thresh-
old can be either programmed or made varia-
ble and, in addition, its inherent regenerative
action gives it a fast-acting characteristic.

As evidence of the PUT’s versatility, Eu-
gene has submitted the sweep/frequency
divider circuit illustrated in Fig. 1 for con-
sideration and possible use by other experi-
menters. Capable of delivering either saw-
tooth or pulse waveforms, its output can be
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Fig. 1. Programmable unijunction transistor, Q3,
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is used in sweep/frequency divider cir-

cuit to deliver either sawtooth or pulse waveforms synchronized with an external signal.
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synchronized with an external signal. He
suggests that the circuit can be used as a
general purpose waveform or pulse genera-
tor or, if preferred, incorporated into other
equipment, such as an oscilloscope as a
linear sweep, or in a counter as a pulse fre-
quency divider.

In the circuit, the PUT, @3, is used as a
modified retaxation oscillator, with @1 serv-
ing as a bhias control device and emitter-
follower @2 as a sync amplifier/buffer. In
operation, @38s anode-cathode capacitor
(C1, C2, or C3.) is slowly charged toward
source voltage through a series resistor
(R1 and R2), forming the leading ramp of
a sawtooth waveform. During this period,
@3's gate is maintained essentially at source
voltage, because @1, (part of the gate bias
voltage-divider consisting of B4, B5 and Q1's
emitter-collector resistance), is operated
without base bias and acts as an open circuit.
Under these conditions, the PUT cannot
“fire” (i.e., switch to a conducting state).

If, at this time, a positive-going sync pulse
is applied to @1’s base, the transistor starts
conducting, dropping the PUT’s gate voltage
below its anode voltage and causing it to
fire, discharging the anode-cathode capaci-
tor through cathode resistor B3 and develop-

Ql .
MSA8508

INPUT

ing a sharp output pulse. With the capacitor
discharged, @3's anode voltage drops and
the device switches back to a non-conduct-
ing state, permitting the cycle to repeat.

For optimum operation, the sync pulse
rate should be at a frequency comparable to
or higher than the relaxation oscillator's
“natural” frequency, as determined by the
supply voltage and its anode-cathode RC
time constant (R1-R2 and C1, C2 or C38). In
fact, the sync pulse rate may be several
times higher than the circuit’s natural fre-
quency, for the PUT will not fire until its
anode voltage reacthes a pre-established
peak value. Since the output pulse rate
(across R3) can be an integral fraction of
the sync frequency, the circuit may be used
as an effective frequency divider.

In practice, 81 serves as a frequency range
control, selecting various capacitor values
and thus changing the relaxation oscillator’s
RC time constant. Similarly, variable resis-
tor B1 acts as a ‘‘fine frequency” control. Po-
tentiometer R7 provides an adjustment of
sync amplitude.

Bugene has not specified component values
for his circuit, indicating that these will be
determined by the individual devices used,
by the dc supply voltage, by the desired
OUTPUT
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Fig. 2. R-f power amplifier employing npn VHF silicon power transistors can be used in either hand-
held, base station, or mobile applications. Operating frequency can be changed by varying LC values.

¢ Direct Frequency Dialing ® All Solid State
* Programmable Coverage o FET Circuitry

COMMUNICATIONS REGEIVER

For more details write: R.L. DRAKE COMPANY, 540 Richard St., Miamisburg, Ohio 45342

A general purpose receiver, the SPR-4 may be pro-
grammed to suit any interest: SWL, Amateur, Labora-
tory, Broadcast, Marine Radio, etc. Frequency Coverage:
150-500 KHz plus any (23) 500 KHz ranges,.500 to 30 MHz.

FEATURES: @ Linear dial with 1 KHz readout @ 4-
pole crystal filter in first |IF ® 4-pole LC filter in
secand |F ® Three handwidths: 0.4 KHz, 2.4 KHz, and
4.8 KHz for: CW, SSB, AM @ Superior cross-modulation
and overload performance @ Power: 120 VAC, 220 VAC,
and 12 VDC @ Crystals supplied for Lw, BC and seven
SW bands @ Built-in speaker ® Notch Filter.

ACCESSORIES: 100 Khz calibrator, noise blanker,
transceive adapter (7-4XB), DC power cord, loop an-
tenna, crystals for other ranges.
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Circuit Ideas

Voltage-controlled triangle generator

In the February issue H. Macdonald gave
a circuit for a triangular-wave generator
(Circuit Ideas, page 77). Here is a simpler
circuit which is also a frequency-to-voltage
converter. Excellent square and triangular
waves are formed which may be used to
produce sine waves by diode or fe.t.
shaping.

The circuit was designed to meet the
following requirements for a specific
application.

@ Produce a frequency of 0-10kHz linearly
related to a single control voltage, with a
scaling of 1kHz per volt and zero fre-
quency for zero voits control.

