c}_ %

’% \%mless \Vorld, “Notember 1973 Y
soEihear ”“’Voltage Confi“'o]led

TR W LT

-

capable of a linearity better than 1% per MHz

by J. L. Linsley Hood

The growing use of phase locked loop
systems in applications such as very high
quality fm. demodulators, in which a high
degree of linearity between input frequency
and output {control) voltage is sought,
has focused attention on the characteristics
of the available voltage controlled oscilln-
tors (v.c.os) — the lineanty of the phase
ldcked loop is mainly determined by, and
cannot be better than, that of the v.co.
contained within it, However, aithough the
availability of a very linear v.c.0. system
would allow improvements to be made in
phase locked loops built around i, the
usefulness of a circuit arrangement having
8 linear voltage/frequency charac-
tenshic extends beyond this to such
applications as r.f. telemetry, “wobbula-
tors”, f.n. broadeast transmissions, and
lingar fim. signal generators.

It is convenient in practice if the v.c.0.
can be constructed using some form of
multivibrator circuit i that this avoids the
need for inductors, and, with a regard to
the potential use of such a v.c.0. in an f.m.
tuner’ demodulator system with an if. of
J07MHz, it is desirable that the controlled
frequency range of the cweuit should
extend some way above this. In view of the
small lead inductances and stray capaci-
tances which are demanded for satisfactory
operation of any multivibrator circwtt at
these frequencies, it is helpful if’ the device
can be constructed using some readily
available high frequency lmear integrated
circuit, and the component arrangement
has been chosen with this object in mind,

Circuit development

A number of multivibrator arrangements
can bg adapted to operate in a voltage
contrelled mode, but for optimum perform-
ance in high frequency applications, the
non-saturating emitter-coupled systems are
preferable, A suifable configuration for &
free running square-wave penmerator is
shown in Fig. 1.

In this the operation of the circuit is to
switch the current available from the con-
stant current source backwards and
forwards between 7%, and 7%y, Resistor R,

- is the collector load of Tr, When this
fransistor is conducting, the voltage drop
across R, will always be constant and
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Fig. 1. Multivibrator configuration for a
Jree running square-wave generalor.
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Fig. 2. Square-wave osclllator with a
high long term stability. Operation is up
o at least 20MHz,
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Fig, 3. “"Current mimic® circuit which
can be used to substitute the timing
resistor, R,, in Fig. 2.
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independent of the ht. voltage suppl)}“-g
provided that this does not alter the output?c e
of the constant current source. Tfns
arrangement offers a high degres of intrin$ic
frequency stability and if Cror R, is made%
varizble, the “base” frequency can' ab?
altered. -
A practical system 15 shown in Fig 25"
using a Motorola MEC6010 i. [‘.mtegrated e,
cireuit amphﬁcr, which incorporates along}m
tailed pair, a constant current source and:
a reference voltage point. With astabmsede@
ht. supply, this cireut gives a hugh long
term frequency stability, and wall operaterg?':
to at least 20MHz, i‘»
This cireuit arrangement can he cons
verted into a linear and stable voltage®,
controlled oscillator by the subsututmn’bl‘p{
a “current mumc® or “current mu‘ro:?u
circuit for the iming resistor R, in Fig. 2. -

r"*..

Current mimic operation

The ciweuit configpuration shown in Fig, 3
is widely used in integrated c1rcu1t~ d
manufacture, as for example in the 4‘5‘,&.\‘1
Motorala MC3401P to provide a non- ,\5

inverting input on a Liniac type amplifier, %

or in the RCA CA3060/3080 micropower *
op-amps, to replace load resistors, Iis®
attractiveness to the monolithic integratedt” &b
circut manufacturer anses from the ease ‘ﬁo*&'
with which identical pairs of transistors = &
can be fabricated in this process. .

If & given forward bias voltage is applied
to the bases of an ideal identical pair of
transistors, the same current will flow in
the collector circuits of both. If, now, the
bases of bath of these transistors are joined * _ﬁg’
to the collector of one of these {7¥,), and 8 o
certain current is drawn from this, tlus""’**’
current wall be the collector current of 7¥,
plus the two base currents. Since the forward ;f‘?
base poteatial of T¥,; has adjusted 1tse]ftu~
the level required to produce the cojlector -7 %
current of T¥,, it will also have adjusted “"-l"
the base potential of Trp to produce the} *(Q{b
same collector current in 7.

This will imply that the oulput (*mirror)_ ;5'.,
current of Try will be the same as theién
current drawn from the input, less the two
base cumment contributions. If the current‘%w

o«

gams of the transistors used are hi
enough, orni‘—-—asmllbethecas
miepgrated circuit manufacturc —-t
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This cireuit provides a cheap solution to
a non precision voltage controlled
oscillator. C1 charges towards the volt-
age set on VR1 until inverter 1 output
goes low whereupon the output of
inverter 3 goes low and discharges C1
via D and R4. Inverters 2 and 3 form a
Schmitt trigger circuit with positive
feedback supplied by R3. Inverter 4
forms a linear amplifier with 1ts gain

set by the ratio of RS to RE which
squares up the signal sppeanng on
inverter 1 autput. The signal 1s further
squared up by the Schmitt trigger action
of inverters 5 and 6 to provide a square
wave aof approximately 50% duty cycle
at the output of inverter 6. With the
values shown a frequency range of at
least 100 Hz to 15 kHz is guaranteed
with VR1 but other ranges can be
covered with suitable values of R1 and
C1. The circmt works well at lower
supply voltages but the frequency

Ty P

ponents may be slightly less, If a square
wave is not required a negative pulse of
approximately 200 nS is available at
the output of inverter 3 thus enabling
two VCOs to be built with one chip.
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Wide Range Voltage
Controlled Oscillator

Any section of IC1 can be used but all
unused inputs must be grounded —
otherwise the CMOS will pick up line
hum and operate in its linear region,
overheating as a result.
With the values shown, a frequency
i range of about 50Hz to 2kHz is ob-
tained — just right for an audio sweep
oscillator. If the mark/space ratio is
unimportant, it can go down to 1Hz.
The control voltage, which ideally
should be in the range 1.5V to 3.5V,
is applied to the power supply con-
nections. IC2 is used to square up
and buffer the output.
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should be within a 3096 mirgin ofen-or, o .1 ey »
which is not too far off the mark if all " A 3 7
approximations are taken intc account. 2
The basic assumption was made that

transistors with small values of &, would
always be used. I quote the following
experimental results, wiuch were obteined
from the circuit shown in Fig. 1 —essen-
tially the same as the circuit inmy previous

o
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ASP strxkes again

‘QAILASP shouldbcapproachcd with caution,
* 48S iS°H, 'Harpcr pomts out in ks letter in the
» March fssue. As it is, the ASP has struck
Again, Unfortupately Mr Harper gives no
g{detaﬂs regardmg his analysis or the trans-
Sristors used in his expenments, His results
are rather misleading if it is assumed that
transxstors belonging to theclass of‘popular
% small-mgnal audio transistors are used in
the circuit, Typical examples are the
%PCIO?, BC109, BC169, BC257, etc.
%, Before I advanced the approximate

Garnlysis in my letter in the January issue, :

%% exact analysis of the circuit shown in
:g. 1 was made. Approximations were
made only after an expenmcnwl mveshiga-
tibh, With the equations given, results

a; +10V

letter. A BC257A was used for 7r;, and five
different BC169Cs for T7,.

