
Simple RF Signal Generator
Add this handy piece of test gear to your bench.

J . Frank Brumbaugh W4LJD
P.O . Box 30 - c/o Defendini

Salinas PR 00751 ·0030

A
gOOd Rr' sig na l ge nera tor
covering fro m be low the 160
meter hand 10 above the I()

meier band with no skips in coverage
is a very handy piece of lest equ ipment
for the service bench in the shad. Top
quality. very we ll shielded signal gen­
erators can cost upward of $ 1,000. hut
such ex tremes arc not needed in the
usua l ham shack.

There arc a number of commercial
signal generators thai an: quite ad­
eq uate hu t sta n at around SlSI) . Thai is
too much money. es pec ially when you
can easi ly hui ld a signal generator that
is as good or better for no IlHJrC tha n
$ 10 or S 15 in parts . not incl udi ng the
air die lectri c luning capacitor and en­
closure. However. you can build from
pieces of unctchcd printed circuit hoard
a better sh ie lded e nclosure than yo u
can buy, and yo u can do it for pennies.

The signal gene rator de scribed here
is at least as useful .IS a $150 commer­
cia l mode l. yet it is very simple. easy
to construct. and (best of all) requi res
very fe w common parts. The only dif­
ficult (read : e xpe nsive ) component
needed is the air die lectric tuning ca­
pacitor. As th is is being writte n. many
sizes arc available from: Da n's Sma ll
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Parts and Kits. P.O . Box .1034.
~t i ssou la MT 59ROo.

I designed this signa l ge nera tor to
usc a 150 pF tuning capaci tor. Danny
lis ts one at 57.50. However. if you can
li nd a 365 pF tun ing capacitor from an
old tube radio or at the bottom of some
ham 's jun k box. it can he use d in se ries
with a 330 pF NPO disc capac ito r in
place of the specified 150 pF capac itor,
Other combinations of vari able and
fixed series capacitors will a lso work.
Or. you could tailor the fou r toroid in­
d uctances to cover the desired fre­
q uency ran ges with whatever lun ing
capacito r you have uvnilablc.

Thi s signa l ge nerator (see Figs. I
and 2) uses a Franklin osc illator at its
heart . Although thi s oscillator requires
two FETs. it is not only foolproof-it
lias to osci llate- hut it is a lso the most
stable wide range oscill ator I have eve r
fou nd.

Further. the Frank lin osc i llator uses
no tapped coils. no capacitive voltage
dividers. and no spec ial pans. The par­
a llel tank ci rcu it is grounded. making
band -switching sim ple. and the four
to roid ind uctances arc switc hed in in ­
d ividuall y to provide full coverage
wi th overla ps betw een hands . There

arc only fo ur re sistors, fou r capaci tors,
and two diodes needed to co mplete
this two- Ffi'T oscillator. in addit ion [ 0

the tan k circuit .
T he osc illator is followed by an FET

source follower for buffering, which
drive s an NPN bipo lar broadband a m­
plifi er. This. in turn , feeds ampli fi ed
RJ-= through an impedance matching
tran sforme r and a -6 d B 50 ohm at­
tcnuator. providing RF at 50 ohms im­
pedance. e ither direct or through a
bui lt-in switched attcnuator. to a BNC
o utput connector o n the panel.

Fig. 2 ill ustrates the at tenuator, RF
from the -0 dB attcn uutor, which ter­

mi nates the ac tive c irc uits. is fed
thro ugh RG- 174/U coax to one wiper
of a dual wafer switch having at least
se ven po sit ions . Attenuator resistors
arc ,....i red onto the two wafers to pro­
vide from zero to -.10 d B atte nuati on of
the RJ-= available fro m the sig nal gen­
erato r. In add ition. position 7 on this
switch provides only a 51 oh m
shiel ded resistance. wh ich is applied
across the receiver antenna connector
when measuring internal receiver noise.
This is not normally a part of a signal
ge ne rator a nd is there fore optional. It
is p rovi ded so a shie lded 5 1 ohm
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Fig. I. Schematic diagram.

termination will be readily available
whenever needed .

The wafer switch I used fo r the at­
tcnuaror docs not have a grounded
shield between wafers. which would
have been preferable. Because of this,
there is bound to be some leakage be­
tween wafers that will affect the actual
attenuation leve l. Still. it docs provide
different levels of attenuation and
maintains the RF output at 50 ohms
impedance .

Specifications

Power supply: 12 to 15 VDC. At
13.8 VDC, current drain is 42 rnA.

