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A 3CX1500D7 RF Linear Amplifier

Editor’s note: Section and figure references
in this article are from the 2013 edition of the
ARRL Handbook. Although a 3CX1500D7
tube is used in this design, the 3CX1200D7
tube may be more affordable and the design
can be adapted to use it with somewhat less
plate dissipation.

The following describes a 10-to-160-meter
RF linear amplifier that uses the new com-pact
Eimac 3CX1500D7 metal ceramic triode. It
was designed and constructed by Jerry
Pittenger, KSRA.

The amplifier features instant-on opera-
tion and provides a solid 1500 W RF output
with less than 100 W drive. Specifications
for this rugged tube include 1500-W anode
dissipation, 50-W grid dissipation and plate
voltages up to 6000 V. A matching 4000-V
power supply is included. The amplifier can
be easily duplicated and provides full output
inkey-down service with no time constraints
in any mode. Fig 17.56 shows the RF deck
and power supply cabinets.

DESIGN OVERVIEW

The Eimac 3CX1500D7 was designed as
a compact, but heavy-duty, alternative to the
popular lineup of a pair of 3-500Z tubes. It
has a 5-V/30-A filament and a maximum
plate dissipation of 1500 W, compared to the
1000-W dissipation for a pair of 3-500Zs.
The 3CX1500D7 uses the popular Eimac
SK410 socketand requires forced air through
the anode for cooling. The amplifier uses a
conventional grounded-grid design with an
adjustable grid-trip protection circuit. See the
RF Deck schematic in Fig 17.57.

Output impedance matching is accom-
plished using a pi-L tank circuit for good
harmonic suppression. The 10 to 40-meter
coils are hand wound from copper tubing,
and they are silver plated for efficiency.
Toroids are used for the 80- and 160-meter
coils for compactness. The amplifier incor-
porates a heavy-duty shorting-type band-
switch. Vacuum variable capacitors are used
for pi-L tuning and loading.

A unique feature of this amplifier is the
use of a commercial computer-controlled
impedance-matching module at the input.
This greatly simplifies the amplifier design
by eliminating the need for complex ganged
switches and sometimes frustrating
setup adjustments. The AT-100AMP module
kit available from W4RT Electronics
(www.wdrt.com) is an acceptable tuning
unit.

An adjustable ALC circuitis also included
to control excess drive power. The amplifier
metering circuits allow simultaneous moni-
toring of plate current, grid current, and a

Fig 17.56—At the top, front panel view

of RF Deck and Power Supply for
3CX1500D7 amplifier. At bottom, rear view
of RF Deck and Power Supply.

choice of RF output, plate voltage or filament
voltage.

The blower was sized to allow full 1500-W
plate dissipation (65 cfm at 0.45 inches H,O
hydrostatic backpressure). The design pro-
vides for blower mounting on the rear of the
RF deck or optionally in a remote location to
reduce ambient blower noise in the shack.
The flange on the socket for connecting an
air hose was ground off for better air flow.
(This is not necessary.).

The power supply is built in a separate
cabinet with casters and is connected to the
RF deck using a 6-conductor control cable,
with a separate high voltage (HV) cable. The

power transformer has multiple primary taps
(220/230/240 V ac) and multiple secondary
taps (2300/2700/3100 V ac). No-load HV
ranges can be selected from 3200 to 4600 V
dc using different primary-secondary com-
binations. The amplifier is designed to run at
4000V dcunderload to maintain areasonable
plate resistance and component size. A step-
start circuit is included to protect against cur-
rent surge at turn on that can damage the diode
bank. The power supply schematic is shown
in Fig 17.58 and a photo of the inside of the
power supply is shown in Fig 17.59.

Both +12-V and +24-V regulated power
supplies are included in the power supply.
The +12 V is required for the computer-
controlled input network and +24 V is needed
for the output vacuum relay. The input and
output relays are time sequenced to avoid
amplifier drive without a 50-Q load. Relay
actuation from the exciter uses a low-voltage/
low-current circuit to accommodate the am-
plifier switching constraints imposed by
many new solid-state radios.

