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The FA Project
An economical, easy-to-build, 25 watt 2 meter amplifier.

by James R. Valdes WA1GPO

The Falmouth (Massachusetts) Amateur
Radio Association (FARM is well-known

on Cape Cod for i ts hospitality 10 newcomers.
II is also one of the more active groups in
Southeastern Massachusett s supporting two
repealers and a digital NodeILAN. One sub­
group o f the association is the HACKERS. a
group of amateurs who enjoy designing and
building thei r o wn equipmen t. W hen the
HACKERS noted that a majority of the new
members joining FARA were using 2 meter
HTs. we recogn ized that we might entice
some of these new hams into joining this se­
lect group of builders by helping them con­
struct a power am plifier for 2 meters. We did
th is as a gro up project : Those with lools
drilled the holes and those withou t cleaned
and prepped the circuit boards for fabrication
or wound the inductors. Those who had expe­
ri ence bu ilding gear E lmered th ose who
didn ' t. All of the participants co ntributed to
the success of this project.

Th is art icle describes a 2 meter am plifier
capable of running 25-30 watts output . More
than 35 am plifie rs have been procured at a

cost of less than $50 each in these quantities.
Photo A shows the final vers ion o f the cir­

cu it board : the comple ted amplifier is shown
in Pnoeo B. It is designed around one of the
newer bipolar RF dev ices from Motorola. an
MRF l946A (Q I ). This device co mpares fa­
vorably with many of the RF FETs ava ilable
as the MRF I946 is capable of developi ng 10
dB gain at 146 MHz, wh ile the older bipolar
device s (the 2N6080 series ) produce only
about 5.7 dB gain. RF FETs are generally rat­
ed at 13 dB gai n at 28 volts; in the 12-14 volt
range they also yield about 10 dB. The des ign
presented here is u nco ndi tionally stable .
while FET amplifiers require a bias supply
and careful tuning at the higher voltages 10
maintain stability. The cos t o f the MRFI946A
is only about two-thirds that o f the FETs.
yielding the most "Bang for the Buck!"

Circuit Descr iption

Motorola produced an application note (RF
Device Data. Application AN955) for a 150
mW to 30 watt land mobile VHF amplifier in
the 160 MHz range. based on the MRFI 946.

This was the starting point for this design.
Thc schematic diagram is shown in Figure

1. DC voltage into the amplifier is decoupled
by C2. C3. L I. C4, C5. and L2. 0 2 is the re­
verse polarity pro tection diode- if the voltage
is inadvertently reversed . 02 will limit the re­
verse vo ltage to 0.7 volts and fuse FI will
open. protecti ng the amplifier. T he output
stripline (21) described in the application note
was lengthened for operat ion at 146 MHz and
the output capacitor (C IO) was empirically ad­
justed (0 yield an efficicncy in the 7CY* range.
just about what one .....ould expect of a Class-C
amplifier, The input circuit was derived from
the formulas given in the RSGB VHF/ UHF
Manual, This manual is highly recommended
for those interested in VHFJUHF co nstruct ion.
Simi lar examples of impedance calculations
can be found in several edi tions of The Radio
Amateur 's Handbook . This approach was in­
te nded to de mon strate the microstrip vs.
lum ped constant techniques fo r im pedance
matching as one of the more subtle objectives
of the HACKERS group is to provide some
informal education on radio construction and

80! . !j!.... 1 ¢8, M!¢
i "

LlH31Re ', OIjl<l ft!)iji!l! mUIRl>

, . Cl. -eo _. "1'-" c... ...., USl"O .
~l u n' "" Ult<:l11t . _ 0.

J. I "[O~""'[ O~ V~"!OU'I 5' . IIlLI NtS
OCII[M05 "" ~I II~ UI ' '~D ~.' [.I~.
US[ . Of2 I~ ~- ~o <" .[II~"5S-C.OII )

I. "".n,,,,,. _ v .. ..... '"""'-C'u_II> .'HI[""'H.

i ' ........., t M I Sm ..h i 'Ilt •

" " i.. .00' ,-- ,.n ~

r ,
", . ~

.,
, . ~

•.,__---'---J

±1M•
." .­

.o' • ••
. no II'

u n . "_ ....u ..

