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NumN' 10 on you, FHdback ellrtl

Home-Brew a Customized
HF Amplifier

Visualize, contrive, create!

Ra ndy L. He nde rson WI5W
10809 N.E. 17th Street

Oklahoma City OK 73141
(www.flash.neV-randylhl]

A
s many hams have discovered .
bui lding a vacuum tu be-based
RF power amplifier is still a

good way to save money while creating
a valuable station accessory This project
embodies a number of interesting ideas.

The ampli fier described here allows
me to substantiall y boost the o utput
power of my HF stat ion, yet m y o ut
of- pocket expenses were a fractio n of
what I'd have needed to buy a com
mcrc ial eq uivalent. I used a ll kinds o f
money-saving strategies.

On-the-ai r operation has resulted in
com ments of "very good" and "excel
lent" SSB sig nal q uality. So me of the
ideas I used in designi ng this amplifi er
may not appeal to e veryone. but per
haps you will fi nd one o r more o f
these techniques he lpfu l in yo ur own
project.

One money-savi ng strategy involve s
so me th ing o ther tha n the a mplifie r
itse l f. Spec ifica lly. a transceiver or
transmitter capable of lOW or more
ca n drive thi s ampl ifier to full o utput. I
use it with a small multiband horne
brew transcei ver (described in my
book, Build Your Own Intelligent Ama
teur Radio Transceiver, ~tcGraw-H i ll.

1997).
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O ther speci fi catio ns of the amplifier
include a maxim um o utput o f approxi
ma te ly HOO W. Input VSWR is very
low, making it easy to drive with even
the "pickiest" of exciters. It is capable o f
break-in keying (QSK) for CW, or rea
sonably fast turnaround TIR switching
fo r data modes .

T his is not a g rounded-grid (cathode
dri ve n) a mp li fie r. It uses a tctrodc
with the c athode by passed to ground
by capaci tors. The cathode is 500-V
negative with respect to chassis ground.

Other clues abo ut the inner worki ngs
arc appare nt on the fro nt panel in
Photo A. . Neon hulbs indicate the pres
ence of grid -bias and plate voltage .
Light-emitt ing d iodes (LED s) indicate
contro l-grid and screen-grid curre nt as
well as fi lament vo ltage . Meters ind icate
plate curre nt and RP output current.

Band-switching is accomplished with
two separate switches for input and
output circuits. Yes. th is is a bit unso
phisticatcd . but it's also sim ple a nd in
expen..ivc . The jack labeled " KEY' at
the lo wer le ft corner is a cost-re lated
feature that ties in with issues re lated
to T/R sw itch ing and re lays.

The large pi- network coils and plate
chokes in this project are fabricated by

hand at a considerable sa vings over
buying new o nes. I even made the van
able capaci to rs in the p i-network . If
th is seems too labor-intensive . wait un
ti l yo u see how the y ' re constructed .
The design is si mple and easy to copy.

Circuit description

Excep t for the p late and screen sup
plies. the e ntire amplifi er circuit in
eludi ng hias and control is sho wn in
Fig. 1. Transmit/recei ve switching is
accom plished by KI and K2. The con
tro l-grid bias voltage c hanges from
stand by to operate mode when the
contacts o f K3 cl ose .

The input sig nal is applied to the
contro l g rid. The screen grid is at RF
ground as it wou ld he in a co nven
tional grounded cathode a mp lifie r. An
impo rtant difference here is that it is
a lso at DC ground. I origina lly saw
thi s idea in a VHF ampl ifier in the
/989 ARRL Handbook . It offers the
possibi lity of exce llent input -to-output
isolati on because the sc reen grid sees a
very lo w impedance to ground over a
wide frequency range .

The co ntrol grid is supplied with
bias thro ug h R 8 which also aCL<; as a
load for the exciter. Loadi ng the grid
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Fig. I. Fur instructions 011 howto fabricate C9 ami en. see test. Diod es DlI through D16 are used ollly to protect the bicolor lJ / 7
LED from overloads. \~l llIes for 1./ through lJj are chosen 10 form a parallel resonant circuit 1\";'" the combined grid and socket capoci
lance of J/ 0 J.1/o: L9 is formed into a 1.7-;IIch (ID Jcoil, Wind six fum s o r a ( I length of two inches ,

helps dissipate the very small amount of
output energy that fi nds its way hack to
the input. This also lessens the cha nces
of parasitic oscillations occurri ng.

