
CARR'S CORNER

FlgUfB 1. Varaetor dkxfe under two rJifferenr reverse
bias conditions.

42 73 Amateur Radio Today· April, 1993

separaUng !'NO elecllically conductiVe
re gions. Thus, a capacit ance Is
lormed across the junction that is a
lunction of the width of the depletion
zone. And because the size of the de
pletion zone Is a lunelion 01 applied
voltage (compare Figures te and 1b),
the capacnarce of the junction is also
a luncl~ 01 applied voltage. A varac
tor Is a diOde in which this function Is
eManced and stabilized.

Fioures 2a and 2b show !'NO com
mon Circuit symbols for a varactor
diode . In both cases, the nermet
diode "arrow" symbol Is somehow
combined with a pair of parallel lines
representing a capacitor. In some
cases, I've seen a venenr on Figure
2a in which an arrow is drawn through
the parallel plates by eKiending one
side of the arrow symbol. I suppose
that's used to indicate the property of
'veuaereoess.'

several different varactors are list
ed In Table t . seveer of these are al
so easily available in the ECG and
NTE replacement transislor Unes sold
by pans hcxJses that normally deal
with raoto-TV repair shops. Look up
the specs lor NTE-611 to NTE-618, or
ECG -611 to ECG-618 to see if they
are appropliate lor you r application.
Alterna llvely, look up the reptace
ments lor those diodes in the table
l rom the ECG or NTE crossover di
rectories.

Fl{JUrti 3. Vatactor dkxJe IIJfl'J(J KJIIage arcuns.

some cases, one or more of the other
resistors will be a tlimmer potentiome
ter to set the "fine" or "vernier" fre
quency al tho overall circuit.

Regardless 0' which tuning circuli
is used, tne resistors, InclUding the
potentiometer, shoUld be low temper
erure coefficient Iypes in order to re
duce thermal drift . Ordinary carbon
composition resisto rs are probably
not suitable lor mosl applications.

II you wish to sweep a band 01 Ire
eoeoces. te. in a sweep generator or
swept receiver (e.g . panadaptor or
spectrum analyzer), then replace the
. Vrel potential with a sawtooth wave·
form. The sawlooth wavelorm is a lin
ear ramp that ri ses to a sp ecified
maximum voltage, and then drop s
back to zero abruptly. Un'onunately, It
is ra rely the ca se thai lhe sawtooth
voltage range, the desired swept Ire-

Continued on page 44

FlgUfB 2. Varac/or C1iOde symbols.
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this circui t, a cctermcmeter (R1) Is
connected across the vret supply, so
the tuning voltage (Vt) is a function of
the potentiometer wipe r posit ion. In
many cases, a 0.001 Il F to 0.01 ~F

capacitor is connected from the wiper
01 the potentiOmeter to ground in or
der to snull any noise pulses so they
don't alter the tuning (they are. as far
as the diode is concerned. valid tun
ing voltage Signalsl). A series current·
limiting resistor (R1). usually a a val
ue between 4.7k ohms and l OOk
ohms, Is used to protect the diode in
case the voIIage gets to the breakover
point , and also to isolate its capaci
tance from the luning circuil (ctner
wise, C1 would always predominate).
In many cases, a DC blocking capaci
tor (C2) Is needed to prevent the tun
ing vol tage Irom aUecl ing following
circuits , or other circuit voltages from
aflec ti ng th e varacto r
diode tuning lIollag e .
From me point in Figure
aa marked "To Circuit,"
the varactor network acts
like a variable eeceetcr.

A variant circuu is
shown in Figure 3b. In this
circuit the tuning voltage
is only a sman porticW1 of
th e reterence volla ge .
Thus, the tuning voltage ls
p roduced by a voltage di
vider made up 01 three reo
sisters: Rl , R2 and R3. In
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V.ractor Tuning Circuit.