-- ,-..,

".of • ••
, ' ''' 1 0

-_._.._.._- --

-----

Figure I. Schematic diagram.
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Figure 2. Parts ptaccment diagram.

Photo A. Printed circuit assembly.

design practices. A low-pass filter network
(CI3.CI 4.L5) is in series with the output to
enhance harmonic rejection.

Incorporated into the design is a resistive
input anenuaror network (R2.R3.R4.R51. The
RF power transistor (Q I) is intended to be

driven with 2 to 3 watts input: higher drive
levels will not increase the output substantial­
ly. Most of the older HTs can drive the ampli­
fier directly. but the new breed of high power.
4 to 7 wall HTs will require the input artenua­
tor. When the anenuaror is used. the 50 ohm

microstrip must be isolated at the 10 ohm re­
sistors. Cut the circuit foil at the locations
noted on the parts placement diagram. Figure
2. The aUenuator represents a nominal 3 dB
loss; that is. half of the power is dissipated in
the network. In addition to limiting the drive
power to a safe level. the aucnuator also en­
hances the stabili ty of the amplifier by isolat­
ing the amplifie r from the driver. It also pre­
sents a nominal 50 ohm resistive load to both
units. If the ancnuaror is not required. the net­
work consisting of resistors R2,R3.R4.R5
should be omitted.

An RF-actuated TIR relay (K I ) has been
incorporated into the amplifier. RF on the in­
put is sampled by C16. rectified and limited
by 03. 04. R6. and C17 to tum on Q2, which
pulls in the relay. We considered using solid­
state T/R switching. However. rel ay switch­
ing has the advantage that the amplifier can
be turned orr when it is not required. Con­
verse ly. diode-switched amplifiers must be
powered at all times. This is in keeping with
the spiri t of the FCC regulations that require
radio amateurs to use "the minimum power
necessary to carry out the desired communi­
cations," Relay switching also results in a
more compact. easier-to-duplicate amplifier.
The relay specified in the Parts List is a
small. open-frame style. Its performance is
adequate for 2 meters.

Should you be a "puris t," you can compen­
sate for the inductance of the relay by in­
stalling a variable capacitor (C I5) in series
with the input to the relay. as noted on the
pans placement diagram. This capacitor was
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Figure 3. Primed circuit foi l pattern [component side]. Mewf is shown i ll white, block areas art! the etched surfaces.

FIgure 4. Drilling template.
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not used on our production run. All of the in­
put and output foi l ru ns are constructed of 50
ohm microstrip (Z2·Z6) etched into the cir­
cuit board. The circuit can be modi fi ed for
solid-state TIR switching. A PIN Diode TIR
switch may be a better choice for packet op­
erations. which require high speed switching.
Several articles (including "A 2 Meter FET
Ampl ifier for Your H andheld" by John Cun­
ningham AA4AW. 73 Amalt'j,' Radio Today,
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Oct. 1992. p.20) and the ARRL handbooks
contain examples of diode switching.

A word of caution concerni ng the circuit
board. It must be constructed of 1/1 6", dou­
ble-sided. 0·10 glass-epoxy board with 2 or 3
oz. copper. A full-size negative for the circuit
board is provided (see Figure 3). The side of
the board opposite the stripline remains a sol­
id copper ground plane as it is nOI etched.
Failure to reproduce the board exactly as

shown. with the materials specified. will dra­
matically affect the performance of the ampli­
fi er because the dimensions for the stri plines
arc critical.

