
= I
Number 7 on your Feedback card

Low Power Two Meter
FM Transmitter

Inexpensive, lightweight and expendable!
by Carl Lyster WA4ADG

The Transmitter C ircuit

Transistor Q I forms the 12 MHz osci lla tor
and crystal Y I is set on frequency by trim cap
CI (Figure 4) . Zener diode 0 1 regulates the

microphone or other low level audio source.
use the circuit in Figure I. This audio ampli
fier provides the necessary 6 Vp-p output
while consuming only 2 rnA from the 12 volt
supply , Two section.. o f an LM324 quad op
am p are u..cd 10 implement the am plifier. The
firs t stage i.. set for a gai n of 40 and is capac
irively coupled by C2 to potentiometer VR I
which controls the overall amplifier gain.
The second stage is SCi for a gain o f 6 and its
output is fed directly to the transmitte r
through a lo.....-pass filler externally mounted
bet ....een the audio amplifier and the transmit
ter input (C12 and R9 in Figure 4) . The gain
of these two stages was chosen so that the last
stage could he used by itself if a higher level
...ourcc of audio is avai lable. By opening the
trace from pin 8 10 C2. an external signal of
about I volt or better can be injected into the
positive terminal of C2 . If you experience
low frequency rolloff in your transmit ter with
this amplifier. you might try increasing the
value of CII . the DC blocking capacitor in
the external low- pass fil ter (Figure 4 .)

Audio Sccuon

The tran...miner requires a 6 Vp-p audio
input level to obtain 5 kHz deviation. II was
originally designed to interface directly with
my digitized voice ID circuit in Hum Radio.
Feb . '89 . However. if you want 10 use a

circuits to prevent accidental generation of
spurs . The value of each resonant inductance
W3j;, chosen so that the a..sociated trim cap
would be unlikely to resonate on the wrong
mult iple . This tran..miuer i.. not foolproof bul
it should he easily adj u.. table by anyone with
pat ience and ..omc good luck!

FIgure I, Audio amplifier arcunjor microphone or 'me w//I/O mpul.
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A fte r my balloon flight honoring the 20th
anniversary of Apollo II . I decided to

design a simple 2 meter FM transmitter thai
could be buill cheaply enough 10 he consid 
e red expendable. It needed to be lightweight.
to provide a few hundred milliwuus output a l

best and he reproducible with few headaches .
The circuit described here meets all of these
requirements and performs better than my
expectations . The co mple te unit rncasurcs z~

x 4". weighs under two ounces. provides 225
mW of output and is rugged and stable over a
milage rangeof9to 12 VDC.

When designing this device I chose several
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Figure 3. Audio amplifier pans ptacement.Figure 2. Audio amplifierfilii pattern.

components that I koe w from previous expe
rience would pe rform well ar 2 meters : a
2N3866lransistor for a final. 2N5 179s for
the mult iplie rs . double-tuned toroidal forms
for the tanks. and an X 12 freque ncy multipli
catio n scheme Ihat would allow the usc of
Drake TR -22 type Iran..mit crystals (low-cost
and easy to order).

The circuit wenr througb many revisions as
I attempted 10 simplify the tc..t equipment
needed to tune up the t ran ..miner. I spent
ma ny days in front o f a spectrum analyzer
trying to optimize the values of the tuned

Figure 4. Transmitter schematic.
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3.5-20 pF trim cap
150pF d ~
l00pF up
SpF eap
o 1 MFO mmoo......'~lhieUP
15 MFO CiIlP
0.01 MFO d<sl< cap
47pf dISk cap
82 pF dIsk cap

O,OO l jlF dial< cap
wsasea
"'",.
"""",,...7351_
MV2109 vancap
m v. wan
1.5k V. wan
39k '" wan
2200 '4 wan
l OOk '4 wan
3.91< I/o watt
1500 .... Wall
5.1kIlowen
1000 \lo wan
3.31< v. wan
1.01< \10 wan
470 V. ..an
4700 '4 watl
1.2. V. wan
10k V. wlln
lOOk nwnpol
19T n:2on 3116" Ilug-Iurwd .......
l :IT1111I;I'I """""'9 of~ on T37~
STlIad'l.tndI .gorl28on T31·IO
3T IIad'l .-inOing 01128 on T25-12
4T or ~1 on T31·12 C(Q
5T of130 """"'lid on Fe"~e 8ead
6 Fe""e Beads
D'ake TR·22 xm~ crystal