The ::!OO-ohm load presented by R8 is
transformed 10 one-quarter of that value
by T2 for matching the 50-nhm output of
an exciter. There is enough inter-cleo
trod c capacitance at the control grid and
socket to cause an input mismatch on
the higher bands. Coils LI through L6
arc switched in 10 cancel this capacitive
reactance at 7 ~lHl and higher.

These inpu t-coi l values may have to
be different if you usc a diff erent tube.
Each forms a pa ralle l resonant circuit
with the combined tube and socke t
capacitances.

I used a low-c urrent LED at D9 for
grid current indi cation. It shows some
illumination at 0.5 rnA and is at almost
full br illiance at 2 mA. When operat
ing the ampl ifie r in a linear man ner.
0 9 lets me know if the dri ve leve l is
too high. As soon as the grid is dri ven
positive, 0 9 li ghts.

Screen current is supposed to be close
to zero. or s lightly po sitive , with the
output properly loaded. 0 17 suffices for
knowing if the screen curre nt gets into
a region high enough to exceed the
screen dissipation rati ng. At least it
will look excessive ly bright under such
conditions. I have it co nnected to g low
gree n with posit ive screen current. and
red with negative screen current. This

is one ind icator where you should con
sider using a ru eter if you arc paying
very much for your tubes.

As for tubes. the 879 1 is not rea lly a
common. inexpensive lube unless you
ha ppen to get some as "pulls" from a
broadcast transmitter. A ne w socket for
this coaxial-base tube is also rather
expensive. I fabricated a suitable socket
from sheet brass and PC-hoard laminate.

A number o f tubes wo uld be good
candidates for use in this ci rcuit. The
4CX800 and 4CX I000 are close to
what I used. a lthough you wi ll need to
ge t data abou t the necessary screen.
control grid, plate and heater voltages .

I used a single transformer with two
secondaries for the grid bias supply and
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Another sm all circ uit board below

a nd to the left o f the 12 V supp ly is
the bias supp ly. At the upper left cor
ncr is the tube socket with various
grid-c ircuit compone nts mounted to its
left. Input coils L1 thro ugh L6 are
mounted at ce nter top. nex t to th e front
panel ,

A closer look at Photo C m akes it
easier to ide ntify some o f these input
components. Components on the cop
pcrclad board include C3, C4. K3, R7 .
R~ . and T2 . Bypass capaci to rs C5 and
C8 arc the large m ic a units connected
to th e ho memade tube socket.

All of the plate-circuit RF components
are located topside in Photo D. I placed
the blowe r and filam ent/bias transformer
outside the RF-output e nclosure in an
apparen tly successful attempt to reduce
unwanted feedback and RF radiation.
The tube chimney is made from a food
container that the manufacturer tou ts as
"microwave oven-safe." The chimney
diameter is larger at the bottom where it
is attached to the chassis and tapers to a

L
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Fig. 2. Two possible methods ofpowering the amplifier are shown
here. Y(JII cansubsntute a meter for lJ17 ifyo II wish. Plate current
can also be monitored by putting the meter ill the negative lead of
the 2700 V supply in (a) or the 2200 V supply ill (b) . This reduces
the insulation requirements of the meter housing and[ace ,

Constructio n

amplifier. because the screen supply is
not required to deli ver high current
levels. The circuit at (b) requires that the

full plate current. plus screen current, arc
available from the screen supply, with
good voltage regulation . The scree n grid

in a tetrode amp lifier is se nsit ive to
vo ltage fluctuations. It does offer the ad
vantage of requi ring less voltage from

the plate supply and may be wort h
c o ns ide ring if you happen to have pans

for a very hefty (500-V in this case) sup
ply. For a detailed description o f the
sup p ly I'm c urre nt ly u sing , see
" B ui ld a H igh-Voltage Power Sup

pl y at Low Cost" in the Janua ry/Feb
ruary 1998 issue o f Q EX Forum for

Communications Exp erim enter s .

Remo ving the hottom cover re vea ls
a ra ther spac ious layo ut in Photo B. In
general. DC circuits and RF input cir
cuits are contained in this area . Where con
ductors must pass throug h to the top
side of the chassis•

shielded cable ami
bypass capaci tors
are used for iso la
t ion .