Much thought was put into the physical
appearance of the amplifier. The goal was to
obtain a unit that looks commercial and that
would look good sitting on the operating
table. To accomplish the desired look, com-
mercial cabinets were used. Not only does
this help obtain a professional look but it
eliminates a large amount of the metal work
required in construction. Careful attention
was taken making custom meter scales and
cabinet labeling. The results are evident in
the pictures provided.

GENERAL CONSTRUCTION NOTES

The amplifier was constructed using basic
shop tools and does not require access to a
sophisticated metal shop or electronics test
bench. Basic tools included a band saw, a jig
saw capable of cutting thin aluminum sheet,
a drill press and common hand tools. Some
skill in using tools is needed to obtain good
results and insure safety, but most people can
accomplish this project with careful planning
and diligence.

Metal work can be a laborious activity.
Building cabinets is an art within itself. This
part of the project can be greatly simplified
by using commercial cabinets. However,
commercial cabinets are expensive (~$250
each) and could be a place where some dollars
could be saved.

The amplifier is built in modules. This
breaks the project into logical steps and fa-
cilitates testing the circuits along the way.
For example, modules include the HV power
supply, LV power supply, input network, con-
trol circuits, tank circuit and wattmeter. Each
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Fig 17.57 — Schematic of the RF deck and
control circuitry.

B1 — Dayton 4C763 squirrel-cage blower.

Cb, Cp — 0.01 pF, 1 kV disc ceramic.

C101 — 400 pF, 10 kV Jennings vacuum
variable, UCSL-400.

C102—1000 pF, 5 kV Jennings vacuum
variable, UCSL-1000.

C103, C104—350 pF, 5 kV ceramic
doorknob.

C105—two parallel 1000 pF, 10 kV ceramic
doorknob capacitors (Ukrainian mfg).

C106, C107—0.001 puF, 7.5 kV disc ceramic.

C108, C109—0.01 uF, 3 kV transmitting
mica (1 kV disc ceramics can be used).

C401—12 pF piston trimmer.

C403, C403—150 pF silver mica.

D101, D107, D205-D210—1N5393
(200V, 1.5 A).

D102-D106, D201-D204—1N5408 (1 kV, 3
A).

K1—4PDT, 24 V dc KHP style (gold
contacts).

K2—SPST vacuum relay, Kilovac H8/S4.

K3—4PDT, 24 V dc KHP style (gold
contacts).

L1-L5—See Table 17.8.

L201, L202—Line chokes, 7 uH.

L401—24 t #22 enamel wire, center tapped
on T50-6 core.

M1-M3—Simpson Designer Series, Model
523, 1 mA movement.

PC101—2 t %-inch diameter x 2-inch long,
Y2-inch brass strap with two 150 Q,
2 W non-inductive carbon resistors in
parallel.

Q101—MJE3055 TO-220 case on heat sink.

Q102—2N3053 TO-18 case.

R103—25 kQ, 25 W wire-wound.

R104—10 Q,5W.

R108—150 2, 10 W wire-wound.

R112—100 k<2, 2 W potentiometer

R403—100 k<, 0.5 W trim pot.

RFC101—90 puH, 3 A Plate Choke, Peter W.
Dahl p/n CKRF000100, (see text).

RFC102—14 t #18 enamel wire wound on
100 Q, 2 W resistor.

RFC103—Bifilar 30 A filament choke,
Peter W. Dahl p/n CKRF000080,

(see text).

RFC104—1 mH, 300 mA RF choke.

S$1-S2—Alco 164TL5 DPDT switch
(only SPST contacts are used),
www.alliedelec.com/.

S§3-S4—Alco 164TL2 momentary DPDT
(only SPST contacts are used; S3 wired
as normally closed, S4 as normally
open), www.alliedelec.com/.

S5—2 pole, 3 position rotary switch.

S6—RadioSwitch model 86, double-pole
12-position (30° indexing) with 6-finger
wiper on each deck, p/n R862R1130001,
www.multi-tech-industries.com.

T2—5V, 30 A center-tapped transformer,
Peter W. Dahl EI-150 x 1.5 core, primary
115/230V ac, (see text).

TH1—Thermistor, Thermometrics CL-200
(Mouser 527-CL200).

ZD101—10V, 1 W Zener 1N4740A.

ZD201—3.1V, 1 W Zener.