@ Produce a good square wave and tri-
angular wave suitable for sine shaping,
i.e. constant amplitude.

@ Circuit to be simple, reliable, self-start-
ing with good temperature stability and
zero warm-up time. _

Mr. Price’s circuit (Circuit Ideas, page 348
July issue) falls short of my specification
in respect of the first requirement. Also, the
frequency range of my circuit is much
greater (0 to 10kHz compared with 100Hz
to 3kHz), and Mr. Price’s triangular wave-
form is not truly linear, but formed froma
section of an “exponential” waveform.

680p

d.c. input
(+ve) 22k 22k

10k

Ry d

SKS%

—A—t

Other published circuits have also failed
to meet this specification with the same
degree of circuit simplicity as my own, e.g.
Mr. Tidey’s circuit (May, page 239) while
giving the required outputs would require
an additional amplifier to permit control by
a single voltage, making the complete cir-
cuit a good deal more complex than shown
in his diagram.

The circuit gives a good linear d.c.-to-
frequency characteristic between 1Hz and
10kHz for up to 10V input, and
works down to zero frequency. With a
high-stability capacitor, the temperature
coefficient is about 0.005% per deg. C
between —40 and + 100°C.

. One of the advantages of the circuit is its
flexibility: adjustment of the ratio of R, to
R, gives triangular-wave amplitudes be-
tween O and 20V. The relative slopes may
be adjusted with R, and R,, and the bottom
of the triangular wave can be clamped to
almost any level by clamping the line A.
Negative input voltages are easily dealt
with by changing the f.e.t. type. With some
modification, the unit can be made to
operate over a wider frequency range, but
normally some non-linearity occurs at very
low input levels due to offset voltages, and

—12v

oV

Wireless World, November 1972

at high frequencies due to the time taken for
the 709 amplifier to come out of saturation.
The d.c. source should be relatively low
impedance or have a small capacitor across
it to avoid problems due to the changing
input impedance of the circuit as it
switches. Also the second amplifier must
have a very high slewing rate, hence the
use of a 709 amplifier with no compensating
components.

J. W, Howden,

Bristol.
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Versatile Triangle Wave Generator

A constructional project which forms
a ‘building brick’ for more complex test systems

by D. T. Smith*

This article describes a triangle wave gen-
erator whose frequency can be controlled in
a variety of ways. Its frequency can be made
to vary linearly with a potentiometer set-
ting; the period can be made to vary
linearly with a resistor and frequency can be
varied exponentially over several decades,
or swept with an input voltage. It uses cheap
non-critical components, and is suitable for
use from well below 1Hz to the MHz region.
If required the triangle can be shaped to a
sinewave, so that the oscillator can be used
as a wide range or swept sinewave generator
that avoids the problems associated with the
direct generation of sinewaves at low fre-
quencies. Also, a square wave output is
available if required.

Principle of operation

A block diagram of the oscillator is shown
in Fig. 1. The output of a constant current
generator is fed through an electronic
switch either directly to the capacitor C,,

*Clarendon Laboratory, Oxford.

curreat
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Fig. 1. A block diagram of the oscillator.

or via a “current mirror” circuit to C,.
This current mirror gives an output current
equal in size but opposite in direction to its
input current. Thus the capacitor voltage
sweeps linearly—up or down as controlled
by the switch. When the switch is feeding
current to the current mirror, the capacitor
voltage will sweep in the positive direction
until the output exceeds the bias of the
upper level comparator. Then the compara-
tor triggers the bistable so that the switch

reverses and the capacitor voltage sweeps in
a negative direction. This continues until
the output falls below the bias of the lower
level comparator, when the bistable is
triggered back to its original state and the
cycle is repeated.

If the buffer has unit gain, and thereis a
difference, ¥, between the comparator bias
levels, the capacitor voltage must change
by 2V per cycle. Hence the frequency of
oscillation is

R
TV

A

Circuit details

Fig. 2 shows the circuit diagram of the
oscillator (except for the current generator
which is described later). The emitter
coupled pair Tr;, Tr, switch the input
current, and the switch is controlled by
200mV signals from the bistable. In the
current mirror 7r,, Tr,, the voltage drop
caused by the input current flowing in R,
and the emitter junction of 7r, equals the

output
O triangte wave

+15V

Try

ov

Tra

constant current R3
generator

(see text)

~
N
| Y, S W S

» —15V

A

Fig. 2. Circuit diagram of the oscillator.
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Fig. 3. (a) Current generator for the direct
calibration of frequency. (b) Current
generator for the direct calibration of
period. (c) Current generator for a very
wide frequency range.
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Fig. 4. The oscillator performance using the
current generator shown in Fig. 4(a)
demonstrating a linear frequency
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Fig. 6. Performance of the oscillator using
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drop caused by the output current in R, and
the emitter junction of Tr,. Thus, if R; and
R, are equal, and the transistors are similar,

.the output current will equal the input

current, and with the values shown the
circuit operates for currents ranging from
below 1nA to about S00uA.