At the bottom
o f Photo B is R3,
the bias contro l on
the hack panel. To
its tight is a large
hole for the blower.
The large resistor
running along the
rish t cdue of thee e
pho to is R I . used
to give pro tect ion
against tube flash
over. Above the
blower hole is T4
and its associated 12
\!DC power supply
co m p o ne n ts
mounted on a cop
pcrclad board. T
made the rect angu
lar pads on the
board hy clam p
ing it in a v ise
and raking a sharp
mark ing punch
alo ng the straig ht
edge of th e vise
Jaws.

,.. " ." I:::::'. ""... .. .
".".•.~. ......,..-. -. _...

.. ,, -, • - <1\ ·", - I, , ,,,~-.

heater. You could certainly use separate
transformers as shown in Fig. I for TI
and T3. The control-grid hias supply
uses a ful l-wa ve bridge rec tifier.

The whole bias supply "floa ts" with
no part of it connected directly to
gro und . There fo re. it is important that
the insulati on of T I and T3 secondaries
withstand the ful l screen voltage.

Timing a nd control

Photo A. The Usshapod to!' cover is sa/
raged aluminum and \\'(/.\' formed using
steel angle stock clumped to the wo rl:
bench, The final angles of the corners Irere
hammered into shape.

Controlling this amplifier in a slightly
unconventional manner allowed me to

use another low-cost part Some amateur
stations swi tch the amplifier from re
ceive to transm it mode by a voltage or

contac t clos ure that comes fro m the
exciter. usuall y a transceiver.

I thi nk it makes more se nse to have
the amplifie r control the exciter. That's
the reason for the fro nt-pa ne l j ack la

be led " KEY" Regardless o r the keying
source (stra ight key. automatic keyer,

computer. m ike button. T NC. c tc.) , the
amplifier has time to gel its "affairs" in
order before the exci ter ge ne ra tes a

signal on key-down (the s tart of a
transm ission ).

The term inal in Fig. 1 labeled
"XCVR" keys the transcei ver. T his ar
rangement means that you can use a
variety or ordi nary relays for Kl , K2
and K3.

Because o f the see ming ly unusual
cathode and screen c ircu itry. I th oug ht
it might be help fu l to clarify the ampli
fier supply requirements with Fig. 2.
M y se tup is the (a) version . Thi s is

probably the easiest way to power the
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Con ltn ued on page 14

Photo H. The mechanism for the LOAD

TUNE knob is near the f ront panel. Parr of
the knob can be seen alongside the toggle
switch handle in this photo . The mecha
nism includes a small bracket made of
shut copper soldered to a 1/4·20 nut. The
bracket bears against the chassis to pre
l"ent rotation ofthe nut. It also has a small
hole drilled in it for attaching the dial
cord . A washer has been fas tened 10 the
threaded end of the decap itated WAD
TUNE bolt and the PLATE TUNE bolt to
act as a stop to prevent completely un 
screwing the nut. I drilled W id tapped the
ends to accommodate a small screw for
this purpose. R3 is motif/ted on the back
end of the chassis for ease in adjusting
control-grid bias .

Photo C. This is a closer look at the sur
roundings of VI . The homemade lube
socket is a story in itself. Alternating lay
ers of O.OIO-;nch sheet brass and unclad
glass-epoxy board are used to make the
supporting structure and contm'ts . The
ventilated bran sheets and a small finned
heat sink help coolrhe rube base,



front panel in Photo n. T he variable
capacitor at the upper edge is C 12.
Minimum capacitance for these capaci
tors is lower than values attainable with
conventional air-dielectr ic variables.

