BY DOUG DeMAW, W1FB

CONSTRUCTION PO_JECTS, TECHNIQUES, AND THEORY

Using Transistors As Diodes—Some Tricks
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Fig. 1~ Examples of NPN transistors used as diodes. Circuit (A) shows a +5.4 Vide regulator. The reguiated voltage may be increased by adding
dicdes, as shown at (B). Circuit (C} Mlustrates transistors in series to provide +10.8 V, regulated. Regulated +5.4 V is also avallable.

(voltage variable capacitor) diode (a.k.a.

Varactor) or a Zener diode, only to dis-
cover that your goodie trove was without those
parts? It can happen at the most critical of imes
— when those parts are the only ones needed
to complete a project. 1 know this from experi-
encel Most of us, however, have a host of as-
sorted small-sighal NPN transistors on hand,
and they can be used as voltage regulators or
tuning diodes. This is nota new trick. Engineers
and radio amateurs have been doing this for
many years. | became aware of this approach
many years age when writing Solid State
Design for the Radio Amateur (ARRL publica-
tion} with renown QRPer W7ZOIl. Some of his
circuits used bipolar transistors for the forego-
Ing purposes. | am aware, though, that a large

H ow many times have you needed a VVC

_ number of experimenters have not discovered

this simple alternative to a trip to the paris store
or the long wait for a catalog order 1o arrive.
Therefore, | want to share this helpful informa-
tion with the readers of CQ.

How It’'s Done

An NPN transistor—such as a 2N3904,
2N2222  or 2N4400—can be used in the exam-
ples given in fig. 1. Circuit {A) shows how to
connect a 2N3904 for use as a low-current voit-
age regulator. Not all small-signal transistors
regquiate at 5.4 volts, as shown. Each transis-
tor has its own characteristics. The maximum
“zener” voltage | obtained was +8. You will
observe at (A} in fig. 1 that positive voltage is
applied through a limiting resistor, R1, fo the
emitter of Q1. The same method is used when
working with standard Zenar diodes, A 2N3904,-
for example, is on par with a 400 mW Zener
digde in terms of the maximum power dissipa-
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tion. The base and the collector terminais are
grounded.

The regulated voltage may be increased by
adding silicon diodes in the Q1 ground return,
as illustrated at {B) of fig. 1. Each diode you add
will elevate the regulated voltage by approxi-
mately 0.7 volt, In this example the regulated
voltage has risen from 5.4 {at [A]) to 6.8 volis
by virtue of D1 and D2.

Two NPN transistors may be used in series
to elevate the regulated voltage from that of a
single transistor. This can be seen at (C) in fig.
1. Two 2N3904 transistors yield a regutated volt-

age of 10.8. Furthermore, a 5.4 volt tap point is

available between Q1 and Q2. This can be an-
advantage in the event regulation is needed at
a lower voitage elsewhere in the circuit. A typi-
cal example would be a VFO power source.

Power transistors in TO-220 and TO-3 pack-
ages are suitable for use as huskier regutators
when used with power resistars of the appro-
priate wattage rating.

1 would be derelict in my reporting if ! failed
to say that silicon junction diodes are also suit-
able as voltage regulators. Itis a common prac-
Hce to use a single silicon power diode as a bias
regulator for the base circuit of a transistor RF
power amplifier when it is configured for class
A or AB linear service. The regulated voltage
i5 0.7, which is the threshold voitage for silicon
diodes. Two or more diodes may be used in
series to increase the value of the regulated
voltage. In essence, we are using the diode
junctions of the transistors when utilizing the
fig. 1 circuits. When diodes are used as regu-
lators, it is necessary to apply the positive un-
regufated voltage to the anode of the dicde.

Transistors as Tuning Diodes
Fig. 2 shows two transistors used as diodes.

Q3 acts as a varicap diode and Q2 operates as
a 5.4 volt Zener diode. This circuit provides an
example of a VFO that operates in the 40 meter
band. The igolating buffer and amplifier stages
have not been included in order o simplify the

“iliustration.

Q3 causes frequency changes via the
change in its junction capacitance as reverse
voltage is applied to the emitter through R3. In
other words, R3 and Q3 replace expensive,
generally hard-to-find, double-bearing air-vari-
able capacitors.