Frequency range: 1.6 to 32 MHz in
four bands. as follows: band A. 1.6 to

3.43 MHz; band B, 3.4 tn 7.4 MHz;
band C, 7.3 to 17 MHz; and band D,
15.5 to 32 MHz.

RF output: At 50 ohms impedance,
outpu t is remarkably leve l. Band A:
low end 1.47 Vp-p. At high end. 1.7
Vp-p. Band B: At low end. 1.98 Vp-p.
At high end. 2 Vp-p. Band C: At low
end. 2 Vp-p. At high end. 2.6 Vp-p.
Band 0 : At low end . 2.8 Vp-p. At high
end, 2.26 Vp-p. Note: These levels were
measured as RMS voltages and calcu­
lated for peak.-to-peak equivalents.

Attenuator (decibels) : O. -3, -6. -10.
-20, -30_

Stability: Worst case measured at 30
MHz from a cold start. ambient tem­
perature 82° F. Frequencies were mea­
sured at ten-minute intervals to an
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Photo /1. J..l'ft side \ ';('\1', Entire circuitry is OI I .I/I/(/Il PC board, wirh bandswitchforward.
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l 'hotoA. Front panel l'ie\I '.

accuracy of ± 100 HI. and ro unded oil
to the nearest kHI.. After 30 m inutes.
the frequency had d rifted down 72
kHz. or less than o ne q uarter o f o ne
percent.

Stab ility is a resu lt no t on ly o f the
Fra nklin oscillator hut ul sc because of
the very sma ll amo unt o f heat gener­
ated by the circ uit . With 42 mA at I J.X
VDC. 0.58 watts of heat is generated.
so o nce the sig na l ge nerator has
wa rmed up. there w ill he very littl e
heat-induced d rift . Aiding in thermal
stability is the the rma l inerti a o f the
relatively large tuni ng capaci tor. and
the fairly large to ro id cores in indue­
ranees LI throug h L4. Because C I and
any o ne of the ind uc tances arc the o nly
freque ncy deter min ing c ompone nts.
o nly they can he affected by the sma ll
amou nt o f heat generated by transistors
and resistors.

How it works

QI and Q2 arc asy mmetrically cross­
connected in a way similar to an

_..

astable muhivihrator. Because of to ler­
ances in resistors a nd slight di ffer­
ences in the FETs . the latter w ill draw
sl ightly differe nt current when po wer
is applied . The capacitive cross-con­
nections ensure that oscillation will
begi n immediately a nd be mai ntained
as long as power is applied.

T he parallel tuning tank. C I, and
one of the ind ucta nces, LI th rough L4.
is lig htly coupled to the osc illator at
the j unction of capaci tor C2 a nd C3.

RF is co upled from the drain o f Q2
to the gate of Q 3, configured as a
source follower. Operating voltage for
the osci llator and source follo we r arc
p rovided by U I. a 9 volt reg ulator.

RF de veloped across RFC I is ca­
paciti vcly coupled to the base of 04.
a n NPN bipolar broadband RF ampli­
ficr esse ntially fla t over the range of
the sig nal generator and beyond.
Negative feedback and emitte r degen­
e ra tion arc incorporated to pro vide
broadband amplification. T he o utput
impedance of Q4 is approximately 200
o hms. TI. a 4 : I impedance matching
transfo rmer, injects RF at about 50
o hms impedance to a -6 dB aucn uatcr
to p rovide a stable and so lid 50 ohm
RF output .

RF from the -6 d B attcnuutor is di ­
rccted through RG- 174/U coax to a
co nnec tor o n the rear of the enclosure
fo r usc in mon itoring e xact o utput fre­
quency. Another short length o f RG­
174/U coax takes RF from the -6 dB
auenuato r to one wiper o f a wafer on
the anenuuror switch. Sec F ig. 2. This
switch se lects from 0 dB (the ou tput

from the -6 dB inte rna l auenuator) to
-30 dB in ste ps a t -3 . -6 . - 10 . -20.
o r -30 dB. The wiper o f the second
wafer connec ts to the B:\C RF connec­
tor on the panel. (The next switch posi­
tion . number 7. selects only the shielded
51 ohm resistive termination fo r measu r­
ing receiver noise. if included.I

Const ructio n

I recommend using a sma ll ge nera l
purpose prin ted circuit board for great­
es t case in wiring . I used a Radi o
Shack 27(", I50 PC hoard that provides
more than e nough room for all the c ir­
cuitry as we ll as all four toroid indue­
ranees. O f course. you can build it
"dead bugt- stylc if you \...'ish. JUSL re­
member that freque nc ie s as high as 30
r..1H I. arc pre se nt. so follow good engi ­
neering practice with short leads. and
usc the types or compo nents spec ified
in the pun s lis t. W hen the inductances
arc trim med to cove r the exac t ranges
desired and wired into the ci rcu it. use a
non-acid containing "goop" or bees­
wax to sec ure them to the PC board so
that the)' wi ll not shift or break the tine
wire used to wind them.