An edgewise view of this capacitor in
Fig.3a shows how one plate is pivoted

DIELE CTRI C
FIL M

away from the other by tensio n from a
d ia l cord. The dial cord for C 12 passes

to a small pulley at the back of the tank
ci rcuit enclosure. through the chassis

deck and returns underneat h to a
threaded nut ncar the front panel. A 1/4
20 bolt. threaded into this nut. passes

STA TI ONAR y
PLATE

Fig. 3. Arron'S indicate the direction in which force is applied 10 the movable I'lute.{ ofC9
and C12 . The adjustable S1<Ip is siml,ly a 511I01/ blocl: ofa luminum with an oversized hole
(or undersized bolt! that call be positioned (IS needed and tightened in p lace . Tel/l ion
from the springs and linkage hold the movable plates in a 90" corner[armed by the chas
sis and stops. The short horiionml section (1 the uauonary plate is uctually two three
quarter-inch-wide "ears" because a "U r-snaped section is cut from the plates before
bending them in a vise, This makes bending them easier. Be careful not 10 deform the
plates, With both pla tes closed. the IlTea contacting the dielectric at C9 measures [our by
four and one-quarter inches, The area for Cl Z is four byfive inches . 1 hare added a thin
(O.O/o·inch) brass sheet between the grounded p late and dielectric sheet of C12 . It is
sliXhtly bowed, which provides a less abru pt change of capociumce as the grounded
plate mOl·es .

INSULA TED
ARMS

INSULATOR

CHAS SIS

CHASS IS

STATIONARY
PL ATE

~=r~~~ I NSU L A T OR

SPRINGS

ADJ USTABLE
STOP

ADJUSTABLE
STOP

DI ELECT RI C
FIL M

MDUABLE PLATE
(GROU ND ED )

MOUA BLE PLA TE
(GR OUND ED )

SPRING

( a )

( b )

Photo D . COI'I,('r braid fmm RG-59 co
axial cable is 11.\('(1 for connections be

tween the tank: I'oils and band switch, A
10118 shaft I'MI'1!.\·io" from the band switch
is used 10 lilah- part (1 528 . A movable
contact made from brass sheet soldered 10

tJ /.;"0" insert is 1I/0/llITI'II fm the slmft ex
tension, It r Oftl/ l'.1 against (1 fixed hrass

COIITtlet mounted 011 II Slill/dOff insulator
connected /0 C7.

Pi-network components

smaller diameter at the opening around
the tube cooling fi ns. allowing me to
place holes in the chassis around the tube
socket for decreased hack pressure and
increased air now.

Both plate tank coils arc handmade.
T he s maller L9 is made of qua rter
inch coppe r tubing . T he strips you
sec in Photo n supporting the co il
turn s in L10 arc made of e poxy-glass
circuit board materia l with the copper
fo il remo ved . Pol yester resi n. a va i l
a ble in hobby stores and auto-supply
houses. holds the wi re in place on the
strips.

Another money- and space-saving
feature in this amplifier inc ludes C9
and C 12. the output pi-network capaci
tors. You have probably seen small
compression trimmer capaci tors that
squeeze together two meta l plates
separated by a solid dielectric. Well.
C9 and C 12 arc sort of an overgrown
version. They arc the large meta l plates
standing vertica lly and parallel to the
14 73 Amateur Radio Today ' January 1999



Parts List

0 1-04 400 PIV, 1 A units or
equiva lent bridge

05- 08 50 PIV, 1 A units or
equivalent bridge

09 RS #276-044

010 any 20 mA LED

011 -016, 1N4002
020

017 RS #276·012 or
Mouser #351-5101

018 1N4007

0 19 1N5819 Schottky

11, 12 NE-48 neon lamps

K1 10 A OPOT
RS #275-218

K2 SPOT relay
RS #275-241

K3 reed relay, RS #275-233
or Mouser #431· 1412

L1 0.28 IlH

L2 0.37 MH

L3 0.5 ~IH

L4 0.7 ~I H

L5 1.1 5 ~I H

L6 4.5 )..tH

L7 loaded w/ferrite rod

L8 15 ~I H

L9 1.4 IlH 1/4" coppe r
tubing, 1.7" 10 coi l, 6
turns over 2 inches

L10 20.4 ~I H , 23 turns of #12
wire on 2.7" diameter
form, 6 turns per inch

Q1 TIP106 or similar

R1 60 Q . 30 W or higher

R8 10 carbon comp or non-
inductive 2000 .n
resistors, 2 W each, in
parallel

R14 1/4 W carbon film
resistor used as fuse

T1 14 bifi lar turns of #26
plast ic-insulated hookup
wire wound on FT50B·
61 toroid, Amidon Inc.

V1 8791 (see text)

Note: L1- L6 to resonate with the
combined gri d and socket
capacitance .