Using the approximate formula and
manufacturer’s data, the limits of the
voltnge gain using these transistors was
calculated as approximately 600 <1 4,1
<2200,

The following are the measured results
with a ImV ran.s. input voltage:

L. Voltage gain
frequency: 1000Hz
transistor

Try: B b ¢ d []
auiput
Vo, 145 L5 154 Q50 140
voliage

galn: —1450 —1150 — 1540 =500 - 1400

2. Frequency response

frequency
(Hz} W 1k 1ok 80k 100k

output
¥ rms 1L39 140 140 099 088
1 voltage

gain} 13%0 1400 1400 990 880

Because Mr Herper lurnished few details,
I am at a loss to explain why his measured
values were so low.

Referring to the case where the collector
resistor of the transistor 77, is connected
to the 10-volt line, maintaining the same
biasing levels and with nio resistance in the
emitter circuit of Tr,, the voltage gain of
the circuit is given to a good approximation
(assuming 1t,,, issmall) by
Ay = '“bfﬂR?,hfﬂ B =8mi, =

—Ig,R,125.
With the transistor 7¥, biased at 0.5 mA,
this comes to —20, as measured by Mr
Harper, and not to —9, as predicted by his
computer analysis.

AIthough the cireuit could conceivably
go into a state of oscillution when driving
a capacitive load, and with the base of Tr,
capac:uvcly loaded, I have never experi-
enced this in normal spplications.

P. W, van der Wak,
University of Stellenbosch,
South Africa.

Voltage-controlled oscillators

Having a requircment for a voltage-
controlled oscillator I constructed a ‘Iash-
up’ of circuits 2 and 4 of D. T. Smith’s
article ‘Multiwbramrs with Seven-decade
Range in Period’ (February issue). Using
2N5458 (MPF 104) devices for the Fets
it was found that the oseillators were not
self-starting, but required a negative-going
pulse to one of the gates to trigger it. It was
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Mr Stiles' addltion to Mr D, T. Smith's
clrcuit,

and switch to ore gate circuit, as shown,
was found to be sufficient to start and
restart the oscillator. The resistor and
capacitor alone were sufficient to provide
self-starting on switch-on, the switch only
being necessary to re-tripger the circuit
should the control voltage be allowed to get
out of hand. Once started the circuit proved
to be quite suitable for the function required
ofiit.

D. B, Stiles,

Bristol,

Soroerset.

Automatic telephone exchange

I would like to thank Mr P. F. Gascoyne
and Mr N, Monk for their usefil comments
(April 1s5ue) on my design of an automatic
telephone exchange (February issue). They
have both criticized the power supply
section, and T feel I should clarify the
situation. .

The first point is to assess the merits
of using the switched power supply as in
my criginal circuit, or to have a ‘perman-
ently on’ power supply as suggested by Mr
Gascoyne, Both methods have their
advantages, and I based my original
decision on the expected use of my ex-
change, Since there were Hable to be pro-
longed perieds of inactivity, I felt that a
switched power supply would be most
suitable. In practice thus has worked very
well, particularly as the small auxiliary
battery Iasts over a year. However,if heavy
use of the exchange is cxpccwd, then
perhaps a simpler ‘permanently on’ power
supply would be more appropriate.

Mr Monk is correct to draw attention’
to the possibility of getting a shock from the,
mans switching relays. This danger canbe
avoded by ensuring that the exchange is
adequately housed, and that the mains is
switched off while it is being handled.
Alternatively the contacts could be
shiclded by commercially available dust,
covers, More important is the possibility
of mams contacts shorting with low-voltage
ones. This is indeed possibleifthey are both
wired into the same sprinpgset. Hr:ri'.rew.n'.rl
the type 3000 relay has two sets of SpLing:
contacts side by side separatpd by‘,
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5,2 L | further found that if the input voltage was porcelain insulator; by using one, scgl‘or
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a|| Simple Wide Range VG in the cireuit configuration shown. range of approximately b0 Hz to
M A J Richardson The control voltage, which ideallyisin 20 kHzis obtained with almost equal
ki the range 1V5 to 3V6, is applied to mark to space ratio, but if this is
J,n; Any section of 1Ci can be used butall the power supply connection of ICl. unimportant the lower end can he
e unused nputs must be taken to 1C2 is used to square up and buffer axtended down to approximately
r || ground the output of ICl and can be operated 1 Hz Other frequency ranges can be
P This circunt takes advantage of the  from any suitable voltage rail obtainad with suitable values of R1
21| fact that CMOS gates readily osciilate With the values shown a frequency  and C1.
i e
B .
- Tech-Tips is on idens forum and is not aimed at the beginner. Wae ragrel we cannat anawar
e queriss on thesa ltoms.
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oy ussd witl be paid far. Drawingt shauld he 33 cldar as pessihleand the tuxt should prafarasly =
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Chlip streamiines
audlo VCOs

Engineer’s newsletter

Whether as a home-computer audio output or in an electronic music
system, a voltage-controlled oscillator with an exponential output is useful
for making a variety of sounds. Numerous ways of building the device
have been proposed, one of the latest having come from Jim Williams
[Electronics, July 28, p. 136]. But it turns out an integrated circuit is
available that does the job of Williams’s oscillator with,far feyer parts, at
less expense—and without a heater. e '
According to Douglas R. Curtis of Curtis El\cctroh%usic Specialties Inc

the CEM3340 is a voltage-controlled oscillator:thafcan. be swept over a
frequency range with a ratio.0f.50,000:1 minimum, producing either an
exponential or a linear output. The IC is also> fully temperature-
compensated. For further information, write to Curtis at 110 Highland
Ave., Los Gatos, Calif. 95030;’?1-5‘6@11 lim at (408) 39553350 =
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Modified function generator
yields linear VCO

by Antonlo Tagllavini
Bolagna, ltaly

Because of its wide sweep capability, the Intersil 8038
integrated function generator is useful for realizing a
voltage-controlled oscillator with a sine-wave output.
But because of the limitations of the 8038's integrated
current sources, its frequency-versus-voltage character-
istic is nonlinear over a gaod part of its sweep range, As
Fig. 1 shows, however, the tuning can be made linear
over the entire audjo range if an extemal operational
amplifier is added before the function generator’s con-
trol input,

The 8038 contains two current sources, One is always
operating, supplying an external integrating capacitor
with a constant current I. The other is switched on and
off by a level comparator, supplying the capacitor with
a current 21 when on. Therefore the capacitor is
charged by I and discharged by -I, producing a sym-
metrical trangular wave (which is then converted into a
sine wave) with a frequency that is proportional to cur-
rent L This current does not vary linearly with the input
voltage, and therefore the relationship between input
voltage and frequency is not linear,

To linearize the relationship, the timing voltage is ap-

plied to the control input terminal of the 8038 (pin 8)
through an operational amplifier, as shown in Fig. 2.
The op amp drives the integrated non-switched current
source, and becapse the voltage fed back to the invert-
ing input terminal of the op amp must equal Viq, the

8038 WITHOUT 0P AMP
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1. All stralghtened out. Voltage/frequency characteristic of the In-
tersit 8038 voliaga-conirolled audio-frequency oscilfator Is not finear
But if the Input veltage Is applied to tha BO38 through an cperational
amphfler, with feedback through one of the integraled current
sources on the IC chip, the tumng curve becomes a straight ine
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2. Line stralghtener. Linear VGO clreuit uses 741 op-amp input to linearize one of the two current sources in the 8038 lunction genarator,
Because tha two sources gre inherently matched, the second source tracks the first and also gives linear currant-to-vollage resporise, Out-
put op-emp buffer provides low oulput impadance Pols shape sinusoldal output wave form and malniain linearity at low frequencies.
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current supplied by this source varies directly with Vi,
The two integrated current generators in the 8038 are
inherently matched, so the switched source tracks the
non-switched one and therefore is also linearized. The
switched source drives a current inverter/doubler that
provides the current -21.