Low impedance grounds arc crucial 10 the
operation of the amplifier. A number of holes
(18) must be dri llcd through the board (see
Figure 4). No. 20 wire is inserted through
these holes and soldered 10 elec trically lie
both sides of Ihe circuit board together at the



Pho to B. Completed amplifiu. Photo C. Interior chassis \·iew.

points indicated. Some flux may enhance the
solderability on the ground plane side of the
circuit board. Be sure to use only rosin core­
solder!

Const ruction

Photo C is a view of the amplifier mounted
in the suggested enclosure; it should be noted
that the circuit board shown in this view is
onc of the earlier prototypes. It's a good idea
to usc the circuit board as a template to mark
the ease for the mounting holes before solder­
ing the components 10 the board.

The MRFI946A utilizes an 8-32 stud for
the heat sink and mounts with a single hole
through the circuit board. Take care when
mounti ng the device to insure that no strain is
placed on the transistor's leads when it is sol-

dered. It must fit fl ush on the circuit board. A
littl e thermal heat-sink com pound on the
fl ange of the transistor mounting stud is rec­
ommended to maximize heat transfer. Care­
ful-don't get this stuff on your clothes be­
cause you' ll never get it off! The ci rcuit
board mounts to the case with 4-40 hardware.
Use 4-40 nuts under the circuit board corners
10 space the transistor mounti ng stud correct­
Iy. The heat sink (aluminum channel stock)
and the chassis details are given in Figure 5. I
prefer BNC connectors for the RF connec­
tions as they mount with a single hole and
perfo rm better that UHF connectors at the
frequencies of interest. The LEOs, switches,
and reverse polarity protec tion diode are
wired from the case-mounted components to
the circuit board. Don't forget 10 install the

fuse in series with the DC power pl ug.
Attention shou ld be paid to standard VHF

construction practices. Some pitfalls to be
aware of when constructing the amplifier are:

-Compooenrs should be mounted fl ush to
the board: i.e., the fixed capacitors should be
mounted as close to the foil as possible. Bend
the leads perpendicular to the body after re­
moving any enamel from tnc leads. then sol­
der the components 10 the board with the
minimum lead length possible.

-The wires through the board should be
bent into a ..z:' shape after insert ion through
the beard prior 10 soldering.

-Periodicalty, the fl ux should be removed
from the board during the construction pro­
cess. Pay particular aucntion 10 the striplines

Continued Oil page 18

Figure 5. ChasSIS details.
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-with the large ground plane o f the circuit
board you must be careful that there arc no
cold w ider joints. TIle joints should be shiny
and should pudd le well after soldering : they
sh ould not look crystall ine or like a blob .
Good soldering techniques arc crucial to the
performance of the amplifier.

'Iune Up
Tbc amplifier is quite easy to tune: Only a

DC ammeter (5A full-scale), a 12-14 volt
5A power supply. a suitable RF power meter
(50 watts full-scale], and dummy load are
required. Init ia lly the amplificr should be
tuned at 12 volts with an input power of no
more than I walt. Until the amplifier is com­
pletely tuned. RF should be applied to the
inpu t for no more than th ree to five seconds
at any onc time. Prior to mounting the am­
plifier in the enclosure you should roug h­
tune the amplifier. Be sure the transistor is
mounted to the heat sink when tuning.

Tune the amplifie r as follows:

I . Apply 12 volts, with the ammeter in se­
rics with the positive lead. There should be
no current indicat ed o n the meter. Set the
power swi tch to OFF, then peak the relay
compensating capacitor (CI5 ). if install ed.
for max imum output in the bypass mode.

2. Tum the power switch O N and apply I
watt (as noted). T he relay should pull in .
Tune all capaci tors (C6 .C 7.C I I.C I 2) fo r
maximum output. Do nOI tune the rclay
compensating capacitor lC 15) atthis time.

3. SCt the po we r supply voltage 10 14
volts and Increase the drive to the max imum
2 to 3 watts input at the transi stor.... to 7
wans maximum at the input of the amplifier.
provided the artcnuaror is in place.

4 . Again. tune the capacitors for maxi­
mum output.