Other parts:

Cabinet—Buckeye Shapeform
DSC-1054-16 (10x17x16-inch HxWxD),
www.buckeyeshapeform.com.

Chimney (Teflon)—A. Howell, KB8JCY,
PO Box 5842, Youngstown, OH 44504.

LDG Tuner—AT-100AMP autotuner, see
text.

Tube socket—Eimac SK-410.

module can be tested prior to being integrated
into the amplifier.

The project also made extensive use of
computer tools in the design stage. The basic
layout of all major components was done
using the Visio diagramming software pack-
age. The printed-circuitboards were designed
usingafreelayoutprogramcalled ExpressPCB
(www.expresspcb.com). Masks were devel-
oped and the iron-on transfer technique was
used to transfer the traces to copper-clad
board. The boards were then etched with ex-
cellent results. The layout underneath the RF
Deck s shown in Fig 17.60A and the top side
of the RF Deck is shown in Fig 17.60B.

Meter scales were made using an excel-lent
piece of software called Meter by Jim Tonne,
W4ENE (www.tonnesoftware.com). Also,
K8RA wrote an Excel spread-sheet to calculate
the pi-L tank parameters. A copy of the
spreadsheet, Meter Basic software and Express
PCB files for the PC boards are all included
on the CD-ROM that accompanies this book.

Although using computer tools simplifies
the design step, all design work can be done
without the use of a computer. Be creative
and use the tools and resources athand! There
are many different ways to construct this de-
sign. The key secret is diligence and not com-
promising until it is done right. Note that the
tank coils in this amplifier were wound at
least three times, the inside side panels were
cut twice and many printed circuit boards
ended in the trash before acceptable boards
were fabricated.

Since this project was built, Peter W. Dahl
has discontinued business, Dahl transformers
are now available from Harbach Electronics
(www.harbachelectronics.com). Contact
Harbach to cross-reference the Peter Dahl
part numbers in the parts list for T1, T2 and
RFC103 with current Harbach stock or equiv-
alent designs.

CABINET METAL WORK

By purchasing commercial cabinets, metal
work required was minimized but not elimi-
nated. The power supply components are very
heavy. The transformer weighs about 70
pounds by itself. Therefore the base plate of
the power supply cabinet needed to be rein-
forced. The original base plate for the cabinet
was not used. One-eighth-inch plate was
purchased from alocal aluminum scrap com-
pany. Two pieces were sandwiched to provide
a Yi-inch plate. Of course Y4-inch material
could have been used but it was not available
at the time of purchase.

The plate can be cut on a metal band saw
using a guide or on a radial arm saw. Metal
blades are readily available from Sears for
both saws. If using a radial arm saw, multiple
passes arerequired, lowering the blade slight-
ly with each pass. Be sure to wear eye

protection because the metal chips fly. The
edges were then cleaned and straightened
using a 4-inch belt grinder. If a belt sander is
not available, a large file will work.

The two metal plates were held together
with the mounting bolts on the four casters.
The power supply base plate exactly matches
the original base plate and fastened to the
cabinet using the original tapped screw holes.
All the heavy components are mounted on
the base plate. The power supply mustalways
be handled by lifting the base plate, since the
cabinet does not have the structural integrity
to bear the weight by itself.

The RF deck needed both a chassis plate
and a front sub-panel. See Fig 17.60B. The
sub-panel is used to mount the load and tune
capacitors, the bandswitch and also provides
RF shielding for the meters. Side plates were
needed because of the cabinet configuration.
The side plates, chassis plate and sub-panel
all use Yie-inch aluminum plate. After the side
plates are cut and mounted to the cabinet
sides, the chassis plate and front sub-panel
are mounted using '2-inch aluminum angle
to join the edges.

Cutting holes can often be a challenge. If
a drill bit is the correct size, drilling a hole is
easy, of course. But large-size round holes
and square holes can be a challenge. This was
especially true in this project since the front
and rear panels are Ys-inch aluminum plate.

The large meter holes can be cut using a
hole saw on a drill press. For odd sizes, a “fly
cutter” can be used. Fly cutters are available
from Sears but a special warning is in order.
These devices work well but are extremely
dangerous. Make sure the cutting bit andthe
placement into the drill chuck are secure.