AudiO Amplifier Parts List
LM3U OlHfTlll
O.~71iFI35V Eled
101iFf36V EIecL

""-Slk \fo wall
15k \fo wan
620k II< wall
30k V. wall
lk II< wan
l OOk \fo wa n
101< \fo_

l6 - 41urlll "2 1 on one s id e o r l ll- 12 t oro id

Figure 7. Toroid winding details.

ur
C l .C2
C3.C4 ,CS,R,
R,R,
R3.R7
R.
R5.R9

"''"Blenk PC 8oIl'dS e,e ava ,l_ Imm FAR C"CUlll .
18N640FoeId Courl . Dundee.IL 80118. TorooclCCll'Mand
Iemte beadI_ available !rom Radiokol PO, Box 913-
C. Peltwlm NH03076 , Phone' (803) 635--2235 ,Crysla1 VI
cen be Ob1aoned rrom KWC..,.,.lell. P .O Box 506. Pfague
OK 74864, Pl1One: (405) 567-2285 0' JAN Crystals, PO.
60. 6017. FOri Mye~ FL 33908-6017, Phone: (813)936_
14~, All othe' componenlScan be ob tained from Ci,cuil
SpecoaJists. P ,O , Box 3047. Soon.dale. AZ 85211-3047.
Phone: (800) 528-1417.

An _ .... 100' !he sIug-tuned cool L I IS J W, M_ par1

, 23A336RPC (24Q-,410 IlH) abO avaJl<!tlle h'om Ctrcuil--

Transmitter Parts List
Cl.C14,C15.C21l. 9-50 pF trim c"l'
C17.C19 ,C20,C25

C22,C23,C27
ca
c-
C$
ce.cn
C"
C9.C 13
C,
C,
C l0 ,C I6,C 1B,

C2 1,C24,C26
0 1.02.03
0<.'"
CO

"00.00
Rt ,RBR,
R,
R'
R'
R'
'"..
RIO,R1B.Rll
RU

R"R"
RO<

R"
AIB. RI 9
va
Lt

"ta
l4.l5
ce
RFC 1.RFC2

"vt

Turold uunams.
l 2 - 12 "ltn, # 28 ell[h s id" o r Tll -6 toro id
l 3 - 5 turAi # 28 "1I(h s ide li t U 1 -tO t oro id

l4, l5 - 3 lurns # 28 .. ., <11 side of 125 -12 t o ro Id

is the fi rst 2N51 79 multiplier. The MPS3563
transistors don't perform well above 100
t1.1Hz so they are used only for the low Ire
quency multipliers. Q4·s tank resonates at
144 MHz and is composed of 3 turns each of
#28 wire. There is an output of about 5 mW
here but it lacks spectral purity.

05 is a low power amp that adds greatly 10

the purity of the fi nal output. Its tank is also
composed of 3 turns of 1128 on each winding.
Aboul20 mW of output is available here. Q6
is the final and is limited to just over 200 mW
output by resistor R17. I do not recommend
attempting to get higher power output by
changing this resistor because you're bound
to get instability.

Trim caps C28 and en match lhe out put to
a 50 ohm load and tunc somewhat broadly.
Two RF chokes composed of 5 turns of #30
wire on a small ferr ite bead arc used as a DC
collector supply and a DC path to ground for
the base of Q6. Other ferrite beads arc used
throughout the circuit fo r supply isolation.

Tune-Up

You need some basic lest equipment to get
any home-brew transmitter up and running. I
would recommend a grid dip meter and a
frequency counter as a bare minimum. Start
by installing a crystal of your choice and a
low-power 50 ohmdummy load at the output.
Apply + 12 volts and check for oscillation at
01 . This can be done by connecting a counter
across LI .