As is the situation with the voltage regulators
in fig. 1, a point will be reached when the tran-
sistor current levels off and there will be no fur-
ther change in junction capacitance. RFC1 iso-
lates the VFO RF clrcuitry from RF ground. C3
is adjusted to provide the tuning range desired,
by means of 3 and R3.

This circuit was tested with a homemads,
parailel-tuned Colpitts VFQ that operates from
2.3 10 2.5 MHz. Q3 caused a frequency shift of
45kHz. Greater changes infrequency will occur
with VFQOs that operate at higher frequencies,

:such as 5 or 7 MHz.

It is important to recognize that VVC-iuned
VFOs, such as the one in fig. 2, have greater
short-term drift than those which are tuned with
well-designed airvariable capacitors. Asthe Q3
{fig. 2) junction current and temperature in-
creases upon advancement of B3, the internal
capacitance of the transistor changes accord-
ingly. Normally, shoit-term drift stabilizes with-

in the first five minutes of VFQ operation. .

Hence, the thermal problems with real VVC tun-
ing diodes, and transistors used as varactors,
can be tolerated for noncritical amateur radio
applications.

The tuning range of a VFO can be extended
by using two or three NPN transistors in paral-
lel at Q3. Bear in mind that if you add transis-
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UNI-HAT CORPO TION tors, the minimurﬁ capacitance of the VVC cir-
' ENGIEERNG AND MARKETING GROUP _ RipaIvTETRR Y proportion to the number of

transistors used, up to a practical limit {usual-
ly three).

The fig. 2 VFO Circuit
CAPACITANCE Series tuning is used in the VFO of fig. 2. Q3

provides a much greater tuning range in a
TERMINATED SHORT series-tuned circuit than if it were usedinapar-

~, VERTICAL RADIATOR allel-tuned VFO. Otherwise, the fig. 2 circuit is

{Patent Pending) the same as most Colpitts VFOs. Series tuning

Muiti-Band Operation (160-80-40 and 17 Meters) | | requires more Inductance at L1 than when
Highly Efficient Short Radiator using parailel tuning. If a foroid core is select-

Top Loaded...No Traps ed for use at L1, it should be a temperature-

Automatic Band Selection stable type. Amidon {and others) no. 6 (vellow}

Heavy Duty Construction core material is recommended if you cannot

Stainless Steel Hardware obtain a no. 7 core (white). The latter type is

$499.00 Plus Shipping available from Amidon Associates, inc.! The

3816 ROYAL LANE, SUITE 100 | no.7 cores are more stable thanthe no. 6types.
DALLAS, TEXAS 75229 They have a permeability that is slighily greater

(214) 352-4623 FAX (214) 357-6220 . JRUCURUCEUER S but are not designed for
e-mail: n5nug@ix.netcom.com operation above 30 MHz. No. 6 material is rated

for use up to 50 MHz. The completed toroidal
CIRCLE 118 ON AEADER SERVICE CARD inductor should be doped with two coatings of
low-loss sealant, such as General Cement

polystyrene Q Dope. This will lock the turns in
BAMCOM COMMUNICATIONS place to prevent frequency changes caused by
ALINCO-ICOM-KENWOOD-YAESU movement of the turns during vibration or
AEA-MFJ-DIAWA-PRO.AM-MIRAGE changes in ambient temperature. | discovered
ADI-AMERITRON-TE SYSTEMS that Elmer's Glue, or a similar white wood-
VIBROPLEX-AND MORE worker's glue, is safisfactory as a low-loss coil
hitp:/fwww.cginternet.com/bamcom.htm cement. Tests indicated that there was no de-
E-MAIL bamcom @ix.netcom.com gradation of coil Q after the glue had dried, nor

3 ORDER 1-800-283-8686 OR 504-277-6815 was there a discernible inductance change.
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This is an antenna handbook unlike any other—
written by one of ham radio’s most respected
authors, Bill Orr, WESAI. Rather than filling nearly
200 pages with theory andcomplicated diagrams,
CQ has produced a thoroughly practicat text for any
antenna enthusiast. The WSSAI HF Antenna
Handbook is jam-packed with dozens of inexpen-

. sive, practical antenna projects that work! This
invaluable resource will guide you through the
construction of wire, foop, yagi, and vertical anten-
nas. You'll also fearn about the resources and tools
available to make your future antenna installations
easy-to-bulld with world-class results. Don’t miss
out. Order your copy today!