Table I. Paris list.
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throu gh the panel where a kno b is at
tached for the "LOAD TUNE" contro l.
The dielectric film is two-mil-thick
po lye thylene film . a fancy desc rip
t io n of a piece of sandwich. garbage or
recycli ng bag.

The othe r variable capacitor, C9,
uses the dial cord and spri ng arra nge
ment in Fig . Sb. Its Fiberglas" arms
and linkage are above V 1. The ends of
the Fiberglas arms are joined by a
metal bar fastened to a threaded nu l. It
is attached to another 1/4· 20 holt
turned hy the " PLATE TU:\E" knob.
The dielectric fi lm for this capaci tor is
two layers of O.OlO-inc h ( Ifl-mil )
Teflon">' . I purchased the Teflon sheet
from Regal Plastics. 9342 West Reno,
Oklahoma Ci ty OK, phone 1-800-444
7755.

The Te flo n sbcct in C9 is rig id
enough to stand in place if its bottom
edge rests on the chassis . The small
sheet o f po lye thylene film in C I2 is
draped ove r the top of the stationary
plate and secured to the hack side of
the plate with ce llophane tape .

I' m using th ree-quarter-inch-long
threaded ceramic standoff insulators to
support the stationary platc of C9. Ci r
cuit board material is sandwic hed be
tween the stationary plate of C 12 and
the chassi s. The three layers arc drilled
for nylon screws a nd nuts.

A ll surfaces ncar or in contac t wit h
the dielectric film of these variable ca
pac itors sho uld be smoo th and pol 
ished. Instead of square a nd sharp, the
edges of the plates shou ld he roun ded.
Holes dri lled for attachme nts sho uld
a lso he counters unk, smoothed and
polished. Thi s is easy to do by using
se vera l g rades of sa ndpaper or emery
clo th . Start out wi th a coarse r g rade
for roun ding and smooth ing . Wipe
off a ny g rit re sidue from the coarser
g rade and re pea t the operation with a
finer grade .

Afte r progressing th rough a se 
quence o f perhaps 100-, 220-, 350-, to
600-g rit. fini sh with me ta l pol ish . Be
careful no t to scratch the plates when
installing them. Smooth. round surfac-es
arc important at C9 because sharp cor!
ncrs and protrusions re sult in a con
centration of the electric fields that
may cause arc-over or insulation break
down. The e limination of mechanically

piercing or weakening the thin dielectric
film at C 12 is also a good reason fo r
having smoo th surfaces there .

I used one-eig hth-i nch-thick a lumi
num to make a ll four plates. Anything
th inner may warp and not maintain a
flat surface while you are working
with it or w hen under tension from the
control linkages. A Fiberglas stop be
twee n the front panel and stat ionary
plate of C9 adds additional support
when the movab le plate is pulled
against the Tenon sheets.

Setup

Before tryi ng to opera te an amplifier
suc h as th is, you sho uld make sure the
input and output ci rcuits are set up cor
rcc rly, You can do so wit hout powering
LIp the am pli fi er. A lig n the input coils
by measuring refl ected power seen by
the exciter. Either e nergize K2 or
jumper past its normally-open contacts.
The dip in reflected power is very broad
and sho uld reach a low value .

To find the correct places to tap 1.9
and LIO in the output net work. tem po
rarily install a res is to r between the
tube an ode a nd gro und. This ca n he a
sing le 1/4 W or 1/2 W resisto r if you
have some low-power method of mea
suring re flec ted power. If all you ha ve
is a regu lar SWR meter thai requ ires a
few watts of RF, you may have to cobble
together some combination of resistors
rated at one or two walls each. Don't usc
wire-wound power resistors. They have
too much inductance.

For thi s amp lifier, the temporary re
sistor sho uld be approx imately equa l
to the plate load resi stance . For ex
amp le. an amp lifier opera ting c lass
AB I with a plate c urrent of 500 rnA
will have a plate load of

R = plate voltage

(I. 5 * plate current)

or 3600 ohms. The units used here are
amperes, volts and oh ms.