I used a 365 pF Lu ning capacitor
from my j unk box uhc last one). with a
JOO pF NPO capac itor in series with it
fo r tuni ng . This method. while provid­
ing the desi red capac itive range. te nds
to co mpress the high frequency ends
o f the dia l. I bent up a bruckct to
moun t the capacitor and added a Jack­
son Brothers vern ier salvaged from an
ancie nt Eico sweep generator. I used a
circu lar dia l p late left o ve r from cu t­
Ling a meter ho le in another project.
with white card stock adhered to one
side. and arcs drawn and calibra tion
added a fter construction. (These arc
not stipulated in the parts list. because
each instrume nt is going to be a little
diffcrcnt .)

I used a Ten-Tee TG -34 e nclosure.
about --1- " x 4" x 3" high. for my o wn
signal generator. a lthough a case made
of unctchcd printed ci rc uit board",
would allo w di scretio n in the size of
the pane l (which determines how large
a dial ca n he used ) as we ll as provide
better sh ield ing . Howe ver. becau se I
bolted my PC hoard with all c ircuitry
0 11 the le ft end of my tun ing capaci to r.
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first listed with the standard 1% resis­
tance values for the attenuator, and
then followed by a suggested 5% 1/4
watt resistor. Actually. little will be
lost in an instru ment this simple if you
use the nearest 5% resistors in these
locations .

However, for the purists out there , it
is possible to make resistors of the ex­
act values by carefully fil ing the bod­
ies of lower value resistors while
moni toring the value of resistance with
an ohmmeter. To exclude dampness
from the filed portions of resistors, ap­
ply some Q-Dopc· , clear fingernai l
polish. or a product called "Hard As
Nails" (used to overcoat nail polish) .
When all toroids are checked and
cover the desired frequencies, use one
of these products to coat them and
hold the winding in place as well as to
keep out moisture.

Q J and Q2 must be the same type,
and it is probably preferable that the
same type be used for Q3. I used
1309s, but 2N44 16 or 1308 should
work as well. The 2N4400 I used for
Q4 can be just about any small signal
NPN transistor as long as the F. is at
least 300 MHz (and preferably higher).

Do nor change the values or types of
C2, C3, C4 , C5, and C6, al though if
you cannot locate 18 pF NPO capac i­
tors for C2 and C3. you can subs titute
15 pF or 22 pF. However, both capaci­
tors must be marked with the same value
and be NPO. If you don' t have an FT37­
43 ferrite toroid for TI , you can usc an
fT5Q-43 with no change in windings.

Where a 0 .1 i1F capacitor is shown in
Fig. 1 in parallel wi th a resistor, use a
monolithic capacitor, ax ial if possible,
and solder it across the resistor before
adding them to the ci rcuit.

For most casual use around the shack,
it will not be necessary to use the built-in
attcnuator. You can just wire a potenti­
ometer be tween the junction of R1 4
and R 15 to gro und and connect the
wiper to the BNC RF output connec tor
on the panel. Adjusting the pol will
change the RF levc l, but the imped­
ance will no longer be 50 ohms. Or, if
you have constructed the switched at­
tenuator described in the ARRL Hand-

General com ments

In the parts list, resistors R 13
through R27 and R30 through R32 are

Photo C. Right side view showing attenuator
switch andfrequency cOUTl ter connector.

and the inductances are all on toroidal
forms, there is a little stray RF inside
my enclosure. Probably only the stator
of the tuning capacitor could be a
source of stray RF in the enclosure, so
I ex pect it is at least as well shie lded as
a $ 150 commercial generator, and prob­
ably a bit better, especially considering
the low level of RF being generated. .

Because of tolerances- no two tor­
oid cores of the same type are identi­
cal, and no two tuning capacitors rated
identically are ever quite the same­
the winding data given for Ll through
L4 arc what worked for me with my
specific cores and particu lar tuning ca­
pacitor and series capacitor. Because
your parts will be somewhat different,
you may have to adj ust the number of
turns on each tuning inductance to get
the proper frequency co verage and
adequate overlap between hands.