The 1N753A zener diode protects the control mput of
the function generator IC aganst voltages more positive
than +0.6 volt and more negative than -6.2 v. The out-
put operational amphifier 1s merely a buffer, and may be

omitted if low output impedance 1s not required.

Three potentiometers permit shaping of the ontput
waveform. First, at a high frequency, P, is adjusted to
obtain a symmetrical wave shape (square wave from
pin 9). Then P, is set for best sinusoidal output. Finally
P is trimmed for good symmetry at the low-frequency
end of the tuning curve. The offset adjustment, Py, is
then adjusted to provide tuning lineanty.

With component values shawn, the VCO covers the
entire audio range (20 to 20,000 hertz). O
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Antilog function generator
keeps VCO output linear

by J. A Coennelly and C, D Thompson
Gaorgia Institute of Tachnology, Atlante, Ga

Accurate voltage control of osallator frequency is cru-
cial for such applications as electronic music synthesi-
zers, filter test circuits, and phase-locked loops. In the
voltage-controlled oscillator (vco) described here, each
l-volt change in the control voltage changes the output
frequency by one octave with a maximum deviation of
+0.4% over the entire audio range. This precision is
achieved by temperature-compensation and buffering.

Circuit can be built with readily available parts, and
the design equations allow adjustability and flexibility
to meet a variety of specific needs, The total range of os-
cillation frequency can be shifted down one octave, for
example, by doubling the capacitance of C, in the vco.

This vCo is basically a relaxation oscillator: current
source Qs charges low-leakage polystyrene capacitor Cy
until unijunction transistor Q4 fires (at about 9 v); C,
then discharges rapidly, and the cycle starts all over
again. The sawtooth output voltage essentially results
from the voltage across Cy minus a couple of junction
voltages, buffered by high-impedance MOSFET Q;; by
Qs, which carries the current to fire Qu; and by the
unity-gain op amp. Most of the resistors limit transistor
currents to safe levels,

The oscillation frequency is determined by the charg-
ing current into C,. This current, which is the collector
current from Qsg, depends upon the control voltage be-
cause the base-to-emitter voltage Vag 1n both halves of
Qs is derived from the control voltage, thus,

Ic = BIsexp(qVpe/kT)

100 pF
I

where 8 is the short-circuit current gain, Ig is the reverse
safuration current, kT/q is 0.026 per volt at 27°C, and
Vae is scaled from the control voltage V in a voltage-
divider network:

Vae = VRro/{Rin + Rre)

Therefore, the collector current is given as a function of
the control voltage by

_ qRreV _
Io=p15 exp[ ETRm + Foc) Rm)] = fIgKV

In this expression, the scale factor X is just a substitu-
tion that replaces several terms: that is,

- gR1c
& exp[ KT(Rm + R'm}]

Current Ig 15 an antilog function (or exponential func-
tion) of ,voltage, and therefore the current source is
called an antilog function generator.

Because the frequency is directly proportional to Ig,

Sf~KY = foKY

where fp is the free-running frequency (i.e., the oscilla-
tor frequency when control voltage V is zero), The fre-
quency fo depends on the parameters of Qs, the firing
valtage of Qq, and the capacitance of C,.

The value of scale factor K 15 set"by the resistors Ry
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and Rre m the divider network. If K 1s 10, the oscilla-
tion frequency changes by one decade when V changes
by 1 v With the resistance values shown 1n the circuit
diagram, however, K 15 2, so the frequency changes by
one octave when V changes by 1 v

The temperature sensitivity of Ic s compensated by
the temperature coefficient of thermustor Rre,
+0.34%/°C, which 1s equal 1n magmitude and opposite
in sign to the effect of q/LT in the expression for K.

Thus, scale factor K 1s independent of temperature 1f
the thermistor and Qs have equal temperatures. To en-
sure this conditton, the thermistor 1s mounted in ther-
mal contact with the header of Qs.

The tuning curve shows the expenmental perform-
ance of the vco The maximum departure from the
straight-hine relauonship 1s only $0.4% over the audio-
frequency range from 20 Hz to 20 kHz. Outside that
range, the voltage control becomes less precise. O

Radiation monitor has
linear output

by Paul Prazak, Surr-Brown Rasearch Corp  Tucson, Anz
and Lt William B Scoft, Eowargs AFB Cabt

A commeraial silicon diode can be used as a direct-
reading detector of gamma rays and high-energy X rays
in radiotherapy. Besides generating an output that 1s
hnearly proportional to the radiation intensity, the
diode makes a small enough probe to map the radiation
field accurately. The monitonng system of diode plus
two operational amplifiers provides an output voltage
that varies linearly from 0.1 volt to 10 v as the dose rate
varies from 10 rads per minute to 1,000 rads/mn.

The IN3191 or other off-the-shelf diode is operated
m a zero-bias short-circmit mede. Irradiation of the
dicde junction creates electrons and holes that are col-
lected by the depletion gradient, producing a nanoam-
pere current which is proportional to the intensity of the
radiation.

To amphfy the small signal from the diode, a 3521L
operational amphfier with low bias current (10 picoam-
peres maximum) and ultra-low offset voltage drift (1
microvolt/°C maximum) 15 used, As shown 1n Fag [,
the 3521L 15 connected m a current-to-voltage configu-
ration where the mverting input appears as a virtual

ground This FET-input op amp dehvers output voltages
of 100 pv to 10 nullivolts, which are well above the
noise level, The 200-kilohm resistor between ground
and the nominverung input serves to balance the amph-
fier, and the O 1-mucrofarad capacitor stabilizes the am-
plifier by shunting out noise and preventing oscillations
resulting from positive feedback

An additional stage of gamn amplifies the signal to the
desired level. The offset-voltage dnft of this stage must
be extremely low because 1t 1s amphfied along with the
signal Therefore the chopper-stabihzed 3292 op amp,
which has a maximum offset dnft of only £0.3 pv/°Cas
used here. The 100.chm resistor again balances the 1n-
puts to the amplifier. The gam of this stage should be
around 1,000, 1t 15 adjusted by means of the 20-ohm po-
tenuometer so that an output voltage of 0.10 v to 10.00
v corresponds to a dose rate of 10 rads/mm to 1,000
rads/mun at the detector, as shown 1n Fig. 2.

The output voltagé can be displayed on a 3%-digit
panel meter, so that the numerals directly indicate radi-
ation intensity An alternative 1s to use an uitralinear
voltage-to-frequency converter, an optical coupler, a
counter, and a display to completely 1solate the radio-
therapy patient from the montoning and recording sys-
tern An advantage of this approach 1s that the mtegrat.
ing nput of the voltage/frequency converter would
average out any high-frequency notse 1n the system, [
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1. Dosaga-rate melar. Commercial diode is detactor In this highly accurale radiation moni-
for Low-drilt FET-Input op amp amplifies detector current to usable level, and choppear-stabi-
lized amplifier than provides additional galn while minimizing any error causad by ambient-
tempsaratura flusiuations Gain Is adjusted so that oulput voitags Is 1% of Ingldent radiation
intensity in rads per minute, therefore voliage can be displayed on 3%-digit DVM for direct

raading of dosage rata Cost ol parislor this monitor Is about $90

2. Llnoar raspense, Ouiput vollage from
monlor is linearly proportional 1o radiation
Intensity at diode Qver dosage rate rangs
shown, total system error 15 less than 1%
Small size of diode probe permils accurate
mapping of radiation field
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| TWo-chip VCO linearly controls
ramp’s amplitude and frequency

f:y Farrest P, Clay Jr and Mark € Eaton
§ Depariment of Physlcs, Otd Dominion University, Norfodk, Va.