Large square holes are required for the turn
counters. Mark the square hole to be cut. Drill
a hole in each corner. The hole must be at
least the size of the saw blade if a jigsaw is
used to finish the hole. Note that the jigsaw
must have a removable straight blade. If a
metal-cutting jigsaw is not available, a series
of small holes can be drilled in a straight line
on all four sides and the edges smoothed with
a file. Almost any hole can be custom cut by
making a hole the approximate size and fin-
ishing it to the exact dimension with a file. It
isslow and laborious but it works. When using
a file on panels, be very careful that the file
does not slip out of the hole and put an un-
desired scratch in the panel!

Once panel holes are cut, carefully label
the panels before mounting the components.
Dry transfers are used on both the power
supply and the RF deck. Dry transfers of all
sizes and fonts are available at graphics art
stores and hobby shops. The author has found
that hobby shops carry an excellent selection
of dry transfers in the model railroad
section.

A 3CX1500D7 RF Linear Amplifier 3
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Fig 17.58—Schematic for power supply for 3CX1500D7 amplifier.

B1—12V dc brushless fan, 2% inch
(Mouser 432-31432).

DS1—12V dc pilot lamp (Alco 164-TZ).

Cb—0.01 uF, 1 kV disc ceramic bypass
capacitor.

C301—53 puF, 5 kV oil-filled.

CB1—2 pole 25 A, 240V circuit breaker.

K1-K4—SPST solid-state relay 240V ac,
25 A line voltage with 12V dc input (the
author used surplus Crydom relays
but a readily available substitute is the
Tyco/P&B SSR-240D25R).

RF DECK CONTROL CIRCUITS

The control circuits in the amplifier are
not complex due to the simplicity of the
grounded-grid design and the instant-on
capability of the 3CX1500D7 tube. 120 V ac
is routed from the HV power supply to the
RF Deck in the 6-conductor control cable.
When the on/off switch (S1) is pressed,
120 V ac is sent to the primary of the low
voltage transformer (T3) and the filament
transformer (T2). The surge current to the
filament of the tube is suppressed by the
thermistor (TH1) in one leg of the filament

4 A 3CX1500D7 RF Linear Amplifier

K5—2 second trimpot time delay relay
(surplus Bourns 3900H-1-125 or equiv;
or FTD-12N03 3 second glass timer
relay from Surplus Sales of Nebraska).
Note: This part may be difficult to find.
You can build the equivalent from a
24V dc SPST relay, diode, resistor and
capacitor as shown in the drawing
inset. This technique is borrowed from
the K6GT HV supply shown later in this
chapter (Fig 17.63).

transformer primary. These are excellent cur-
rent limiting devices that have a resistance
of approximately 25 Q cold but decrease to
lessthen 1 Q as they heat. Keep the thermistor
inopen air away from other components since
they are designed to run hot.

The low voltage supply provides regulated
+12 V dc and +28 V dc. The voltages are
regulated using simple three-terminal regula-
tors. Pilot lights are included in each push
button switch, S1-S4, and a power indicator
on the HV power supply. When the low-volt-
age power supply first comes on, +12 V dc is

R303, R304—100 kQ, 200 W wirewound
resistor).

T1—Plate transformer, primary
220/230/240 V; secondary
2300/2700/3100V at 1.5 A CCS
(Peter W. Dahl Co P/N Pittenger
PT-3100, see text).

Z1-Z3—130V MOV.

Cabinet—Buckeye Shapeform DSC-1204-
16 (12x18x16 inches HWD),
www.buckeyeshapeform.com.

directed through the control cable back to the
HV supply. High voltage is applied immedi-
ately to the instant-on tube. Therefore the
amplifier is turned on and ready to go instant-
ly—You don’t have to listen to your friends
working that rare one for three or four tense
minutes while you wait for your amplifier to
time in!