Remember to lea ve the plate a nd
screen supplies off a nd d isconnec ted .
To test the output tuning , yo u wil l he
send ing a signa l from all exci ter or
other ge nerator to the amplifier ou tput
circ uit. This time , connect yo ur SWR
meter (o r other instrume nt) to the out
put connec tor and e nergize K I. Alter-
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Building an inexpensive we ll-made
amplifier is a worthwhile experience .
However. when it comes to be ing a
considerate , competent operator, don 't
sc rimp. Be a big spender and invest
your best e fforts .

Many thanks to Henry Just (K5SAM)
and other gene rous amateurs whose
former parts and materi als are now
part of this amplifier. iii

Use and operation

struction of the RF choke . Tune L8 by
removing or adding turns to move the
self-resonant frequency away from any
of the desired amateur bands .

The only ev idence of ins tability that
I have de tected in this amplifier has
been a tendency toward a fuse-blowing
low-frequency oscillation until I in

stalled C 16. It was not installed when 1--------------
Photo B was taken. You can use a
larger va lue than I ~F if necessary. Af-
ter insta ll ing C16. I' ve expe rienced
months of reliable opera tion.

Be sure to install covers over any ar
eas with hazardous voltages. I' ve see n
some home-brew amplifiers that work
well . but they need safer enclosures
and connectors . Connectors for the
plate and screen supply cables are in
side my power-supply enclosure and
hard-wired at the amplifie r chassis.

Increasing the output power of my
station often allows me to use my op
erating time more effic iently. Operat
ing on the lower bands often means
contending with atmosphe ric noise
when vying for the attention of another
station. Single side band signals seem
to suffer from the effec ts of noise more
than other modes such as CW and data
modes that concentrate their power
into a narrower frequency spectru m.

I' m pleased to find that thi s ampli
fier operates reliably, especially con
sidering the unus ual nature of ou tput
network capac itors C9 and C1 2. It is
possible to break down the insulation
of C l 2 by driving the amplifier hard
into a large load mi smatch . However.
it is also very easy to repa ir it. Be
aware that a slight dctuni ng effect may
occur as the capacitors heat and cool
during operation . Most of this could
probably be eliminated by using better
placement. ventilation or nonconductive
baffles to redirect the hot exhaust air.

Having extra power is nice . but re 
member to use it wisely. If you don' t
need the extra power to overcome path
loss, noi se or QRM , turn down the
"wick." I hear too man y operators try
ing to punch through QRM and annoy
ing everyone (including themselves)
when they could easily reduce power
and move to nearby vacant frequencies .

A Q of 16 for 10 meters results in

It's probably a good idea to make
these pi-network adjustments with the
plate end of RF choke L7 disconnected.
Try to arrange the disconnected lead so
that it's resting very near its connected
position . When you reconnect it after
each adjustment. the reflected power
reading should not change too much.

If the mete r suddenly shows a big
mismatch , the L7-L8 combinat ion
probably has a series sel f-resonance on
or near the band you're testing . High
power operation in this condition will
likely cause poor performan ce or de-

nat ively, you can connect the SWR
meter directly to C 12. Again , you are
looking for a low reflected-power
read ing .

Output tuning capacitors C9 and
C l 2 shou ld be adj usted to the value
wh ich prod uces the network-loaded Q
needed for the frequency under test.
When you find the position on the coil
that results in the lowest SWR. that's
where you tap it for the ap propriate
sw itch position - a lot safer than tryi ng
to find the correct tap with the high
voltage on.

I used this procedure on my ampl i
fier and it works well. Just don 't forget
to remove the temporary resistor when
you apply plate voltage . [f you don 't
have a me thod of measuring C9 and
Ctz, it's probably better to err on the
side of setting their capacity too high
than too low. T his can cause a loss in
efficiency but it will result in lower

levels of harmon ic emissions. A
loaded Q of 14 with a plate load of
3600 ohms results in the following val
ues in picofarads . These values include
tube and stray ci rcuit capac itance .

1.8 MHz: C7 + C9 = 344,C I I + C 12
= 2330

3.5 MHz: C7 + C9 = 177 , C I2 =
1198

7.0 MHz: C9 = 88, C I2 = 599
10.1 MHz: C9 = 6 1, C I2 = 4 15
18.068 MHz: C9 =34, CI 2 =232
2 1.0 MHz: C9 = 29, C I 2 = 200
24 .89 MHz: C9 = 25 , C I2 = 169

28 .0 MHz: C9 = 25, C I 2 = 182