/f This inexpensive ramp gencrator provides a proportional

¢ voltage contro! of bath the period and amplitude of a

 waveform over a wide range and thus doubles as a lincar
voltage-to-frequency converter. Only a few active devices
are needed: two operational amplifiers and a transistor,

) Two dc ‘differential control signals, Vi, and Vi, are
applicd to op amps A, and A,. The output from A, is
VC,+(Vf,—V[,) = Ve, +V, where Ve is the voltage
across ramp capacitor C and after buffering becomes
one of the inputs to A;. The combination of all inputs to

A, yiclds a de bootstrap circuit with 2 controlled offset
voltage. Thus, current ic = (Ve +Vi—=Ve)/Ri1 =
V/R,. and the voltage across the capacitor is*

Yo oo ‘[ "G/Ca)dt = (V/RCE

C, is discharged through transistor Q, at tme T when
V¢, equals the control voltage V,, which is adjustable
from O to 2.5 volts. thus [Va] ma = Vp = (V/R,CDH T
and f = 1/T = V¢/V,R,C,. The 311 comparator has a
trigger output to synchronize external ewrcuitry for casy
operation.

The slope of the control voltage versus frequency in
lalohertz is 1 for 1<V<10 voits. This lincar rclation-
ship holds even for slow ramps (increasing the value of
C,) with small valucs of V¢, Capacitor C, is selected to
maintain the 311's output in a high state long enough so
that C, may be completely discharged through Qi during
the appropriate portion of the cycle. a
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Potontially proportiongd. A twe-chip, ona-iransistor ramp generator IS lineacly adjusled by two dc conlrol slgnals, with V, setting the
ampiitude trom @ to 2 5 volis and V, and V, setting the frequency over the range of 0 to 10 kilcheriz. Preportional cantrol is achleved by
placing ramp capacitar C. In the dc boatstrap cireult of A; and A.. which ensures that constant current I is a function of only Viand R,
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Micropower op-amp

PRLCSION MONOLITHICS, INC. CLAIMS
that their new OP-90 micropower
op-amp sets new performance
standards for similar devices. Al-
though the OP-90%s performance 1s
comparable to that of the OP-07, 1t
draws less than 20 pA—which 1s
17200,000 the current needed for
the OP-07. The OP-90's gain ex-
ceeds 700,000 (700V/mV), and
common mode rejection 15 better
than 100 dB.

In addition to 1ts unusually low
current drain, the op-amp ¢an op-
erate from a single-ended (single)
power supply of +1.6to +36volts,
or from a bipolar (dual) supply of
=0.8 to *18 volts. As a single-
source device, both input and out-
put are referenced to ground and
“zero-1nfzero-out” {no static DC
output} operation 1s possible. In-
put offset is less than 150 pV, so
external nulling 1s not required in
most applications.

The OP-90's low offset voltage
and high gain enables it to provide
preciston performance in low-fre-
quency micropower applications.
lts exceptionally low voltage and
current requirements make the
device ideal for battery and solar-
power operation in such applca-
tions as portable instruments, re-
mole sensors, and satelhtes.

The OP-90 has the same pinout
as the 741, has nulling to V—, and
can be used to upgrade low-fre-
quency equipment that presently
uses the OP-20, ICL8021, HA5141,
LF441, or the OPA21. It ts avallable
as the OP-90GP in an 8-pin plastic
DIP wath a commercial tem-
perature range (At T, = 25°C,
maxtimum offset voltage 1s 450 pV.)
It 1s also available as the OP-90AZ

ROBERT E SCOTT,
SEMICONDUCTOR EDITOR
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and OP-90EZ; those are hermetic
8-pin DIP’s with the former operat-
ing in the military temperature
range and the latier in the indus-
trial range. Both have Vaginax Of
150 pV at 25°C available, Anotf-uer
version, the OP-90FZ, alsoin a her-
metic DIP; that device operates in
the industrial temperature range
and has 250-pV maximum voltage
offset,

Figure 1 shows how two OP-90'
and a CD4066 CMOS quad bilat-
eral switch can be used to make an
inexpensive precision voltage-
controlled oscillator. The oscillator
provides squarewave and trn-
anglular-wave outputs up to a few
hundred hertz, and draws only 50
1A from a 5-valt power supply.

Op-amp IC11s connected as an
integrator. Op-amp IC21sused as a
Schmitt trigger, with resistors R5,
R6, R7 and the associated internal
CMOS switches setting the hys-
teresis to precisely 1.67 volts. The
Schmiti-trigger action shapes ICT's
output into a trianglular waveform
of 3.33 volts peak {(5.00V — 1.67V),
IC2's output 15 a squarewave
whose amphtude swing is essen-
tially zero to +5 volts.

The output frequency for the os-
allator shown in Fig. 11s:

foul = vln(vollsl X 10Hz/V

however, frequency can be var-
red—within imits—by changing
the value of integrating capacitor
C1. R-E



Two-phase v.c.o.
The standard method of obtaining an
oscillator that will deliver a two-phase
output (i.e. sin and cos) is to follow a
conventional oscillator by a phase-
locked loop, thus generating the quad-
rature signal. This has the disadvan-
tage that, if a variable frequency is
required, the capture range of the p.1L
may be exceeded, or there could be a
large phase error.’ '
This oscillator is based on the above
approach, but is a symmetrical version
which does not have a restricted range
or phase error. The circuit consists of
two v.c.os, and pin connections are
shown for the 8038 which gives a
sinusoidal output. The i.cs are driven

from a standard NES5596 multiplier
circuit via a low pass filter. The two
osciliators are locked together in fre-
quency and 90° apart in phase by taking
their triangular outputs to the multi-
piier inputs. A 90° phase difference
between them causes equal d.c. collec-
tor voltages, and any deviation from 90°
produces a voltage difference across the
collectors which restores the phase.
Frequency of the oscillators is varied
by producing a common-mode output
voltage in the multiplier. This is

achieved by altering the bias current.
Thus, the oscillator is tuneable over a
wide range, with nominally zero phase
error.

The frequency adjust potentiometer
and resistors are set to give the required.
range, but the potentiometer can be
eliminated if v.c.o. operation is required.
If sinusoidal outputs are not needed the
cheaper 566 type of v.c.o. can be used.
J. M. Worley,

Colchester,
Essex.
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VOLTAGE CONTROLLED
OSCILLATOR (VCO)
566 ‘

VERY  STABLE, EASY TO USE

TRIANGLE AND SQUARE WAVE
OuUTPUTS. R! AND c¢CI CoNTROL

CENTER FREQUENCY. VOLTAGE
AT PIN 5 VARES FREQUENCY,
IMPORTANT : OUVTPUT WAVE DOES

Nor FAL TO o vour! AT 12
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A SIMPLE V.C, 0“"4 o

This circuit aﬁévgerates siwtooth and
trlangieawaveggrrns"at a frequency set
by an exten%a control voltage.
Cur(ent 50 _‘};cr_';Q dramacurrent I
gj‘rg_m i ||19 d,capac:to fc. Simuitan-
484 ﬁgouslv current,gsource, “Q2 draws the
Qg‘; sime current from current mirror O3,
04‘ this is set up {by R1 and R2) to

» Fde

s 1f~‘§ ;

»
+
-

DAY

é"gﬁ)‘g

4.

ot
)

'CCJ

}5 dliver (from the collector of Q4)

‘twice the current leaving Q2.