The capacitor voltage is buffered by a
source follower 7rs. The output is taken to
the comparator Trg, Tr, and compared
with a fixed bias of +10V. When the output
exceeds + 10V, Tr, conducts and triggers
the bistable circuit Tr, 4, Tr;,. The output is
also fed to a second comparator Trg, Try
and compared with a + 5V bias, so that the
bistable is reset when the output falls below
+SV. The output is thus a triangle wave
between the limits + 5 and + 10V. A photo-
graph of the output waveform is shown on
the left.

Constant current generator

The versatility of this oscillator stems
largely from the fact that its frequency is
controlled by a single current generator,
and this generator can be adapted to meet
a variety of needs. If only a single frequency
is required, this generator can be a simple
resistor to the negative line. Fig.3(a) shows
a current generator suitable for use when
an oscillator with a linear frequency calibra-
tion is wanted, as the frequency varies
linearly with the potentiometer setting. If
C, is 10nF and a ten turn helipot is used
with the dial set to read from 1 to 11 turns,

the trimmer potentiometers can be set to

give maximum and minimum frequencies
of 1100 and 100Hz. The oscillator fre-
quency can then be read straight from the
helipot dial, as is shown in Fig. 4. By
switching the capacitor in decade steps, a
useful test oscillator can be built to cover a
wide range of frequencies.

If voltage control of frequency is re-
quired, a control voltage can be fed directly
into the base of Tr, in place of the voltage
from the potentiometer. When an oscillator
calibrated in period is required, the current
generator shown in Fig. 3(b) is suitable.
This gives a period proportional to R, as
shown in Fig. 5. The exponential relation
between collector current and base-emitter
voltage in a transistor can be used to give a
very wide frequency range in one band, as
was previously described for use with
multivibrators!. Fig. 3(c) shows a suitable
generator and its measured performance is
shown in Fig. 6. When this circuit is used
R, and R, should be changed to 470Q to
allow the current mirror to work up to
10mA.

Conversion to sine waves

A triangle wave with its reasonably low
harmonic content can be used in many
applications where a sinewave has been
traditionally used. However, when a low
harmonic content is necessary, the non-
linear characteristics of a junction f.e.t. can
be used to shape the triangle into a sine-
wave?. A suitable circuit is shown in Fig. 7.
The d.c. output of the emitter follower is set
to zero using R, and the amplitude set with
R,. The emitter follower is necessary to
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give a low impedance drive to the shaping
circuit.

Some care in setting up is necessary here
for good results. The ¥, and I, of the
f.e.t. should be measured (ie., the gate
bias where the drain current falls-to zero,
and the saturation current at zero gate
bias), and the peak-to-peak input level set
to about 2.7V, with R, and R, set to about

V,
21—”. The input level is then adjusted for
dss

minimum 3rd harmonic and R, set for
minimum 2nd harmonic, using a wave
analyser if available. A total harmonic
content of less than 0.55/ r.m.s. can be
obtained with this circuit.

References
1. D. T. Smith, “Multivibrators with seven-

decade range in period”, Wireless World, Vol.
78, No. 1436, 1972, pp. 85-6.

2. R. D. Middlebrook and I. Richer, “Non-
reactive filter converts triangular waves to
sines”’, Electronics, Vol. 38, No. 5, 1965,
pp. 96-101.

Components List (Figs. 2, 4)

Resistors
R, 10k
R, 10k
R, 22k
R, 4.7k
Ry 10k
R¢ * 10k
R, 10k
Ry 10k
Ry 6.8k
Ryo ’ 100
R, 10k
R, 10k
Ry, 6.8k
Rya 100

Capacitors
G, see text
C, 0.1uF
G, 0.1uF
Cs 4.7pF
Cs 4.7pF

Semiconductors

Try,Try,Trg,Tr,,Trg, Try All 2N4061
Try,Try,Tryg,Try,,Try, All2N5172
Trs 2N3819

Components List (Fig. 8)

Resistors
R, 22k pot.
R, 10k
R 100k pot.
R, 100k :
R; 4.7k
Ry M
R, M
R, see text
R, see text
Semiconductors
D, 12V zener
D, 1544
D, 1S44
Tr, 2N4061
Tr, IN5172

Tr, 2N3819




AN EASIER WAY TO DO IT
The triangle-wave generator shown in
the Test Equipment Scene (May 1974) was
doing things the hard way. My circuit is
much simpler. it uses less than half the

&2K

AMPLITYOE
}—-AMPW

parts, but it doesn’t sacrifice performance.
It also features better linearity, which is
important for test purposes. And the cir-
cuit is drift-free, eliminating the need for
relatively expensive output capacitors. |
have designed the circuit to be
frequency-variable without the need to
readjust the output level to maintain a
constant amplitude.
WOLFGANG RUPPRECHT
Munich, Germany