Pay attention to the current bei ng drawn.
You wi ll notice a substantial increase in cur­
rent when the series output capacitor (C 12)
is off reso nance. Tune the amplifier for the
best e ffi ciency ; that is. tune for the highest
power o utput consistent with the minimum
current bei ng d raw n. Nominal values arc
about 3.5 amperes at 28 watts ou tput.

Results

To date. the 30 amplifiers we have bui lt
have been a great success! The primary goal
of the Hackers Group---that o f introduci ng
new hams to the con st ruct ion side o f the
hobby-was mer. T hey were ab le to con­
suuct a useful piece o f eq uipment at a nomi­
nal cost and they enjoyed doing it.

This was a group proj ect and everyone
who participated contributed to its success. I
would personally like to acknowledge the
su pport of four individuals: Don NIJ CT•
who hel ped coordinate the project and who
prodded me in to designi ng the unit; Bob
W IHW U. whose expertise in circuit board
fabrication was crucial to the success of the
project: Harry W2RKB . who helped with
the circuit boards and tune-up: and. Ia."t but
not least . John NII LO. who provided the
CAD drawings. iii
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and (he transistor mounting labs. These areas
must be d ean. I f nOI. you may have so me
difficu lties when luning the amplifier.

HO\lE \\EATHER STATIo:'Conl}' $ 179
Ord« by 0«. U and ~. coupon for. SECO....D

CO ' TROL D .ITfor ....mut~-.onI' S49 ( S90 ..hw )
~ f: ", ! Add our PC VATA l.()C,.(; t; R_ _ Onl~· $69

Del. in t.:S. acid SII.25 shipping & i",. NJ~. add 6"1"
Cbec~, VI.~A. Me accq>Iod. Credit ,ud phone orders;

800-USA-PEET (872-7338)
}'AX orders: 908-517-0669

PEET BROS. COMPANY
601·3111 Woodland Rd.. w. AIImhUN S J ani I

O..~J8th Yr"r I'rrr 8roclalrr CI993 ",",, _ .C...

Typ.
0.001 ~F

0.1 IlF
120 pF
68pF
22pF
'pF
2.2 IJF
ARCQ423
ARGO c'\4
3.3k. 1/4W
10ohm,lW
330 otvn. rw
2 .2k.l/4W
MRF 1946 A
2N2222
lED-red
LED-9reen
lN4006
l N914
7T. '18 wound over AS
4T, '183/8' i.d .
2T, '181/8' i.d.
4T. '18 1/4' i.d.
022 ISH wnenile bead
Relay. PIN ME431-QAV·$H·212L
2-pin. JonesITRWtCinch
BNC cneee receptacle, UG1094/U
Bud chests AC·431 , 4" x 6" x 2"
Bud bottom plate. 4' x 6" inches
Heal sink, 2 x t x 4 channel SUlCI<

The ULTIM ETER'II Home Weather
Station protects your equipment, helps you
alert others to dangerous weather extremes

Over 20 Weather Functions
including:

• WindS~ and Direction - Temper3IUI"I" •
Ch ill Iactor - Alarms • Highs f lows / nme, I
dales' Metric I English ' Quick-Mount (no
tools) masthead mounnng s Fast. easy "Point
& Plug" duecuoncaltbrauon - Optional self­
emptying rain gauge wi th lifet ime warrant)".
Serial output for optional logger· JO-day
money bad. guarantee • One-year warranty

•
... '''' ,

Parts list

Now you can do something
- about the weather

Component
C1.C2,C4
C5.C17
ce.ce
CIO
C13,C14
C16
C3
C6.C7,Cl 1,C12
C15
Rl ,At
R2.R2
A4.R5.R8
RO
01
02
0 1
06
02.05
03.04
L1
l2
l 3
LS
l'
K'
J I
J2.J3
CHI
BPI
HSI
Misc. ' 4 hardware
M: Mouser Electronics, Tel. '-800-346-6873
CS: Circuit Specialists. roc.. Tel. 1-800-528·' 417
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