The amplifier is switched in and out of the
circuit using a 4PDT KHP style relay (K1)
for the input and a SPDT vacuum relay (K2)
for the output. It is important to select the
timing constants for the input relay (C201



Fig 17.59—Inside view of the power supply, showing rectifier stack, control relays and
HV filter capacitor with bleeder resistors. The heavy-duty high voltage transformer is at
the upper left in this photo.

and R201) so the input relay closes a few
milliseconds after the vacuum relay. This
avoids hot switching the output, which could
fuse the vacuum-relay contacts. This is a bal-
ancing act since the brief time the input relay
is open will present an open circuit to the
exciter. Many modern radios now have ex-
citer-timing circuits that close the amplifier
relay circuit a few milliseconds before RF is
transmitted.

Itis recommended that timing components
for the input relay be located in a place where
they can be easily changed. Another approach
is to build a breadboard circuit that feeds the
relay coils in parallel but places the contacts
in series. Feed a low voltage through the con-
tacts of the two relays and monitor the timing
with adual-trace oscilloscope. This technique
allows precise timing of contact closure as
the two relays work together. Note that dif-
ferentrelays will need different timing-circuit
component values. A set of contacts on input
relay, K1, is used to short across bias resistor,
R103. The resistor biases the tube to cutoff
in standby.

Approximately +10 V bias is provided to
the center tap of the filament transformer to
limit the idle current of the tube to approxi-
mately 125 mA. The bias is developed using
the three components D101, R101 and Q101.
These components could be replaced with a
single 10-V/50-W Zener diode. However,
50-W zeners are expensive and they are dif-
ficult to obtain. Using the circuit shown, the

biasis provided by acommon NPN transistor
(Q101) and a one-watt zener (D101) you can
obtain from RadioShack.

TUBE PROTECTION CIRCUIT

The main protection for the tube is a plate-
current surge resistor and a grid-trip circuit.
The current surge resistor (R308, 50 /50
W) is in series with the B+ line and acts as
a fuse should excessive current be drawn
from the HV power supply. Ohm’s law says
that up to 1-A plate current can be drawn
through the resistor and still stay within the
50-W rating of R308. However, let’s assume
a problem occurs and 5 A flows through the
resistor. Resistor R3 must now dissipate
1250 W. The resistor will quickly fail and
will shut down the HV to the 3CX1500D7
tube.

Q102 is a grid-trip circuit that snaps the
amplifier offline if the grid current exceeds
400 mA. The grid current is drawn through
the 10-Q resistor (R104) connected between
the B— line and chassis ground. The current
creates a voltage across R104 that is fed to the
grid-trip adjustment potentiometer, R106.
Q102 is turned on when the base voltage
reaches 0.6 V and actuates the grid-trip relay
K3. K3 contacts break the +28 V dc input and
outputrelay lines (K3B), locks the relay closed
(K3C) and extinguishes the pilot bulb (K3A)
of the GRID-TRIP RESET normally closed push-
button switch (S3) located on the front panel.
Pushing the GRID TRIP RESET switch (S3) breaks

Rights Reserved

the current path for the grid-trip relay K3 and
resets the relay. The reason the grid trip was
actuated should be determined prior to at-
tempting to use the amplifier again. Usually,
this is caused by improper setting of the load
capacitor or transmitting into the wrong
antenna.

INPUT NETWORK

As mentioned before, this amplifier uses
a unique concept for the input-matching net-
work, getting rid of a switched network me-
chanically ganged to the main band-switch.
Not only can such a switching arrangement
be awkward mechanically, but obtaining a
reasonable network Q and a low SWR over
an entire band can be difficult.

Thus the author decided to use a commer-
cial automatic tuner integrated into the RF
deck (see Fig 17.60A). The tuner is a kit from
WA4RT Electronics based on the AT-100 auto-
tuner by LDG Electronics (discontinued as
standalone equipment). The kit is supplied
without the enclosure and switches. This ap-
plication is simple but elegant. The unit au-
tomatically initiates aretune if the input SWR
exceeds approximately 1.5:1. The tuning
cycle takes three to five seconds to execute.
But retuning does not happen often because
the tuner has over 4000 memories and re-
members the settings for different frequency
ranges. As the amplifier is used on each band,
the tuner learns and stores settings into the
memory. When switching bands, it only takes
milliseconds to retrieve the data from mem-
ory and actuate the correct tuner relays.