Clock-triggered
triangular pulse
generator

A double pulse is applied to the inverting
input of a TLO81 operational amplifier
connected as an integrator and a triangular
pulse is obtained at the output. The re-
quired double pulse is formed by two
direct voltages —5V, +5V, applied to the
integrator input wvia a pair of analogue
switches. Two D-type flip-flops control
these switches. The two flip-flops are trig-
gered by the rising edge of the clock pulse
applied to their clock inputs. When the
clock-pulse triggers the two flip-flops, the
First flip-flop’s Q-output becomes equal to
1 and the Q-output of the second equal to
0. Consequently, one switch is enabled and
the other disabled. Thus an input voltage
equal to —5V is applied to the integrator.
When no input voltage is applied to the
integrator, Vo =0. Then, Viz;=—5V and
Vout increases; when it equals the reference
voltage Vi1 the output of the comparator
goes high, and the first flip-flop’s Q-out-
put is reset to 0, while the second’s Q-
output is set to 1. Thus the switches
change state, so that Vi,=+5V and Vg

+10V
+5V 3Kk3 d Veet, 1
& {
+
% RS - Y LM3302

' -10V

¥,CDL013 2

Clock s ap— r-—=-7 il

Clock J—- {

f v —{x] "_J, * 1 TLost
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1, C0L013

v I +3v
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LCD4016 7 0V
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decreases. When Vi =V,ez=0V, the out-
put of the second comparator goes high
resetting the Q-output of flip-flop 2 to 0.
So both switches are disabled, and no in-
put -voltage is applied to the integrator.
Consequently V,,=0 until the next rising
edge of the clock pulse triggers the flip-

+

1,LM3302

v Vret,2

v ;;—

flops. The duration of the triangular pulse
is T=2t; where t;=1/RC is the time con-
stant of the integrator.

G. Tombras
Athens
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TRIANGLE GENERATOR WITH
INDEPENDENT SLOPE SETTING

This free-running oscillator circuit
‘generates a triangle waveform, the
rising and falling slopes of which may
be set by completely independent
controls. Simultaneously the bbb
output (pin 3) provides a rectangular
waveform at low impedance that is
synchronised with the triangle wave-
form.

Assuming the 555 output is low,
the output of constant-current source
Q1 is shorted to earth via diode D3,
and diode D5 is reverse biased. During
this time current source Q2 linearly
discharges the timing capacitor C
through D6, D4 being reverse biased.
Eventualfy the voltage on C falis to
1/3V¢e (set by the internal potential
divider that biases the two comparat-
ors in the 555) and the 555 output
goes high. Now the output of Q2 is
shorted away from the timing

D1

1N914 100

SET RISING.

R1

13
1 4x1N914

L o2

T

capacitor, and Q1 is allowd to linearly
charge it up; when the capacitor
voltage reaches 2/3V¢c the 555 out-
put goes low again, and the cycle

R S ———

repeats.

The biasing networks R1D1 and
R2D2 compensate for the changes
in Vee.



Serrodyne amplifier generates
wideband linear ramp

by Roy Viducic
Loral Electronic Systems, Yonkers, N. Y.

Producing an extremely linear 200-V ramp or peak-
to-peak sine wave over a frequency range of 50 kilohertz,
this circuit is ideally suited for modulating the helix of a
traveling-wave tube (serrodyning) or generating large
voltages for circuit synchronizers. Because of the inher-
ent symmetry of the circuit design, it can produce both
positive-going and negative-going ramp waveforms.

In addition to the advantages previously mentioned,
the circuit offers:
® L ow gain error through either input.

® Fast response for both ramp polarities—the output’s
flyback-settling time is 1 microsecond.
® Wide dc-offset capabilities.

To achieve this performance, an operational amplifier
with a high slew rate and broadband response is used in
a simple feedback arrangement.

The low-level ramp or sine wave signal is applied to
either input of A,. Note that the polarity of the ramp at
the output is reversed if the input signal is applied to the
opposite port of A;. The broadband characteristics of A,
provide sufficient output, even at a closed-loop gain of
20. This is the minimum loop gain required to obtain the
linearity, precision, and dynamic range that were
initially specified for this application.

After inversion and further amplification by Q;, the
signal passes' through complementary-transistor pair
Q:Qs to the output. Because Q, is designed for a
closed-loop gain of 20, it is only necessary to swing 10
volts at the output of A;, well within the operational

200V

l

- % Q;
g 2N3440
20R (N914 \1 eo
+15V > :
R
Qs I
2N5416 L
£ T
. Re S 200 A |
M LH0024 2N3440 =+
Ce == 0.02uF +
—AMA————4
R
" R: LK TYPICAL -1y ZOEE cT 3R
: p
. ~15V
~15V A AN
Ros 20R

Well-behaved. Feedback circuit provides high-voltage ramp or sinewave to capacitive loads exceeding 200 picofarads. Broadband op amp
having high slew rate contributes to excellent linearity of waveforms over 50 kilohertz range. Flyback settling time is 1 us.
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amplifier’s capabilities in its linear region.