Figure 5. Transmitterfoil pattern.
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Figu re 6. Transmiuer pan s placement.
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power supply for the oscillator to 6.2 VDC
fo r frequency stability. C5 couples the output
of the osc illator to the phase modulator
composed of L I and varector diodes 02 and
0 3. Pot VRI sets the DC operating point
fo r the diodes and is summed with the audio
input to provide the modulation signal for
the vancaps . Since phase modulators arc
sensitive to both modulation amplitude and
frequency, audio is fed into the transmitter
through a DC blocking capacitor Ci l and
an externally mounted low-pass filt er com
posed of C12 and R9. Components CII . C12
and R9 arc connected externally between the
audio amplifier (or 6 Vp--p audio source) and
the transmitter due to the fairly large size
of C 12. This filter provides the 6 dB per
octave rolloff needed 10 maintain an equal
deviation versus frequency response. About
6 Vp-p of audio is required to give 5 kHz of
deviation .

The modulated 12 MHl signal is applied to
Q2 where it is tnplcd to 36 MHz. Tank L2 is
composedof 12 turns of wire on both primary
and secondary and has its Q dampened by 10k
ohm resistors on each.

The trim caps on this tank (C14 and C15)
tunc very sharply and mu st be adjusted with
carl'. 02 produces excessive 36 MHz energy
so a voltage divider . composed of RII and
R12 , drops the 36 MHz level applied to the
base of 0 3, the first ctass-C multiplier.

Tank L3 resonates at 72 MHz and is com
posed of 5 turns of #28 on each winding. Q4
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Char les W . P e ar c e , Ph .D .•
K3YWY. author of the above a rti
c le in the J u ne 1990 issue. has
s e nt us a correction .

Refe r to Ta ble 2 o n page 24 . Th e
spacers liste d as 3.5 ~ s hould be
4.5 ~ . Thank you . K3YWY, fo r the
update. III

Once osci llation is confi rmed . loosely cou
ple a grid dipper adjusted to 36 MHz to L2 .
Adjust L I with VR I in center position for a
maximum reading on the dipper being used as
a tuned RF voltmeter. Adjust Ct-i for maxi
mum reading . About 1. 1 VDC should be
present at the emitter ofQ2. Sen ne dipper for
72 MH z and couple it to U . Adjust CI5 and
C I7 for max imum indication on the dip me
ter. About 0.05 VDC should be atthe emitter
of Q3. Move the dipper to L4 and adjust C 1q
and C20 for maximum energy al I~ MHz.
~fove the dipper 10 L5 and adjust e22 and
en for maximum signal al loW MHz. You
should be able 10 see some output at the 50
ohm load by now. Adjust C:!5. en and C28
for max imum output. Go back and retouch
CI4 through C28 for maximum. There
should be a minimum of 100 mW output.
Apply 6 Vp-pof 1000 Hz audio to the input (If
the tow-pass filte r.

Usc a 2 meter rig as a monitor and adjust L I
10 VRI for the best-soundi ng audio. If possi
ble. usc an oscilloscope 10 monitor the shape
of the received sine wave and adjust L1 and
VR I for be!'>! reproduction . These two adjust 
merus interact qu ite a bit so jockey back and
forth to obtain the best possible signal. Also.
set the transmitter on freq uency by adjusting:
e l.

If you monitor the unrnodulutcd transmitter
on a nearby receiver you can detect spur ious
outputs from a maladjusted transmitter. It i.s
always a good idea 10 haw a 2 rueter rig on
whe n making Ih..::se adjustments. Any biza rre
chirps or fluctuat ions in the received signal
are a sure indication that a stage is in oscilla
lion and needs to be rechecked . If at all possi
ble. have your transmitter checked on a spec
lru m anal yzer to be absolutely sure that no
unwanted spurs are be ing: emitted. Mosl o f
the units thai I have built have no detectable
spurs 50 liB down fro m the main carrier.
Your particular transm itte r may require addi
tional filteri ng 10 meet FCC specs . T he aver
age weigh t for these transmitters is ab out 1.5
Ol . with 170 mW of output at 12 VDC. The
current consumpt ion is about 100 mAo

Good tinkering! iii

Number 11 on you. Feedback e.rd

UPDATES

Two Meter Portable Quad
-Correction

100MHzfrequency

frequency 100 MHz

Fig. 3 shows the waveform being connected to
the outside world (read " radiated") by a rear
panel connenctor. There is no digital informa
tion present, yet there is extremely high and
completely unnecessary spurious energy at
about 20MHz. Most spectral lines above
SOMHz are due to residual pickup of AF. even
without connecting an exterior lead, indicating
that a reasonably good radiating antenna is
present!

