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T
he Frankli n oscillator circuit
makes a terri fic frequency con­
trol for ham transceivers. trans­

ruiners and receivers. It is inherently
stable because only the tuning lank cir­
cuit contro ls the oscillating frequency.
Bund-swi tchiug is very simple because
the LlC circuit is in parallel. \·..ith one
end grounded.

The Franklin oscillator is uni que in
that the capacitors and resistors in the
osci llator circui t arc nor frequency-de­
termining components. The values of
the internal NPO capaci tors remain the
same without regard to the frequency
bei ng generated-c-it's a truly universal
VFO circuit.

Al thoug h lhi .. osc illator requires us­
ing two JFET transistors , the actua l
osci llator contains only four XPO cu­
pac itors and four resistors . which rc­
main the same regardless of frequency.
There are no critical pans. no tapped
coils. and no capacitive vo ltage di viders
to provide feedback .

The tuning capacitor and its pa ra lle l
inducta nce . plus a ny nece ssa ry paddcr
and tri mme r capac itors. must be of the
highest qual ity because they are the
only frequency-determining components,
Tbey al so contribute to the inherent

24 73 Amateur Radio Today · Februa ry 1999

stabi lity. The mai n luni ng capaci tor
should have a ceramic frame. he
double-bearing. and have plated. so l­
dered-in hrass plates. As it is re lative ly
large . its thermal inertia adds greatly to
the frequency sta bil ity.

Any variable capacitors used as

trimmers or padders should pre ferabl y
be a ir-dielectric type. although ce­
ramie i'PO trimme rs a rc almost as
good. O f course . fi xed padding capaci­
tors must he l':PO ceram ic-di sc types
of the largest d iame ter you can find .
Because the capaci tors are heated by
the RF current flowing th rough them.
the tota l amount of padding sho uld be
di vided among several smaller-va lue
capac ito rs. and the large-diameter ones
can provide additiona l area and keep
RF heati ng-induced instability mini­
rnal . Th is is not the place to usc tiny
monolithic COG type capacitors!

The coil used is equally important .
T he best would he a so lid ly-mounted
air-wound coil such as the 3 &W
Miniductor" series. but you may he
unable to lind them (hamfests and
swap meets arc a possib le source). AI·
most as good is a coi l wound on a hol ­
10 \\' ceramic form of a diameter which
al lovvs close to a I : I ratio (diameter to

length ) fo r the needed inductance. Thi s
will provide the highest "Q." There
must he no slug in the coi l fo rm .

Most of us hard-core home-brewers
will end up wi ndi ng our coils on iron
po wder toroid cores . The Amidon"
Mix-7 is a good choice . T he T6S-7 has

an AL of 50. and Mi x-7 has a te mpera­
ture coe ffici ent o f 30 ppm/DC. the most
stable mix available today. The T50-7
has an AL of 4 3 if a sma lle r core is de­
sired. However. the larger T 68-7 core
has a greater thermal inertia. a nd aids
long-term stability,

The JFETs you choose should he 01
high quality. though they don't need to
be expensive. Although MPF I02s wi ll
generally osc illate in this c irc uit. they
are no t recommended. Among the
recomme nded J FETs are 21'\44 16.
2N54R6. U31O. 130R. 1309 and 1310.
Other J FETs with a transconductance
of 4000 or more will also be suitable iJ
they have a maxim um frequenc y rat­
ing of 300 Ml-lz or higher. The ( \\.'0

JFETs (Q I and Q 2) in the actual osci l­
lator must he the same type numbe r
hut they don ' t have to be perfectly

matched.
As in a ny VFO. the oscillator must

be iso lated from the load. Normally.
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The schematic diagram of the
Franklin VFO is shown in F ig . 1. The
components and values specified pro­
vide a stable range of 5.0 to 5.5 MHz,
perhaps the most widely used VFO
frequency. Changing the oscillator to
cover other frequency ranges is di s­
cussed later in this article.

Operation of the oscillator, Q I and
Q2, and associated components is un­
usual-I don 't know of any other VFO
circuit like it. The four resistors, R I
through R4, establish operating condi­
tions and the oscillator and source fol­
lower are powered with a regulated +9
V supplied by VI. The tank circuit
(Cll and Ll , and the para llel con­
nected trimmer and padder capac itors,
C 12 through C 16) is very lightly
coupled to the oscillator at the junction
of C I and C2, which arc very small ca­
pacitors. This essentially isolates the
frequency-determining components
from the oscillator and prevents load­
ing the tank circuit, maintaining circuit
"Q." CI and C2 , in conjunction with
C3, cross-connect Q I and Q2 simi larly
to connections used in an astable
multivibrator. Thus, the Franklin osci l­
lator is foolproof-it has to oscillate !

When power is applied, the slightly
different transistor characteristics cause
a tiny difference in current n ow through
the drain resistors, and this starts oscilla­
tion, which is maintained by the cross­
connections of CI , C2, and C3, with
frequency being controlled solely by the
components connected between the
junction of C I and C2, and gro und.

RF from the drain of Q2 is fed
through C4 to the gate of source fo l­
lower Q3. Output from Q3 is taken
across RFCI and fed through C7 to the
base of Q4, an NP N bipolar Class A
amplifier, which amplifies the RF and
provides it through C IO to the follow­
ing circuit being driven by the VFO­
normally a transceiver, transmitter or
receiver.

Here 's what it looks like

Con tinued on page 26

this requires another WET as a source
follower, followed by a bipolar NPN
Class A amplifier.