Capacitor Cg compensates for the total base-to-emitter
capacitance at Q, and Qs, which act to reduce circuit
speed. Network R.C. stabilizes the entire loop. Potenti-
ometer R is used to adjust the output offset.
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Considerable heat will be generated in Q,—Q; because
of high collector voltage. In spite of this, the power
dissipated by them is well within the ratings of their
TO-5 cases. Therefore, the transistors do not require
external heat sinks.




s

Fig. 1. (A} Triode interelectrode capuaci-
ties and (B) equivalent amplifier circuit.
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Fig. 2. Typical triode amplifier circuit.
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Fig. 3. The Miller sweep-generator circuit.

niques are hut applications of well-
known and long-established prin-
ciples. Parametric amplifiers fit this
category, as do artificial capacitances
produced by amplification. Devices of
the latter category are applications of
the principles first described and calcu-
lated by J. M. Miller back in 1919.
While the Miller equation can be
found in any standard text, its deriva-
tion has become obscured to the point
that it is almost impossible to find it
anywhere. Because of the valuable in-
sight the derivation of this equation
provides the technician in analyzing
tone controls, sweep generators, ana-
logue computers, and other current de-
vices, the Miller equations have been
“re-discovered” in the following para-
graphs.

MANY of the latest electronic tech-

What It Is

An unfortunate combination of the
effects of tube interelectrode capaci-
tances is responsible for the Miller Ef-

fect. Fig. 1A shows the capacitances
involved. Looking into the tube’s input
circuit, the grid-to-cathode capacitance
is immediately encountered, of course.
This capacitance will act to short to
ground any high frequencies in the input
signal, thereby decreasing the gain of
the stage at the higher frequencies.
When a signal is applied to the input
circuit, an amplified version appears at
the plate of the tube. This amplified
signal is 180 degrees out-of-phase with
the signal on the grid and, since grid-
to-plate capacitance couples the plate
to the grid, the amplified signal is cou-
pled into the grid circuit where it will
also act to decrease the input signal.
The effect is the same as if the grid-to-
cathode capacitance has been increased.
This is an extremely important consid-
eration.

The next thing to be considered is just
how much the input capacitance has
been increased. In order to develop an
equation, consider the circuit of Fig. 1B.
The total input capacitance is thought

By LEE BISHOP

Meaning of this important
electron-tube effect along
with some interesting new
uses for an old principle.

of as being made up of two capacitances,
the Miller capacitance caused by the
feedback and the actual physical C...
Now the charge on a capacitor can be
expressed by the well-known equation:

Q=CE
where: @ is the charge in coulombs; C
is the capacitance in farads; and E is the
voltage in volts.

Therefore, the charge on C,: will be:

Q=Cu E, ......... ... ... ... (2)
where K, ,=a.c. grid voltage.

Now the charge on C,, will be:

Q::Crw/—E’u* ( “’AE::)]
=Cuw E,(A+1)..(3)
where 4 =stage gain.

Since the preceding stage must sup-
ply charging current to both capaci-
tances, the charges appear additive at
the input.

Therefore:

Qin=0.+Q.=C, B,+-C,, E, (A+1)(4)

As @, is the total charge of the input
capacitance C;., this capacitance is re-

lated by:
Qiv=CuE,y ... (5)
Combining Eq. 4 and Eq. 5 gives:
CuE,=C, E,+C, B, (A41)......(6)

Simplifying, results in:

Cin=Cu+Cp (4+1) .... (D)

Eq. 7 is the well-known Miller equa-
tion. This equation shows very clearly
that the total effective input capaci-
tance is determined not only by tube
and distributed capacitances, but also
by the gain of the stages. Understand-
ing and using this equation provides the
technician with a powerful tool in an-
alyzing the operation of many modern
circuits.

In order to get an idea of the magni-
tude of the Miller Effect, consider the
circuit of Fig. 2. The stage gain for this
particular circuit is 30. The tube capaci-
tances are shown in the diagram. Apply-
ing these values to the Miller equation
shows the effective input capacitance
to be:

Cin=224+2(30+1) =64.2 putf.

The tube has an input capacity of only
2.2 upf. but, when used in the circuit
shown, the effective input capacity is
64.2 uuf. Actually the C,: is a very minor
part of the total. Miller Effect has ac-
counted for 62 wuf. The equation points
up very clearly the shortcomings of
high-gain triode amplifiers at the higher
frequencies.

Applications

The Miller Effect has been put to good
use in the sweep generator circuit of
Fig. 3. The plate-to-grid capacitance in
this case is augmented by the use of a
physical capacitor and stage gain has




been increased by the use of a pentode.
The effective capacitance from control
grid to ground is the capacitor C multi-
plied by the gain of the stage.