“.Hence C receives a current 2 | from
.tfie top rail, at the same time deliver-
t ing [ to the bottom rall, the net effect

~bemg that the capacitor 15 charged by
constql)t current [, its voltage rising
’Iineatlv until the 555's upper trigger
2 po,nt (gﬂt,&}SVgﬂ,js reached,
' & The outputs{pin-3) then goes low,
y as dods the “open-collector discharge
output at pin 7. The latter shunts the
output of the current mfrror to earth,
Dj becoming reverse- blasea and isolat-
ing C.

Now only curtent source Q1 is
connected to the timing capacitor
which is now linearly discharged by
current I, [n this way C-Is altamnately
charged and discharged. When the
voltage on C falls to the B55's lower
trigger pont at 1/3Vee, the output
and discharge pins go high, and the

at

il : Gaue

SQWAVE O/p

l 1
ngon 100n
& ov

cycle recommences; the repetition
frequency 1s determined by the mag-
nitude of |, which isset by the voltage
applied at the input’point A,

With the component values shown,
the frequency range is from approx.

' ELECTRONICS TODAY INTEANATIONAL — JULY 1977

2.5 kHz to less than 10 Hz, as the con-
trol voltage varies from +10 V to zero;
the frequency is directly proportional
to the control voltage. Other ranges

may be obtalned by altering the value
of C

77
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Modified function generator
yields linear VCO

by Antonio Tagliavini
Bologria, Haly

Because of jts wide sweep capability, the Intersil 8038
integrated function generator is useful for realizing a
voltage-controlled oscillator with a sine-wave output.
But because of the limitations of the 8038's integrated
current sources, its {requency-versus-voltage character-
istic is nonlinear over a good part of its sweep range. As
Fig, 1 shows, however, the tuning can be made linear
over the entire audio range if an external operational
amplifier is added before the function generator’s con-
trol input.

The 8038 contains two current sources. One is always
operating, supplying an external integrating capacitor
with a constant current I. The other is switched on and
off by a level comparator, supplying the capacitor with
a current -21 when on. Therefore the capacitor is
charged by I and discharged by -I, preducing a sym-
metrical triangular wave (which is then converted into a
sine wave) with a frequency that is proportional to cur-
rent I. This current does not vary linearly with the input
voltage, and therefore the relationship between input
voltage and frequency is not linear.

To linearize the relationship, the timing voltage is ap-

plied to the contrel input terminal of the 8038 (pin 8)
through an operational amplifier, as shown in Fig. 2.
The op amp drives the integrated non-switched current
source, and because the voltage fed back to the invert-
ing input terminal of the op amp must equal Vig, the

8038 WITHOUT QP AMP

BO38WITH OP ANP

E
o
=
wl
=
=
pr
z
[T

/27— DFFSET
AD)

10 10? 10*
NEGATIVE TUNING VOLTAGE (—mV)

1. All straightened out, Voitage/frequency characteristic of the in-
tersil 8038 vollage-conlrotled audic-frequency oscillator is not linear.
But if the input veltage is applied 1o the 8038 thrcugh an operaticnal
amplilier, wiih feedback through one of ihe integrated current
sources on 1he IC chip, the tuning curve becames a straight line.

P, | niSYMMETRY *L*
INT53A ) )
g2v) +° 500 O 10 k82
i1 ¢ 100 k<2
4TS
1x0
. it SYa-
AN 1 s LETRY
1,000 oF o 9 o ks
I 5 6
15V 8 =t
1k 1 INTERSIL 8038 =" | T
kb “  FUNCTION GENERATOR +
3 |‘* SINEAAVE
» — DUTPUT
" 50 uF
W n ERY
B 10 k0 100 k2 )
OFFSET 3.900 oF Pz SINE
DISTORTIO:
-15 v

2. Line stralghtener. Linear VCO circuit uses 741 ¢p-amp input 1o linearize one of Ihe twd current sources in the 8038 funclion generator.
Because the two sources are inherently matched, the second source tracks the first and also gives linear current-te-voltage response. Out-
put op-amo bufter provides 'ow output impedance. Pots shape sinusoidal cutput wave form and maintain linearity at low frequencies.
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current supplied by this source varies directly with Vyy.
The two integrated current generators in the 8038 are
inhereritly matched, so the switched source tricks the
non-switched one and therefore is also linearized. The
switched source drives a current inverter/doubler that
provides the current -21.

The IN753A zener diode protects the control input of
the function generator IC against voltages more positive
than +0.6 volt and more negative than -6.2 v. The out-
put operational amplifier is merely a buffer, and may be

omitted if low output impedance is not required.

Three potentiometers permit shaping of the output
waveform. First, at a high frequency, Py is adjusted to
obtain a symmetrical wave shape (square wave from
pin 9). Then P; is set for best sinusoidal output. Finally
P; is trimmed for good symmetry at the low-frequency
end of the tuning curve. The offset adjustment, Py, is
then adjusted to provide tuning linearity.

With component values shown, the VCO covers the
entire audio range (20 to 20,000 hertz). ' O



Linear/logarithmic sweep generator

This circuit provides a logarithmic or

linear sweep facility for the Intersil 8038 -

function generator i.c. In the linear
mode Tr, acts as a constant current
generator which charges C, almost
linearly. Transistors Tr, and Tr; reset
the capacitor as the voltage across it
reached about 1/3V_ +0.9V. In the
logarithmic mode, positive feedback

allows exponential charging of the
capacitor. Capacitor C, shunts the
narrow spikes that may occur from the
circuit, and R, sinks a low starting
current without affecting the sweep
characteristic. D, improves the stability

of frequency versus temperature but

can be omitted with R, to extend the
range of the output waveform. Point A

NYYY

has a short positive pulse which may be
processed to reset the 8038 capacitor,
and to sync an oscilloscope. Voltage at
point B must be set experimentally, and
is dependent on V., An overall fre-
quency control may be achieved by
making R, variable.

Sergio Villone,

Turin,

Italy.
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Antilog function generator
keeps VCO output linear

by J. A. Connelly and C. D. Thompson

Gecrgia Instivgs of Techrology, Atlanta, Ga.

Accurate voltage control of oscillater frequency is cru-
cial for such applications as electronic music synthesi-
zers, filter test circuits, and phase-locked loops. In the
voltage-controlled oscillator (vC0o) described here, each
lI-volt change in the control voltage changes the cutput
frequency by one octave with a maximum deviation of
*0.4% over the entire audio range. This precision is
achicved by temperature-compensation and buffering.

Circuit can be built with readily available parts, and
the design equations allow adjustability and flexibility
to meet a variety of specific needs. The total range of os-
cillation frequency can be shifted down one octave, for
example, by doubling the capacitance of C, in the vCo.

This vCO is basically a relaxation oscillator: current
source Q; charges low-leakage pelystyrene capacitor C,
until unijunction transistor Q, fires (at about 9 v); C,
then discharges rapidly, and the cycle starts all over
again. The sawtooth cutput voltage essentially results
from the voitage across C; minus a couple of junction
voltages, buffered by high-impedance MOSFET (2; by
Qa, which carries the current to fire Qy; and by the
unity-gain op amp. Most of the resistors limit transistor
currents to safe levels.