Here's how to use it
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Fig . J. Franklin VFO schematic diagram,
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2N4416,2N5486.
U310, J308, J309
orJ310 (see text;
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NPN 2N2222,
2N44oo, 2N4401 or
equivalent
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390 ~H (100 to
1Qoo ~H suitable)

78L09 voltage
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100 pF COG
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0 .1 !1F monolithic

56 pF NPO or COG

50 pF air dielectric.
double-bearing (see
text)

50 pF air dielectric
or NPQ ceramic
trimmer
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10, 12 or 15 pF
COG or NPO. Must
be same value .
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Tahir I . Parts list .

Normally, adjus ting e12 will ce nte r
the frequency range of the VFO to
cover the desired span. However. be­
cause of unavoidable stray capaci ties
and component tolerances. incl uding
the winding of L I and the core proper­
ties. it may be necessary 10 shift the
tuning range up or down a small
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+---1'( )
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n

of both capacitors should he connected
to the ground plane with bare wire as
we ll. Capacitors C 13 through C 16 can
he connected with short leads al:TOSS

CI I or CI 2 cr both.
Because CI I tunes fro m 5.0 to 5.5

;\I Hz in 180 degrees of rotation. usc a
vernier mechanism to sloe..· the tuning
rate when using the VfO. They' re of­
ten difficu lt to locate. and ge ne rally
costly when you do fi nd them . As Ibis
IS writte n, Jackson Brothers' hall
drives . 7: 1 and 10 : 1. arc available
from Dan 's Small Parts and Kits . Box
3634. Missoula MT 59806-3634.
$ 13.50 and $15 .00 respective ly.

Similar vernier mechanisms may he
sa lvaged from old Eico. Knight and.
Heathkit test eq uipme nt. Na tional Ra­
dio "Velvet Vernier" mechanisms. al­
though about two inches in diame ter.
can he sa lvaged fro m \Vorld War II·
vintaee mili tarv radio tunine uni ts- . -
used with the BC- 19 1 and BC-375 ru-
dio sets. These units tune vel)'
smoothly. but about the only places to

find them nowadays is in old- timers'
deep junk boxes.

There are also Japanese vernier di·
als. in two small diameters. which a re
available from a few mail -order deal­
ers. These are not as smooth tuni ng as
the Jackson Brothers ' or Velve t Vernier
mechanisms. Cost will probably be
under S15.00.

"RI 1"
t-- ;:+----e

C3_ -+--rl-

Mechanica l stabili ty is of the utmost
importance for all components. The
VFO should he construc ted In a
shie lded enc losure. e ither aluminum or
one made from double-sided printed
circuit hoard materia l with soldered
scams. The uuun tuning capac itor
should he mourned through the fro nt
of the enclos ure. An access hole must
be drilled for tuni ng access to trimmer
C 12 so it call he adjusted from outside
the enclosure . However. if an air-di­
elect ric capacitor is insta lled at C 12. it
will moun t through the top or side of
the enclosure as well.

Although a sing fc-s idcd glass epoxy
pri nted circuit board could he e tched
and drilled for the VFO circuit. goi ng
"dead hug" style with point-to-point
construction is often better. with short
leads. and the transi..to rs and U ep­
oxi ed in place. All ground connections
are made directly to the ground plane.
Because tiny monolithic COG capaci­
tors arc speci fied for C I through C..+.
little space is needed. Besides. the cir­
cuit will he completely hidden inside
the enclosure and no one will see the
"ugly" construction.

Use solid hare wire for the connec­
tions between C II and C 12. and from
C I I to the junction ofC I and C2. Rotors
26 73 Amateur Radio Today . February 1999

The Frankl in VFO
contilluedJrom page 25

Here's how to build it
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quite impressed at their inherent stabil­
ity, even though in most cases I built
them from odds and ends out of the
junk box. Though I' ve never learned
the Franklin oscillator 's provenance, I
can ' t unde rstand why such a simp le,
stable ci rcuit hasn' t had more ex po­
sure in the ham literature. Perhaps thi s
article will give it a well-deserved
boost. fa

amount. Adding or removing a turn or
two from Ll and readjusting C 12 is
the easiest way to manage this. The
tuning range may also be a bit short or
a hit long, in which case more or less
NPO padding capacity may be needed.
When the frequency has been adjusted
as necessary, be sure to put two coats
of QsDope" or clear fingernail polish on
the winding of L I , both to keep the
winding from shifting, and to prevent
moisture from changing the inductance. f-----------------.J
Here 's another way

Because the tank circuit and assoc i­
ated capac itors are the sale determi­
nants of frequency, it will be easy to
tailor the Franklin VFO to cover other
frequency ranges, by substituting other
values for the components specified.
To restrict the tuning range, a fixed
NPO or a vari able a ir-die lectric ca­
pacitor can be placed in series be tween
C I I and the junc tion of C I and C2.
Reducing the value of the capaci tor
used at C I I will a lso reduce the tuning
span.

Here's what I think

70 em Am video IOlOsmitiers
with FM s<'mod

70em,900 & 1200 mhz dm.'n con~erters

Power Amplilil'rs - all mode

The Franklin oscillator will happily
oscillate j ust about anywhere you want
it to. 1 have had a Franklin tossed to­
gether on a protoboard osc illating at
over 30 MHz, but because of the long
leads to the coi l and tun ing capac itor, I
can' t say how stable it would be. In my
case it varied over several hundred
hertz, but if it were solidly construc ted
and shielded properly, it probably would
have proven to be much more stable.
Certainly it would be far better than the
Hartley, Clapp or Colpitts oscillators at
these high frequencies.

I am currently working on the design
of a band-switched HF signal genera­
tor based on the Franklin oscillator cir­
cuit, and if it proves to be as good as I
think it wi ll be, you may see the signa l
generator desc ribed in these pages in a
few months.

I first stumbled across the Franklin
oscillator in a forgotten publication
more than 15 years ago, and have been
intrigued by its possibilities ever since.
I' ve built a number of them for experi­
men ts over the years, and have been
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