For a positive-going square-wave in-
put of the desired sweep duration ap-
plied to the control grid through R, the
plate voltage waveform will be a nega-
tive-going saw-tooth. The positive signal
at the control grid will tend to increase
the plate current. The discharge of C,
caused by the plate going negative,
tends to reduce the plate current.

The behavior of this circuit can be
predicted by using the Miller equation
to estimate the size of the Miller capaci-
tance between grid and ground. The
Miller capacitor thus calculated is then
considered to be charging to the gate
voltage through resistor R for the dura-
tion of the gate. The waveform in the
plate is the predicted grid waveform in-
verted and amplified by the stage gain.
This circuit has the advantage of being
able to produce very linear sweeps with
very small values of R and C.

It is not generally realized that a
Miller sweep circuit can be used to pro-
vide linear sweeps whose amplitude is
on the order of 25 times that of the
sweep generator plate voltage. The trick
here is to use an inductance in the plate

g +35V,
3 TC-R-2:
00K v lzcmy.2 %‘l 27K
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Fig. 4. Precision sweep generator with
high-amplitude output saw-tooth waveform.

circuit. The collapsing field around the
inductor provides the high voltage and
the Miller capacitance provides the
linearity. An actual circuit capable of
producing linear sweeps of 1000 volts
peak amplitude and extreme linearity
with only 35 volts of “B” supply is shown
in Fig. 4.

The Miller Effect finds universal ap-
plication in analogue computers per-
forming the calculus operation of inte-
gration. Assume, for example, that it is
desired to convert speed to distance. The
simple circuit of Fig. 5 is capable of
doing this. If the voltage applied to the
left side of resistor B were proportional
to speed, and the RC time constant of
the circuit were sufficiently long, the
charge on the capacitor at any given
instant would be representative of the
distance traveled at that instant.

Unfortunately, with reasonable ca-
pacitance values, the charging rate
would be far from linear as time in-
creased. By using a sufficiently long RC
—at least 10 times the period of the inte-
gration—the accuracy of the integra-
tion can be improved considerably and
the charge on the capacitor at any given
instant would be a better analogue of
the distance traveled. The problem here
is to find a large enough capacitor. One
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Fig. 5. Relationships in integrator circvit.

of the correct size for the average ap-
plication would fill half a room.

In practice, this large capacity is built
up electronically with a device known
as an integrating amplifier. The inte-
grating amplifier and its Miller equiva-
lent is shown in Fig. 6. In cases of this
nature, where high amplifier gains and
large feedback capacitors are used, the
C,: and the 1 can be dropped from the
Miller equation because they are neg-
ligible. The equation for the Miller ca-
pacitance produced by an integrating
amplifier then becomes:

Cuitier ZCpi G

where Cy,; is the feedback capacitor and
@G is the amplifier gain. For the ampli-
fier of Fig. 6, the Miller capacity would
be 100,000 microfarads.

The Miller principle, although dating
back to 1919, is as pertinent today as
it was then. Many new and unusual
circuit configurations use and will con-
tinue to use it. The devices illustrated
here have been selected to review the
effect and develop a method of analyz-
ing circuits using the principle of ampli-
fied capacitance. ~30—

Fig. 6. (A) Integrating amplifier arrange-
ment along with (B) the Miller equivalent.
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Non-Interference Seals

for TV and FM Sets

FCC reminds all prospective purchasers that sets
must comply with specified radiation limitations.

OST TV and FM receivers and tuners

act as miniature radio stations and
radiate radio signals from their local
oscillators and sweep circuits. Unless
the receiver or tuner is carefully con-
structed and well-shielded, it can cause
interference, not only to neighborhood
receivers but also to sets used in com-
mercial, police, fire, and aircraft com-
munications.

To minimize this possibility, FCC reg-
ulations limit the amount of permissible
radiation and require that TV and FM
receivers and tuners manufactured
after Dec. 31, 1957 have a seal or label
affixed stating that they meet the radia-
tion limits. Manufacturers and distrib-
utors are authorized to affix such a seal
or label but only after the set has been
tested for compliance.

The owner of the set is responsible
for complying with FCC requirements.
However, the Commission recognizes
that the user cannot usually test the set
to determine whether it meets the re-
quirements. It therefore feels that the
manufacturer or distributor should as-
sume this obligation to his customers
and affix the required seal so that the
purchaser of the set is assured that it

conforms with radiation requirements.

The Commission is receiving excellent
cooperation from United States and for-
eign set manufacturers in this program.
Most manufacturers are testing their
receivers and tuners to insure that they
comply with the regulations and are af-
fixing the required seal or label as proof
of compliance. However, some sets are
being sold which do not carry the seal.
It is possible that many of these may
meet the radiation limits set up by the
FCC, but that the manufacturers either
have not made the prescribed tests or
have not affixed a seal showing compli-
ance.