I suggest using the winding data
given, but adding a few turns before
checking the frequency range of each
band. Thus, I suggest you start with L 1
on Band A, getting the low frequency
limit a bit below 1.8 MHz, the low end
of 160 meters, and then check the high
frequency end. This becomes the fre­
que ncy a bit higher than what you will
set the low frequency end of L2 at to
provide overlap. Continue in this man­
ner with L3 and L4. Your actual bands
will , no doubt, be somewhat different
from mine, but as long as you can gen­
erate RF from less than 160 meters to
more than 10 meters with no skips be­
tween bands, you will have a stable
and very useful ins trument.
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IR26 7997 Ohms 1.... luse820) I
the inte rnal uncn uator. com bine as fo llows:

I
As designed . thi s signa l generator

"" 5 t Oh ms
can a lso he operated portable wi th c i- i = V/ IR + (j *w*L l]I"" 27k thcr u 9 V or 12 V haucry. Ifa l) V hal- e! · 15 )

R30.R32 292 etlms ' .... (use 300) (Cry is used . e liminate V I. In this c a...e .

I 'J' 17.6 ohms ' '' lU5e ' 8) I RF o utput will be lo wer and will de- The term IR + (j *w*L>J is ca lled im-
.... resistors 1/4 W 5' u"'-U othenlrise no1ed I d ine as the battery ages. pedance. Im pedance plays the same

If yo u desire . you could install all ro le in re lating voltage and curre nt fore, 150 pF a ~ o e eel' lU'WlO eap (~ '1'><'1 )
frequency dia l suc h theLCD as AC as rc sistuncc plays for DC. Wc wi ll

cz-a • 8 pF rsPO (lite (1 5 or 22 pF " K I~tG Dig ital Clock/Countcr' · avail-
sec short ly that cupucitancc may a lsoacct!Pla ble l I

uble from Blue Sk y Engineering Cor n-
I C4-S I enter into impedance.100 pF COG If\O(\OI~niecapac~Ot

-I(X) Blossom Hill Road. Lospany.
For the capacitor. we noted that:e. 56 pF COG 01 " PO do se , Gatos CA 95032. Wruc fo r the curre nt

I C7. 13 0. t )IF monol'lhic, a Xi a' I price-hut he forewarned that th is w ill
V = Q/C vo lts

I 01 ·2
l Ni'I, 4. t N4148 . etc.. s il iCon small

I
probably cost uhou t twice as m uch as

signal diode the rest o f the inst rument. fa
' 03

where
lEO, you. cnooce

Q = the integra l of c urre nt with re-

" DC comeccOl. yoor~
speer to time . measured in coulombs 0

" COtnIlCIOt for heq COI.ntet. your e-cce Y2K Portable J-Pole ampere ...cconds
BNC pat'eI-tnOU'l\ C<lall 'emele

i
COlllin uedJrom page 18

" CO' «:lor
If the capacitor d re-w a n average 0It re main s 10 he see n whethe r the

" FT3N l 1. 29T 030 lsee It"><'I1
year 200() wi ll bring some spec ial. ur- o ne ampere in the fi rst seco nd. a ha l

" T66-2, 45T 030 (see fexa I gent need for ham radio com m unica- am pere In the seco nd. and a q uarte

I" T51)-2, t 8T 030 (see lextl I lio ns. hut I sec Y2K as a good e xc use ampere in the third a nd so forth. the n

I" I
to review a nd upgrade my preparati o ns Q wou ld he eq ua l to I + 1/2 + I /~ + .. ,

T37·6, llT . 30 ISe(! teXI)

for e merge ncy communications. If Now. applying all AC vo ltage, w,
01·3 J J09 (see text) I Y2K turns o ut to he a d ud. there ' s al- obtai n:
0' 2"14400, 2N440 1, 2fIl2W. etc I ways a nother d isaster waiting around.
RFCl 1 rnH RfC the comer somewhere. sometime. If V *s in(w* l) = Q/C..
" SP4T rotary ....lCh I you get ready nnw. Murphy 's Law die- (2- 16)

rates it will happen somewhere else
sa 2P dual .-alet. 7 Of mo<e pos ShouIC

(maybe)! Diffcrcmiuting the above cxpressiohave 1l1'1lded 5I'Ii4oid~ _'et'5
53 SPST lewe Of Shoe SW'1ch I Note : A pa rts ki t co nsis ting of cou- w ith respect to t. we obtain:

n FT37 ·43 , 2 biHar ,~tTllI _30
p ier PC hoard. trim mer capacitor, and
laddcrfinc IS available. O rder #JPK -2 d. Jd= I V *w*C *cos(w*tl l am peres

I"' 78lO9 reglJlal0f I I , ••

from Lcctrokit . -10 1 W. Bogart Rd.• 12-17)
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