The oscillation frequency is determined by the charg-
ing current into C;. This current, which is the collector
current from Qsp, depends upon the control voliage be-
cause the base-to-emitter voltage Ve in both halves of
(Q; is derived from the control voltage, thus,

Ie = Bls c'xp(quE/kT)

100 pF
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where £ is the short-circuit current gain, Ig is the reverse
saturation current, kT/q is 0.026 per volt at 27°C, and
Vg is scaled from the control voltage V in a voltage-
dwvider network;

Ver, = VRre/fRiy + Rre)

Therefore, the collector current is given as a function of
the conirol voltage by

(]RT(‘V
AT{Rix + Ryo)

In this expression, the scale factor K is just a substitu-
tion that replaces several terms: that is,

_ gRrc
K= exp [ KT{Riv + RTC)]

Current lc is an antilog function {or exponential func-
tion) of voltage, and therefore the current source is
called an antilog function generator,

Because the frequency is directly proportional to Ig,

f“' K‘: = ff)l\’v

where f; is the free-running frequency (i.e., the oscilla-
tor frequency when control voltage V is zero), The fre-
quency fy depends on the parameters of Q,, the firing
voltage of Q4. and the capacitance of C,.

The value of scale factor K is set by the resistors Ry

[(; ‘—“ﬂ]}; exp ] = /)]]:\'K\.
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Voltage-controlled osciltator, Basic circuit is relaxation oscilator
built around timing capacitor C, and unijunction tranzstor. Antilog
function generator (in shaded area) supplies charging current that
varies expanentially wath contral voltage. Tuning curve is 1-octave-
per-volt straight line. It Ry were 31.4 kilohms, tuning curve wou'd te
one-decade-per-volt straight line.
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and Ryg in the divider network. If K is 10, the oscilla-
tion frequency changes by one decade when V changes
by 1 v. With the resisiance values shown in the circuit
diagram, however, K is 2, so the frequency changes by
one octave when V changes by 1 v.

The temperature sensitivity of I is compensated by
the temperature coefficient of thermistor Ry,
+0.34%/°C, which is equal in magnitude and opposite
in sign to the effect of q/kT in the expression for K.

*

Thus, scale factor K is independent of temperature if
the thermistor and Qs have equal temperatures. To en-
sure this condition, the thermistor is mounted in ther-
mal contact with the header of Qs.

The tuning curve shows the experimental perform-
ance of the vCo. The maximum departure from the
straight-line relationship is only +0.4% over the audio-
frequency range from 20 Hz to 20 kHz. Outside that
range, the voltage control becomes less precise. O




ECL IC oscillates
from 10 to 50 MHz-

by Wiiliam A. Paim
Control Data Corp., Minneapolis, Minn.

One of the simplest of oscillators, the emitter-coupled-
logic type outlined in Fig. 1, uses one third of the cir-
cuitry of an MC10116 EcL mtegrated circuit. Besides
the IC, the only elements required for the oscillator are

resistor R and capacxtor C. The frequency of oscillation
equals 173.4RC."

Details of the oscillator are shown in Fig. 2. Transis-
tor Q, is a constant-current source for the differential
amplifier made up of Qs .and Qs The output signal,
taken from emitter-follower Q; at pin 2, is fed back to
Q4 as the oscillator reference voltage at pin 4. Thus,
pins 2 and 4 are always at the same voltage, and they
switch between the ECL levels shown in the waveforms.

Operation of the circuit is indicated by the waveforms
of voltage at pins 2 and 4, and at pin 5. The capacitor
charges and discharges through resistor R when pins 2
and 4 go higher or lower than pin 5. When pins 2 and 4

109
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-52v

1. Osclilator. Extremetly simple connections to emitter-coupled-logic
IC result in an oscillator that provides square-wave output. Adjust-
ment of R tunes frequency across a range of 10 1o 50 MHz. Different
R and C permit band-switching over a 10:1 range of frequencies.

are high, Q4 conducts and Qs is off; the capacitor
charges up until Qg starts to conduct, whereupon Q,
cuts off and the voltage at pins 2 and 4 drops. The ca-
pactitor then discharges; when the capacitor voltage gets
low enough, Q starts to conduct, Q5 cuts off, and the
voltage at pins 2 and 4 jumps up. Thus, the capacitor
voltage at pin 5 chases the voltage at pins 2 and 4, but
never reaches their level because of the limited gain of
the amplifier (approximately 8).

Values of R and C are not critical. The resistance of R
can be as high as several kilohms or as low as 20 ohms,
As R becomes smaller, pull-down resister Rpp must also
become smaller to keep emitter-follower Q2 in conduc-
tion. For maximum oscillation frequency, R can be 20
ohms and C a few picofarads. The adjustable oscillator
in Fig. | oscillates at frequencies in the range from 10 to
50 megahertz. Other choices for C and R can produce
osillation at frequencies ranging from audio to vhf.

The frequency equation is inaccurate at the upper
ranges because of propagation time, stray capacitance,
and the difference belween charge and discharge im-
pedances presented at the output. It is desirable to buf-
fer the oscillator through a second stage of the ECLIC.

Use of a varactor diode in place of capacitor C, as
shown in Fig. 3, makes the circuit a voltage-controlled
oscillator. A varactor with a capacitance range of 10:1,

QuTPUT .

R 3
Rep ]
5
-52y
CI
113 0F MC10115
52V
VOLTAGE AT —09V-
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—» TIME
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2. Oparation. Circuit diagram shows how ECL oscillator operates.
Qutput voltage is fed back to Q. Capacitor voltage at pin & tries o
reach voitage at pin 4, causing output o switch belween diferent
ECL levels. Oscillator can never hang up.

such as the MV1401, works well. Coupling capacitance
Cc can be much larger than the diode capacitance, or
can be chosen to limit the range of deviation. The os-
ciliator in Fig. 3 operates at (15 +10) MHz for a voltage

swing of 0 to 5.2 volts at the vCO input. O
4 2 __OuTPUT

CONTROL 3
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MV 1401 1002
22k 52V
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3. Voltage tuning. Varactor diode in place of C makes circuit a volt-
age-controlled oscilator. This VCO operftes at (15 £10) Mbg.
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current and @?ﬁjﬁ%ﬁ?&”mq}) will be very
nearly identical, and this identity will hold
good over a'wide current and temperature
range. «Q;hough this 15 an integrated
arrangement, discrete transistors can be
used 1f tlieir characteristics are reasonably
closely<inatched,

In séveral circutts of the type shown in
Fig. 4,ftl}e transistors used in the numic
circuit ::\qcrc BC184s in which the base-
emittel; forward voltage drop was matched
by selection to gbout 10mV at S0uA
f':)rwnrd current (1 2., say 0.58V to 0.59V).

Sk

LANTS

transistors fo choose from. Although
BC184s were used, any other symilar
smalf signal silicon devices would serve
just as well,

The performance of the circuit shown
i Fig. 4 is given in Fip. 5. The relationship
between the control voltage and the
frequency had a lineanty better than 1%
per MHz, and the frequency stability was
as good as that of the authors signal
generator during a six hour measurement
period.