The FCC notes that operation of a
set manufactured after Dec. 31, 1957
which does not have such a label at-
tached is prohibited by the rules. The
Commission suggests that a buyer in-
sist that the seal be attached to the
receiver before a purchase is made. By
so doing, he also will insure the contin-
ued cooperation of set manufacturers
in the program. The owner of an un-
labeled set which causes interference to
his neighbor may be required to take
remedial action or to stop using the in-
terfering set. 30—
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Ramp generator

A POSITIVE ramp can be generated by
dumping charges on a capacitor. The
amount of charge deposited after ¢ =
n+! pulses will be Q =It. After five
seconds 5 X 107'Q will have been
dumped on the capacitor which in-
creases its volume from Vy = It/Cto V,

1-5x107%s
ol e

3V —
G — -
BC182 Ak

4

=1t*!y/¢. This voltage is stored on the
capacitor and decreases by an amount
V4 which is determined by the internal
resistance of the capacitor and the f.e.t.
gate leakage current. Without any load
to the capacitor the voltage across it
will decrease by 9/10-*V/min.. To obtain

an output voltage which has little in-
fluence on the charge or discharge of
the capacitor, a- 741 with a high imped-
ance duel f.e.t. input is used. The circuit
shown generates a ramp from 0 to 5.3V.
D. Greenland,

Cambridge.

+18Y

+12V
ak7
12k aM2 ém*
TCR5277
10k
BC212 1d
La ]
INGT6

€112




qc 5{,1:’?;\ P

% B

" Designe

=

Dual-function ampilifier
eases circuit design

by Jim Williams

National Semiconductor Corp., Santa Clara, Calif.

To simplify and cut the cost of the myriad of general-
purpose and specialized circuits, chips like National’s
LM392 combine both amplifier and comparator func-
tions on a single substrate. As has already been noted
[Electronics, May S, p. 142], it can be used to build a
sample-and-hold circuit, a feed-forward low-pass filter
and a linearized-platinum-resistor thermometer. This
article will present designs for its use in the construction
of a variable-ratio digital divider, an exponential voltage-
to-frequency converter for electronic music, and a tem-
perature controller for quartz-crystal stabilization. :

Figure 1 shows a divider whose digital-pulse input can

P = S — SRR

I +15V

| 15k H]kfl%

G,
2N2907

0,

be divided by any number from 1 to 100 by means of a
single-knob control. This function is ideal for bench- -type
work where the ability to set the division ratio rapidly is
advantageous.

With no input 51gnal transistors Q, and Q; are off and
Q; is on. Thus, the 100-picofarad capacitor (C,) at the
junction of Q, and Q; accumulates a charge equal to Q.
= C,V,, where V, is the potential across the LM385
zener diode (1.2 volts), minus the saturated collector-
to-emitter potential across Q,.

When the input signal to the circuit goes high (see
trace A, in the photograph), Q; goes off and Q, turns on
Qs. As a result, the charge across C, is displaced into
A/’s summing junction. A, responds by jumping to the
value required to maintain its summing junction at zero
(trace B).

This sequence is repeated for every input pulse. Dur-
ing this time, A,’s output will generate the staircase
waveshape shown as the 0.02-microfarad feedback
capacitor (C,) is pumped by the charge-dispensing
action to the A, summing junction. When A,’s output is

A, —~CM: LM392
AMPLIFIER-COMPARATOR

1N4148

.|
Ll

1N4148
ldd

2N2369 2N2907

INPUT ——o

2.2kQ2

5k

o

OUTPUT

1-MSQ RATIO i

ADJUSTMENT

+6V

Vertical resolution Horizontal resolution

Trage i {volts/division)* : (us/division) i
| A | o | s |
| ] | 1 500 |

C | 50 500 '
D | 50 ] 500
E } 10 j 50

F | 10mA 1 50

G 0.1 [ 50

| B "UNLESS OTHERWISE NOTED |

1. Analog digitizer. A single-control potentiometer sets the digital
signal’s divider ratio from 1 to 100 using the LM392 comparator-
amplifier chip. Thus, the division ratio may be rapidly set. Staircase
signals are derived from a charge-balancing arrangement, which acts
to maintain A.’s summing junction at a voltage null.
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just great enough to bias the noninverting input of the
comparator (CM) below ground, the output (trace C)
gocs low and resets A, to zero. Positive feedback to the
comparator (trace D) is applied through the 300-pF
capacitor (C;), ensuring adequate reset time for A,.
Potentiometer R, sets the number of steps in the ramp
required to trip the comparator. Thus the circuit’s
input-to-output division ratio may be conveniently set.
Traces E through G expand the scope trace to show the
dividing action in detail. When the input E goes high,
charge is deposited into A,’s summing junction F, and
the resultant waveform G takes a step.
Professional-grade electronic-music synthesizers re-
quire voltage-controlled frequency generators whose out-
put frequency is exponentially related to the input volt-
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r2. Sweet sawtooth. When combined with LM3045 transistor array,