The va ractor diode
wants to see a voltage
that is proportional to the
desired cececnarce. Sev
eral di llerent circuils are
used to provide this lunc
non. some of wh ich are
shown in FtgUres 3 and 4.
In all cas es , the tuning
voltage must be suppied
lrom a refere nce voltage
source that is very stable.
II is normally considered
good engineeling practiCe
to prov ide . Vref from a
separate voltage regulator
thaI serves only the var
ac tor, even when the
maximum value o f the
voltage is the same as the
rest of the Circuit (e.g.•12
vol ls). 'rneretcre. always
use a vottage regulator to
provide the tuning voltage
sou rce pote ntia l. Most
veractoe use a maximum
voIIage around +30 to +40
volts, while many intenct·
ed lor car radio eppnca
tiOnS are raled only to +12
or +18 volts (check!).

The Simplest anct prob
ably most popular circuit
Is shown in Figure 38. In

Joseph J. carr K41PV
eo. Box 1099
Falls Church VA 22041

Using and Stabilizing v ar
actor Diodes

Have you tried to bUy an air vari
able capacitor lor a receiver project
recently? They are very ra re these
days. I've seen them eevenreee in
British electronics calalogs. and In an
tlque radio supplies catalogs in the
USA. but otherwise ii's catch as catch
can. So, what 10 do? Wei, It seems
that commercial radio manu1aClurelS
today use vortage variable capaci
tance diodes. commonly called varac
lars. lor the tuning funcllon . These
special semccocuctoe diodes exhibit
a capacitance across the PN junctioo
that is a lunction of the reverse btas
potential (see Figure 1).

The diode represe ntations shown
In Figures t e and 1b are in the form
01 PN Junction diode block diagrams.
In the N·type region negative charge
carr iers (electrons) predomina te .
wh ile in the P-Iype region positive
charge carriers (holeS) predom inate.
When a reverse bias polentia! is ap
plied , as in Figure te. the charge car
riers are pulled away lrom the june
uco regiOn to lorm a depletion zone
Ihat is oepretec 01 charge carriers
(hence acts like an insulator or "di
eleclric"). The situation is the same as
in a charged capacitor: an insulator
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V.rector

Frequency Retlo
1.6 - 1.8
1.6 - 1.8
3.2·3.7
2.2 - 2.5

or several pounds sterling, piuS a
sh ipping charge 01 £8 lor USA
and Ca nada. it is best to order 25
or so. This translates to $27.38 or SO.

illhe price stiR holds as of pub~cation
dale. Ordering from the UK is reason
ably easy. You can get an internation·
al money order de nom inated in
pounds sterling at many banks, but
the ree might make you puke (my
bank gets $15, whiCh is why I opened
a UK d1ecking a<:COU1l). AJlernalivety.
they will eccect Visa, MasterCard or
American Express cards. The bank
card company will make the currency
conversion lor you , and they use the
rate in effect on the day they make
the conversion. I've used all three
typ es 0 1 card s to make purchases
from UK electron ic and old book
dealers (my other passion), and have
experienced no problems. Give them
the card number, expiration date
and your s ignalure authorizing the
"",,,,,,.

Well , rners thai lor veractcrs. If
you want to know more theoretical
smoke about the subject. then I rec
ommend Motorola Semiconductor's
application note AN847 "Tuning Diode
Design Techniques' (Motorola Techni
cal Li leralure Dist ribution Center.
PCB 20912, Phoenix, AZ 85036). II

Table 1•
Capacitance Rang. Tuning Ratio
6.8 · 47 pF 2.7 ·3.4
6.8 · 100 pF 1.6 -3.3
120 - 550 pF 10 · 14
30 pF 5-6.5

~ .,
>

Type No•
1N5139
MV2101
MMBV105G
MV209

.,
n Ohms

being prctectec. The MVS-460-2 part
Is in a TO-92· lIke plastic package,
while the ZTK33B is In the normal
glass diode package (similar to l N60
devices).