In view of this encouraging pérformance,
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of .the transistor junctions™ré s, Thiss ii€onvenient, But notdifficultsfone . at mednsHWaS sought fék, aVoding the
frimmed to suit, the two'currents (theiifiput <« *has" a ‘Voltmetes ‘andd i or eight similar
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inconvenience of}hqwngtd"st‘elect amatch‘éﬁ"%a P
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out the expense wmvolved n the use of-a
matched-pur  device. The solution was
found in the use of an 1.c. transistor array
of the type contained in the RCA CA3046,
of which the internal circurtry 15 shown in
Fig. 6 In this panticular cese the array
contains all the active components needed
to make the v.c.o. circuit, includng a
matehed par of transistors. The circuit
arrangement 1s w Fig. 7, for which the
necessary interconnections across the base
of the CA3046 are shown m Fig. 8.
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S bl Fig. 6. Layout of translistors and pin
= connections for the i.e. transistor
array contained in the RCA CA3046.
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‘fF:g‘g. 4. Circult of the w.c.0. using

=discrete transisiors for the current mimic

« Circultry.
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Fig. 7 Circult arrangement
Jor the v.c.o. using the L.e.
transistor array in Fig. 6.
Numbers in brackets refer to
piu connections.

Fig, 8. Connections to the CA3046 which complete the circuit shown in Fig, 7. The
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Fig. 9. Control characteristic of the
v.e.o inFig 7.
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timing capacitor of 5pF, end with the
other values as indicated, is shown in
Fig. 9. The lincarity of this arrangement is
as good as that of the circwt in Fig. 4, but
the long term stability of the Fig. 4 circuit
is slightly better. Severn] CA3046 units
were tried and gave identical free running
operating frequencies.

Typical applications

A simple phase locked loop configuration
built around this v.c.0. and suitable for use
as o high quality fn. demodulator, using
an fet. as a synchronous chopper type
phase sensitive detector, is shown in Fig, 10.
An amplitude limited input r.f. signal, of
nominal 10.7MHz frequency, and of about
500mV amplitude is desirable for correct
operation of the system. The output adf.
signal will be about 20mV for 73kHz
deviaton, with a second harmonic
distortion content of about 0 07%.

An arrangement usable as a low
distortion frequency modulated signal
geaerator if a suitable low distortion sine-
wave modulation signal is appled, or asa
“wobbulator” if a sawtooth input signal is
provided, is shown in Fig. 11. Increasing
the capacitance of the timing capacitor
will provide a proportional reduction in
operating frequency, allowing the system
to be used, if required, down to nudio
frequencies, as a voltage conirolled oscilla-
tor in electronic organ and similar applica-
tions.

As a final provocative thought, since it
is possible to build voltage controlled
oscillators (and phase locked loop demodu-
Iator systems containing these) whose
lincarity, over the 75kHz bandwidth
normally used for*fim. transmissions, is
better than 0.1%, by some margin, is not
the ball mow in the court of the broad-
casting authorities to take note of this, and
improve their fim. transmission quality?

Books Received

Nolic and Modulation are two books by F.
R. Connor and 2re respectinely the fifth and
sixth in a series of books on introductery
topics in elecironics and telecommunications,
They are texs designed to assist students
prepating for university degree examinations or
for courses at a similar level “Noise™ presents
a8 suivey of the varicus condibons of electreal
nolse followed by mathematcal wleas con-
cerning random variables. Circuit noise, nowse
factor and nofse temperature are thzn con-
sidered, Finally, there Is & comparative study
of some important communication systems.
“Modulation” provides a broad outline of the
mBit important methods ysed in practice.
Atdldgic methods such as amphtude and
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Fig. 10, Phase locked loop configuration built around the v.c.0., suftable for use as an
Jum. demodulator. The fie.t. is used as a synchronous chopper type phase sensitive
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Fig. 11, Using the v.c.0. In an arrangement Jor a low distortion fin. signal generator,
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frequency modulations are first considered and
this is followed by phase modulation and the
vanous types of pulse modulaton. There is a
final chapter on demodulation at the receiver
The material in both books is relnted to modern
practice ond a number of worked examples are
intluded, Both books cost £1.10, and have
approximately 100 pages each. Edward Amold

. Ltd, 25 Hill Swreet, London WIX SLL.

The Directory of Instruments, Electronies &
Automation 1973 (ninth edition) contains
collated information on manofacturers, teade
names, cquippent and components fn the
electronics fneﬁﬁs{ry. Sections come under the
headings diary bl cvents, associntion addresses.
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who buys, UK. agents, trade names, many-
facturers’ addresses and a buyers’ guide, Price .
£7. Pp.328 Morpan-Grampian  (Publishers) ,’ Py
Ltd., 30 Calderwood Street, London SE18 6QH. 1"

Recent nddibons to the Foolsham-Tab books
on clectronic topics and published by W.
Foulsham & Co. Ltd,, Yeovil Road, Slough, .
Bucks, are’ i
How to Solve Sohd State Circuit Troublesy,
by Wayne Lemons, Price £1.75. Pp.304. :
How to Bulld Solid State Audio Circvits byas,
Mannie Horowitz. Price £1.75. Pp.320.y 8

How to test almost everything electronls by* ©”
Jack Darr, Pricad 0“Pp:1691 ’
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by t‘Cathode Ray”
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b ¢.would probably be flattering mysell
cxcesswely if I imagined for one moment
“cthil, when Messts Banthorpe, Ellis and
= w%hltchead‘ appealed for the direction of
*'un electric current to be deemed to be the
%ame s that of the electrons composing
: e "eaid current, it entered the heads of any of
o{t]\nm to think “Well, anyway, old Cathode
<5ei~‘.ay will back us up”. If, however, the
{question of what I would be expected ta
B ,ahink about it had been put to them, as &
- &5‘ u;or matter of academic intercst, they
2 mtght confidently have claimed me gs a
5 ﬁpotentml ally, since in so far as I am well
{p. “34 known at all I am well known as one who

0w dccldcs on circuit conventions by

processes of logic and common sense
rathcr than by what is generally accepted.
\o hey might have quoted as evidence my
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;v,strong support for the heretical doctrines .

i of M, G. Scroggic on phasor diagrams and
hc:r mass of related conventions. Beside
% +%“this complex thesis, the case for abolishing

« 1 Nthe conventional direction of current flow
. 8%4¢ in favour of the direction of electron flow

# »9.% (they would say in chorus) 15 simplicity
8 u{{, " {tself as well as being exquisitely lopical

s7¢- ond commonsensical. Se C.ihode Ray
§ crmld not but stand shoulder to shoulder
mth them.

Tt is true that their case was severally
= put forward in terms that nearly brought
tears to my eyes. I'm surc they meant well.
And I hope they won't take it too hard
when they find that their idol (self-fattery
againl) has feet of clay (Daniel 2, 41-43).
But it is a fact that I find myself having
&% more in common with what Thos.
"< Roddam dwertngly proclaimed from the
% . next bed to mine in the Geriatnc
. Technologists’ Home, as well as with the
. plain Yorkshire words of A. Paroham,
o c&ﬂt also recorded on the p.386 already cited. I
%% hope this revelation of my reactionariness
ﬁ? 4 will not cause & mass defection from the
\:v s ranks of my followers (il any) — at least,
't-,; not until they have rcad right through to
% the end, whech is not far distant.
“%. Roddam argues agmnst reversing the
¢ Mysital convention (.., “current” opposite to
Ef m} clectron flow) on the grounds that (a) to
: do so would cause a great upset (at which
fa”*" he hints by poting out that among other
%}rthmgs it would make nonsense of all diode
and trans:stor symb%) apd (b) (although
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one suspects that he personally might find
such an upset quite amusing) there is
really no need for it of only we stopped
bothering our heads wvnnecessarily with
charge carriers, which can salely be left to
the electronic device makers, and dealt
simply n fields and “current tracks™.