LM392 forms the heart of an exponential function generator that can
easily be built. Waveform conformity to a pure exponential is excel-
lent— +0.25% over the 20-Hz-to-15-kHz range. Thermal drift is
minimized with a simple servo loop. Provision is made for eliminating
servo lock-up under virtually all conditions.

age. The one shown in Fig. 2 provides conformity within
0.25% over the range from 20 hertz to 15 kHz using a
single LM392 and an LM3045 transistor array. These
specifications will be adequate for all but the most
demanding of applications.

The exponential function is generated by Qi, whose
collector current varies exponentially with its base-
emitter voltage in accordance with the well-known rela-
tionship between that voltage and current in a bipolar
transistor. An elaborate and expensive compensation
scheme is usually required because the transistor’s oper-
ating point varies widely with temperature. Here, Q. and
Qs, located in the array, serve as a heater-sensor pair for
A., which controls the temperature of Q, by means of a
simple servo loop. As a consequence, the LM3045 array
maintains its constant temperature, eliminating thermal-
drift problems in the operation of Q. Q4 is a clamp,
preventing the servo from locking up during circuit
start-up.

In operation, Q,’s current output is fed into the sum-
ming junction of a charge-dispensing current-to-frequen-
cy converter. The comparator’s output state is used to
switch the 0.001-uF capacitor between a reference volt-
age and the comparator’s inverting input, the reference
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3. Oven cut. Quartz crystals are maintained at 75°C with this temperature controller, thus stabilizing output frequency of these sources.
Switched-mode servo loop simplifies circuitry considerably. Long-term temperature accuracy is estimated at 10 parts per million.

being furnished by the LM329.

The comparator drives the capacitor C, and resistor
R, combination, this network providing regenerative
feedback to reinforce the direction of its output. Thus,
positive feedback ceases when the voltage across the
R,C, combination decays, and any negative-going ampli-
fier output will be followed by a single positive edge after
the time constant R,C, (see waveforms A and B in the
photograph).

The integrating capacitor C; is never allowed to
charge beyond 10 to 15 millivolts because it is constantly
reset by charge dispensed from the switching of C,
(trace C). If the amplifier’s output goes negative, C,
dumps a quantity of charge into Cj, forcing it to a lower
potential (trace D). When a short pulse is transferred
through to the comparator’s noninverting input, C, is
again able to charge and the cycle repeats. The rate at
which this sequence occurs is directly related to the
current into the comparator’s summing junction from
Q.. Because this current is exponentially related to the
circuit’s input voltage, the overall current-to-frequency
transfer function is exponentially related to the input
voltage.

Any condition that allows C; to charge beyond 10 to
20 mv will cause circuit lock-up. Qg prevents this by
pulling the inverting input of A, towards —15 v. The
resistor and capacitor combination of R, and C, deter-
mines when the transistor comes on. When the circuit is

Programmabile sine generator
Is linearly controlled

by S. Awad and B. Guerin

Laboratoire de la Communication Parlée, Grenoble, France
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running normally, Qs is biased off and is in effect out of
the circuit.

The circuit is calibrated by simply grounding the input
and adjusting first the zeroing potentiometer until oscil-
lations just start and then the full-scale potentiometer so
that the circuit’s frequency output exactly doubles for
each volt of input (1 v per octave for musical purposes).
The comparator’s output pulses while Qs amplifies the
summing junction ramp for a sawtooth output.

The circuit in Fig. 3 will maintain the temperature of
a quartz-crystal oven at 75°C. Five-volt single-supply
operation permits the circuit to be powered directly from
TTL-type rails.

A, operating at a gain of 100, determines the voltage
difference between the temperature setpoint and the
LM335 temperature sensor, which is located inside the
oven. The temperature setpoint is established by the
LM103 3.9-v reference and the 1-to-6.8-kilohm divider.

Ay’s output biases the comparator, which functions as
a pulse-width modulator and biases Q, to deliver
switched-mode power to the heater. When power is
applied, A’s output goes high, causing the comparator’s
output to saturate low. Q, then comes on.

When the oven warms to the desired setpoint, A’s
output falls and the comparator begins to pulse-
width-modulate the heater via the servo loop. In prac-
tice, the LM335 should be in good thermal contact with
the heater to prevent oscillation in the servo loop. |

Because the frequency of this sine-wave oscillator is a
linear function of a digitally controlled input, it is
attractive for microprocessor and speech-synthesis appli-
cations. In addition, it is easy to implement—the digital
controller, made up of two resistor modules, needs only
to be inserted in place of the two passive resistors
normally present in a standard sine-wave oscillator.

It can be shown from the basic circuit in the figure
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