Integration of the tuning network requires
connections for RF input and output, +12 V
and ground. RF input goes to the center of
T1 and ground goes to J2 (clearly marked on
the board). RF output goes to J3 and ground
goes to J6. The + 12-V dc connection is the
larger of the three holes at J10 (next to L10).
The other two holes are grounds for dc
connections.

A momentary contact switch (S4) is
mounted on the front panel to provide manual
control of the tuner. A normally open contact
on S4 is connected to the input pin J9 (next
to L12) and ground. (The pin is marked as
the ring for the connector thatis notinstalled.)
The correct hole is on the C56 side. If the
switch is pushed for less than /> second, the
tuner alternates between bypass and in-line
modes. If S4is pressed between 0.5t02.5 sec-
onds, it does a memory tune from the stored
data tables. If S4 is pressed for more than
2.5 seconds with RF applied, it skips the
memory access, retunes and stores the new
settings into the memory table. The manual
retune function is seldom, if ever, used.

The tuner works perfectly and it really sim-
plified the input-network design and construc-
tion. The SWR never exceeds 1.5:1 (typically
itis 1.2:1).

A 3CX1500D7 RF Linear Amplifier 5
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Fig 17.60—At the top, under the chassis of the RF Deck. The autotuner used as the
input network for this amplifier is at the upper right. At bottom, view of the Pi-L output
network in the RF Deck.

PI-L NETWORK

A pi-L network is used to insure good har-
monic attenuation. The pi-L circuitis actually
a pi-network, followed by an L-network that
provides additional harmonic attenuation.
The L-section transforms the load of 50 Q2
up to an intermediate resistance of 300 Q.
The pi section then transforms 300 Q up to

6 A 3CX1500D7 RF Linear Amplifier

the desired plate load resistance of 3100 Q.
The plate load is calculated using the follow-
ing formula:

E, 4000

= = =3137Q
L7x1,  1.7x0.750

Ry

A nominal Q of 12 is used for the network.

Rights Reserved

But as with most RF amplifiers, the capaci-
tance needed for the higher-frequency bands
is less than is physically possible using vari-
able capacitors. For Q = 12, the tune capaci-
tance (C101) for 10 meters is 14 pF. Using a
vacuum variable capacitor for C1 helps be-
cause the minimum achievable capacitance
(12 pF) is substantially less than with an air
variable. But the tune capacitance is the sum
of variable C101, 7.1 pF for the output ca-
pacitance of the 3CX1500D7 tube and any
stray capacitance resulting from the physical
layout of the amplifier.

The minimum obtainable capacitance is
thus on the order of 30 pF, which yields a
higher value of loaded Q than optimum. The
solution is two fold. First, connect the plate-
tune capacitor (C101) one turn into the 10-
meter coil. This actually forms an L-pi-L
circuit. Second, accept a higher value of
loaded Q so that the variable capacitor can
still be tuned. Table 17.8 shows the loaded
Q finally used for each band setting. The
disadvantages of higher loaded Qs are high
circulating currents in the tank circuit and the
need to retune during excursions across the
higher-frequency bands. This amplifier
works fine on all bands, delivering a solid
1500 W output even on 10 meters.

Another pi-L tank circuit design constraint
in this amplifier is the bandswitch. Many am-
plifiers use a single-pole, 12-position, non-
shorting switch. Although this type of switch
is easier to find, it can be problematic because
high voltages are generated that could result
in arcing in the bandswitch—usually from the
wiper to the high frequency taps. You should
use a switch with a multiple-finger wiper (see
Fig 17.57) that shorts out lower-frequency coil
taps not being used. For example, when the
amplifieris used on 20 meters, the 40-, 80- and
160-meter taps are shorted to the wiper.

However, shorting switches only allow for
six connections with 30° indexing. The com-
mon shorting wiper consumes 180° of switch
deck on 160 meters. This results in having to
design the 10/12-meter and 15/17-meter
bands to use single taps for each frequency
pair. Again, this is accomplished by adjusting
the loaded Q for each band so that shared
bands so they require nearly the same induc-
tance. From Table 17.8, the same band switch
position is shared on the 10/12-meter bands
(1.4 uH) and the 15/18-meter bands (2.2 pH).