But you may not be ripe for accepting
such z revelutionary plan (and I wouldn’t
blame you). In that case you must
meditate on the fact that not all electric
charge carniers are electrons. In this
respect electricity differs fundamentaily
from air and water, held up by Banthorpe
as examples for it to copy. And although
Ellis may not be able to satisfy his
commendably inquisitive students on why
there are two kinds of current (unless he
has a hot line to the Creator) he cannot
deny the fact. A great many carriers are
holes and positive ions. So the choice of
which to regard as positive for the purpose
of specifying direction of current flow is
arbitrary anyway. Even if we yielded to
the entreaties of the cnemies of the current
Gin two senses) convention and overthrew
it we would not md owurselves of the
anomaly of some charge carriers flowing
the wrong way.

The answer that would undoubtedly
emerge from Messrs Banthorpe, Ellis and
Whitehead is that, as practical current
carriers, electrons are in a large majority,
having w1 metallic circuits at least a virtual
monopoly; and that should decide the
matter. The sacred cause of Democracy
and all that. Students would still have to
fece the fact of current carners {lowing in
the opposite direction to the currents they
carried, but less often than at present, and
every little helps. Whether that little would
be enough to justify reversing very nearly
all the books is a big question, however,

Perhaps it would help to answer it il we
went on to a point that the current
revolutionaries don't scem to have
considered, or if they have then not
enough. Suppose we did what they said
and ngreed to cnll the posmvc direction of
electnic current the direction in which the

electrons composing that current werey

flowing, or, f the flow was of positve
carriers, the oppositc direction. Would
students be any less confused than they
are now If they were told that the positive
direction of current was the direction in
which negative charges were flowing, or

™
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a Whi“ch Way Does Current Flow?

W
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ome thoughts arising from recent correspondence

opposite to the direction in which positive
charges were flowing? Or that (as
suggested by Banthorpe) current flows
from negative (L.e,, a deficit) to positive
(surplus), like water doesn’t flow from the
bottom of 3 well to the top of a hill?

Too much, too late

On the reasonable assumption that the
students would be even more confused by
this, the reyoluttonaries would be driven to
deciding to call electrons positive charges.
That would have been an excellent idea 75
years ago when electrons were discovergd.
But now? The im#gination boggles. As my
fellow perintric has pointed out, all
rectifier, diode and transistor symbols
would necd to have their arrow heads
reversed, The electric fields would have to
be changed around too. All those + and
— things in books on electronics would
have to be interchanged. There would be
great fun in deciding whether your car
battery had been made before or after R
Day and so whether red should be taken
to mean black and vice verss, or not. And
what about Fleming's right and left hand
rules? And the corkscrew rule? Would we
have to reverse magnetic field
conventions? As n the sdministration of
VAT, problems would multiply as one
went along. Before we were finished, the
operation of changing Britain over to the
right-hand rule of the road would look
simple and straightforward.

Believe me, I'm truly sorry td be
numbered with the reactionaries, but in
this matter (as the key worker says when
he downs tools for & 50% ris¢) I have no
alternative.

Reference
WWireless World June, 1973, p294 and August,
1973, p.386
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Voltage controlled

oscillator

This exponential law voltage-controlled
oscillator, which produces a linear ramp
output waveform, is based on a circuit
idea by J. L. Bride, Wireless World June,
1976, This design Is perhaps more
suitable for use 1n sound synthesfzers
because it has high frequency stability
and & provision for synchronization to

current to C,. If the temperature rises,
the Vi, of Try, and Try, falls at a rate of
about 2mV per deg C. The fall in V, of
Tr,, is fed back via IC; to IC, and causes
the applied V,, of Try, to fall which
lceeps I constant Preset R, adjusts the
amount of feedback, and hence the
temperature stability. The circuit
exhibits a maximum instability of
+0.1% to =0 2% over a 24 hour period
Both R,; and Ry should be multi-turn

— T —————— i ‘1‘:{ =
5 to 10V pk. This signal is differentiated
and the resulting spikes control the
threshold voltage of the 555, Resistor Ry
sets the minimum frequency, Ry seéts
the average output level to zero volts
and R, R, provide coarse and fin

frequency controls respectively.
Equivalents for the MD300 are a BFX11
or BFX36. If either of these are used, Rys
should be reduced to compensate for
the lower Vi,

another oscillator. components. T. W. Stride,
The 555 timer is used in the astable A synchronizing square wave signal g, Albans,
mode, with Tr;, supplying a constant may befedin at Rjg with anamplitudeof  Herts.
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Miniature switch mode
power supply

This unit was designed to fit nto the
battery compartment of a small tran-
sistor radio or calculator. In operation
C;. Dy and D; produce 15V d.c across
the smoothing capacitor C, This forms
the supply for a one transistor inverting
circuit and D, returns the magnetising
current to the supply during the napa-
tive half of a cycle, The output 1s
isolated from the mamns mput and,
provided that the transistor and D, have
sufficient heat sinking, will stand an
Indefinite short or open circuit An
inverter frequency of 13kHz permuts the
use of a small transformer such as the
Phillips P14/8 337 pot core. Wire size
should be 37 gauge and the primary
windings are bifilar. The unit requires
an earthed shield to reduce radiated
switching noise

M. Faulkner,

Queanbeyan, NS W,

Australia.
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| amplifier

The circuit shown in Fig (a) offers a
12dB improvement mn signal {o noise
ratio compared with the more traditio-
nal eireuit in (b).
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Dynamic VCO test
detects V-f nonlinearities

by Hanan Kupferman
Cenlury Data Systems, Anahoim, Calif

Cheeking the de response, or static behavior, of a volt-
age-controlled oscillator is ensy enough to do, requiring
only the plotting of output frequency versus a discrete set
of cantrol voliages. But morc often than not the
dynamic, or ac, response 15 the parameter of interest,
cspecially if a small nonhinearity in the voltage-to-
frequency response exists. Fortunately, running a
dynamic check is relatively uncomplicated, as the meth-
od described here makes evident, With it, noabinearities
are quichly spotted, and the frequency at which the
anomalies occur can be readily measured

As can be scen, the input of the vCO is driven by a
ramp voltage that sweeps it over 1ts range of lrequencies,
Its output is then introduccd into a frequency discrimi-
nator, which generates a voltage corresponding 10 the

vCO's dc response. If the range of the discrimmalor is
limited, a divide-by-N module should be used to divide
down the output frequency of the vCo beforchand.

The discriminator’s signal is then applied to one verti-
cal input {channel A) of the scope Appeaning at channel
B is the diffcrentiated version of the sigral at output A.
Thus the scope displays the vCO’s voltage-versus-
frequency/time characteristic and simultancously shows
il the change in its outpul frequency per unit vollage 15
other than lincar The magnitude of the nonlincarity
shown on channel B will be proportional to the ampli-
tude ol the positive- or negalive-going spike created by
the dilfcrentiator.

The frequencics at which nonlinearities oceur can be
measured by placing the scope in the A-intensity mode
to intensify the part of the trace where the irregolarity 1s
suspected (that 1s, the region of the curve A correspond-
ing to the location of the spike on channel B) The
duration of the pulse output at the scope’s B+ port
during each scan, corresponding to the intensificd area
of the curve scelected, is thus used to gate the output of
the vco through ta the lrequency counter, Note that the
accuracy of thc measurement will be mversely propor-
tional to the width of the area that is intensified
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Dynamic response. Tester readly spols nonhingarlties In VCO's voltage-to-frequency curve Channel A of scope displays de respd Csre:/
channel B the dynamic information, whose spike amplitude 13 praportional 1o the magnitude of the nonlinearlly present. Frequency ai fiut ich
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