107 SPECTRUM PROBE
converts any scope into a

100MHz spectrum analyzer

! STOP !

COMPUTER
RADIATION

$199 ",eel
SmRh Design 1324 Harris Rd.

Dresher, PA 19025 (215) 643-6340
ClRCLf. l!i OH READER SE RVICE CARD

lime

The scope photos show the wave form bein~
conducted by ribbon between shielded circuit
and keyboard within a computer, in both time
(fig. 1) and frequency (fig . 2) domain. The
Spectrum Probe is placed directly on the line
and has 1"1() effect on the waveform because of
the low capacity input. Clock and waveform
hannonics are low - but unnecessary spurious
is radiated by this lead up to about 70MHz.

Have you ever observed the situation where an
elecmcoevice tsadversely affected by a nearby
computer? We look at the waveform in the time
domain and think we understand lt.

' 00.'

'OdB
per
DIV

'OdB
per
DlV

'00.'

THE NEW TUBE COfTNT
-lONG KNOW'< FOfI OUAUTY AU
010 l'UlES-4 ..,.,.. 'I'OUA H 0 FOR
2 WA,V ,....- POWIEAn-s.1R.O.''9&
10f15. FfATUflING AfPlACElIENT
F>AATS FOR E......c. VAIl ....... PE O(T,,
G E MOTOROlA. ere
THIS _TH-SSPECIAL:
6'_ ., $11 M OC~25OIl . $1'0
6""' . S1 ~ oo.c'lletypon

..oo • •• •ot>e
TNTiTHE NEW 1\18(
PO IlOX202
~IDOLE VILLAGe . NY 11319 71 8 690< 2131

1ha
naCO
1Ubc!

WITH TEC-200 FILM
JUST 3 EASY STEPS:

• Copy circuit pattern on TEC·200 film
using any plain paper copier

• Iron film on to copper clad board
• Peel off film and etch

COflYftlient 8~ )( II size
With Complete Instructions

SAnSFACT10N GUAIMf"fTEED
5 Sfle.eu for $J.9S JO~tsonly $5.95
add ' 1.2' PO". NY R~•. .tddSll~SI"~

The MEADOWLAKE Corp.
Dept. A. P.O. Box 497Z

Northport . New York 11 768

TNR Technical, Inc .
279 Doug las Ave.• Suite 11 12
Altamonte Springs. FL 327 14

(407)682-4311

CIRCLE 94 ON READER SERVICE CARD

CIRCLE 55 OH RUOEll SERVICE CAl'lO

MAKE CIRCUIT BOARDS
THE NEW, EASY WAY

Cllt<:LE 62 OH REAOER S[AV1C£ CARD

We specialize in CB radio modification
plans and hardware. Frequency and FM
conversion kits , repair books. plans. high
performance accessories. Thousands of
satisfied customers since 19761 Cata $2.

TNR The Battery Store
If You 're Ser ious About Radios
You Want The Best Batteries!

Sanyo Battery Inserts
ICOM Ke nwood

BP·2 $14.00 PB 2500 , $18.00
BP·3 15.00 PB2600 .. , ." 18,00
Bp·5 . . 21.00 PB2400(TabS). 15.00
Bp·7 23,00 PB2tOQ .. , 12.00
BP-8 , , .. 21 .00

Sanyo Nicad Cells
N600 " AA" " $1.50 Ea.
N 270 . . . . . . . •"2J3AA" . . . . .3.00Ea.
NSOOA "2J3A" . . . . . . .3.00 Ea.
N 800AR "A" .4 .00 Ea.
N 1200 SubC" ,4,ooEa,

' SPKlfy SoIde-r h ba
.....' erC.rd VISA F.-- Shipping & Cat.1og

1-800-346-0601
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