Here’s just a sample of what
you’ll find inside:

» Muitiband dipole antenna designs * Low-cost yagi beam projects

+ Off-center-fed muitiband antennas » A high-gain 2-élement yagi you can

+ All about baluns, tuners, and matching build
networks * What your SWR meter readings are

* Vajuable information on loop antennas reaily telling you

« How anfenna analysis programs can » How to adjust your yagi beam—on the
work for you ground

« A triband quad for 20-15-10 meters « Easy-to-build 160 meter antennas

+ Feedlines and antenna accessories + Latest data on the G5RV antenna

CQ Communications, In.,
76 North Broadway, Hicksville, NY 11801

Fig. 2— Schematic diagram of a practical 7 MHz
VFO that uses an NPN transisfor (Q3) in place
of an air variable tuning capacitor. Q2 is 4 +5.4
V regulafor which is used as a Zener diode sub-
stitute. D2 and D3 serve as a DC switch for VFO
frequency offset during receivae. See fext for
information about C1 through €8. L1 has 53
turmns of no. 28 enarn. wire on an Amidon T68-
7 {white) toroid core, or 56 turns of no. 28 enam.
wire on a T68-6 {yellow) toroid core. Rt is a
10K ohm linear-taper carbon control (see text).
RFCT and RFC2 are miniature Mouser 1 mH
AF chokes (note 3). —————=M»

Q2 functions as a 5.4 volt DC regulator (see
fig. 1{A]). D2 and D3 act as a DC switch to off-
set the VFO frequency during RECEIVE. This
is an important feature if the VFO is used at the
transmitter operating frequency. Without the
offset circuit the VFO will be heard in the receiv-
er. C7 is chosen to provide the desired fre-
guency offset. A 10 or 22 pF NPO capacitor
should be okay for 7 MHz operation. The oper-
ating voitage for D2 and D3 is supplied through
the TR relay or manual TR switch.

VFQ frequency stability will be enhanced if
you use polystyrene capacitors at C5 and C6.
Silver-mica capacitors are less temperature-
stable than the former type. G2, C4, C7, and
C8 should be zero temperature (NP0} disc
ceramic capacitors for best stability. C4 should
be the lowest value that will ensure reliabfe
oscillation {osciflator starting). This will greatly
aidthe VFQ stability. Trimmers C1 and C3need
to be NPO ceramic for best frequency stability.
Small air varfable trimmers are suitable as sub-
stitute componenis.

Typical buffer and amplifier stages that
should follow a VFO are described in Solid
State Design for the Radio Amateur, W1FB's
Design Notebook, and WIFB's QRF
Notebook. These books are available from The
ARRL.2

A quality potentiometer is required for B3 in
order to ensure smooth, refiable operation. |
suggest that you use a 2 watt carbon-compo-
sition control, such as the Allen-Bradiey brand.
Tuning of the VFO will be less critical if you
employ a 10-turn potentiometer and dial
mechanism. Aliernatively, a 180-degree
imported vernier drive may be used with R3to
slow down the tuning rate (available from
Mouser Electronics3).

Summary

If you are a builder of amateur equipment, you
should find the tips in this article helpful. Bo not
be afraid to experiment with various fransistors

4 _ for regulator and VVC applications. You may

wish to develop a file that indicates which tran-
sistors work best for these applications. You
will find that most small-signal transistors cost
substantiaily less than VVC or Zener diodes. It
pays to be thrifty!

Notes

1. Amidon Assoc., Inc., 3122 Alpine Ave.,
Santa Ana, CA 92704. Phone 714-850-4660
for parts or a catalog,

2. The ARRL, Inc., 225 Main St., Newington,
CT 06111, or ARRL book distributors.

3. Partno. 45KN012 (1.5 in. dia.) or 556-550
{2 in, dia.). Phone 800-346-6873 for catalog or
to order. 73, Doug, W1FB
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MasterCharger® 1a+1a
Electrically ldentical to MasierCharger la =

FOR THE
MONTH OF NOVEMBER

By simply changing adaptor cups, the REPLACEMENT

MasterCharger will charge any Yaesu, BATTERIES
MOtOfOia, icom’ Ken_WOOd, A'IF!CO, efc. Look for December's Specicl of the Month
2—Way Radio Battery Monthly Discaunts Applicoble to End-Usar's ONLY
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if you have itwo different radios
you’ll only need one charger to
accommodate both radios. Now by
simply switching the switch to the
left or right, you can determine
which charging cup to activate.
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