Unlortunately, the MV$-460-2 and
ZTK33B are hard to find in the USA. I
bought some Irom Maplins Prctes
siOnal Supplies in England (P,O. Box
777, Rayleigh, Essex, SS6 8lU, Eng
land) for £0.382 each (as of this writ
Ing £1 " $1.57, but the rate changes
daily so check before sending money
orders denominated in pounds ster
ling) in lois of 25 or more . Unlortu
natety, with a minimum pradical order

pears to be a +33 volt aener diode
that has a -2.3 mVJxC temperature
coefficient. II will provide a nominal
+33 vol! output for all n pul vottages
M greater than 34 VDC. Again, the
temperature slabllizer (which looks
like a diode) is placed in close ther
mal pro~im ity to the veractcr diode

Flf}ure 5. Simple diOde thermal compensation circUIt.

Figure 6. Using a special varacfor /hermal regula/or Ie device.
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"Digital frequency control can be
accomplished by supplying the reference
voltage (+Vref) from a digital-to-analog

converter (DAC) that has a voltage output."

but passes it through an ordinary sm
ean diode (02) that is in dose !henna!
proximity to the varactcr diode (so
they see the same temperature envi
ronment). When resistor R1 Is set 10
draw a correot through 02 sufficienl
to get the Voltage drop into the 0.6
volt region, then the output voltage

+Vref will track the thermal changes
to counteract the change of capaci
tance. In practice, A1 can be the tun
ing potentiometer when diodes such
as 1N4148 or 1N914 are used.

Figure 6 shows a Circuit us ing a
special zener diOde voltage regulator
sold in Europe under bolh MV5-46Q.2
and ZTK 33B type numbers. It ap -

FIgure 4. SawloolMlXod vol/age oorrtJiner Circuit.
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quency range, and the veractor von
age characteristic are in sync w ith
each other. For those situations we
need 10 be ab le to provide a sawtooth
of variable amplitude to set the sweep
width and a DC onset luning vol tage
10 provide the center frequency func
tion. Rgure 4 shows how this might
be done.

The circuit shoWn In Figure 4 uses
three operatlooaJ amplifiers 10 pfO'llide
the combination luning vollage. Op
amp Al provides a vanaoie amp litude
sweep width control 10 change the
sawtooth amplitude. II feedback resis
tor AS is made 10k ohms. then the
OUlpul sawtooth will have the same
amplitUde as the input sawtooth. 11
higher Of lower amplitude is needed.
then adjust the gain of Al by select
in g a curerent RS value: Gain =
-R51R6 = -AS/10k ohms (the ••• indi

cates thai the cr-eon is an inverter).
For tuning voltages to 18 volts, cror
nary 74 15 can be used for A1 through
A3.

Digilal frequency control can be
accompliShed by supplying \tie refer
ence voltage (+Vref) from a digilaHo
analog convener (OAC) thai has a
voltage output. The binary number
applied to the DAC binary Inputs will
set the tuning voltage, which in tum
sets the capacitance of the d iode.
Those who wish to experiment with
low cost components will lind that the
eight-bit National DAC0800 series de
vices (available in most iocar parts
stores n the JamecoJim-Pall display)
Ilril provide 256 dilterent steps 01 vott
age (hence also 01 caceetaoee and
frequency). An op am p Is recom
mended to convert the current output
of the DAC080x to a Voltage (the na
tional linear Data Book gives exam
ple circuits as well as specs tor the
dilterenl devices in the series).

'remperature Compensation

There is one nasty little problem
with the vatactor tuning Circuit-the
thermal drill can be horrible! Accord
Ing to one source. the temperature
ccemceruof capacitance (ppm/xC)
varied ' rom about 30 ppmfxC at - vret
. 30 volts to 587 ppmfxC at »v ret .. 1
volt. Ouch! There are three approach
es to this problem: ignore it; use Fig
ure 5 or FIgUre 6.

The circuit shown in Ftgure 5 uses
a fixed, regulated voltage lor - vret,
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