In actual construction of the tank circuit,
it is very useful to have access to both a ca-
pacitance meter and an inductance meter. The
author used an Elenco LCM-1950 meter that
measures both capacitance and inductance
and is available for under $100 (www.elenco.
com). With the tune and load capacitors
mounted and connected to calibrated knobs
or turns counters, make a table of capacitance
verses knob settings. This is useful to estimate
the initial setting for each band during setup



Copyright © 2013 American Radio Relay League, Inc. — All Rights Reserved

Table 17.8
Pi-L Component Values
Frequency  Cf1 c2 L1 L2 Q
(MHz) (pF) pF uH uH
1.850 211 1262 44.3 9.6 12
3.700 105 631 222 4.8 12
7.150 65 364 9.7 25 14
14.150 33 184 4.9 1.26 14
18.100 45 208 2.23 0.98 23
21.200 33 159 2.21 0.84 20
24.900 36 161 1.48 0.71 25
28.250 29 133 1.43 0.63 23
Tank Circuit Coils
Coil  Band Inductance ~ Construction
L1 10/12-15/17m 2.3 pH 7' 1, Va-in. copper tube, 2-in. ID silver-plated
10/12-mtap @ 3~ t
15/17-mtap @ 7' t
L2 20-40 m 7.4 pH 191, %e-in. copper tube, 2-in. ID silver plated
20 tap@ 8t
40tap @ 19t
L3 80 m 12.4 pH 17 t on 3xT225-2 cores, #10 Teflon silver wire
L4 160 m 22.0 pH 23 t on 3xT300-2 cores, #10 Teflon silver wire
L5 L-Coll 9.6 pH 19 t on 2xT225-2 cores, #12 tinned wire

w/Teflon sleeve
10/12-mtap @ 2t
15/17-mtap @ 4 t
20-mtap @ 5t
40-mtap @ 7t
80-mtap @ 12t
160-mtap @ 19t

and test. Also, measure the inductance of each
coil turn to determine initial coil taps for each
band. On this amplifier, only the 10-meter
tap had tobe adjusted from the predetermined
settings.

As mentioned above, the pi-L tank circuit
was designed for 3100-Q plate-load resis-
tance. Such a high plate resistance demands
higher inductance values to obtain reasonable
tank circuit Qs. Table 17.8 shows that 160
meters requires 42 pH. If air-wound coils were
used exclusively, the coils would require many
turns and would take up a lot of cabinet space.
To maintain a reasonable physical coil size,
therefore, toroidal coils were used for
80 (L3) and 160 (LL4) meters in addition to the
output coil (L5) (see Fig 17.60B). You should
use substantial core material for high-power
operation to avoid core heating. Core sizes
were increased by using multiple cores taped
together. Each ferrite core is wrapped with
three layers of high temperature fiberglass
tape, available from RF Parts (www.rfparts.
com). Teflon-insulated #10 wire was wound
to obtain the desired inductance in L3 and L4.
Both coils are mounted on ceramic standoffs
and held in place with Teflon blocks.

The output coil is wound on a pair of T225-
2 cores using #12 tinned wire covered with
a Teflon sleeve. Taps onto the coil are made
by carefully trimming a small "4-inch space
from the Teflon sleeve on the inner edge of
the core facing the bandswitch. Taps are then

made from the back section of the 2-pole
bandswitch using #12 tinned wire. The proper
placement of each tap is determined by first
winding #12 insulated wire around the core.
A small slit is carved into each turn and the
inductance was measured. The copper wire
is removed and the final Teflon-covered #12
tinned wire is wound onto the core. Using the
output L-coil (L102) design values in Table
17.8, permanent taps were made.

Note that the taps for the output coil are
not extremely critical. Select the closest turn
to the value needed. The output coil is mount-
ed on the back of the bandswitch on one of
the switch wafer screws using a threaded
1-inch diameter Teflon rod. The Teflon rod
holds the position of the coil. The weight is
carried by the wire taps from the coil to the
bandswitch contacts. Table 17.8 also gives
the inductance and construction instructions
for each coil.

L1 and L2 (10-40 meters) are silver plated.
They were wound using a 2-inch aluminum
pipe as a form. Clean the copper tubing with
#0000 steel wool prior to winding. Wind the
copper tubing close spaced on the pipe. Leave
plenty of pigtail on each end of the coil. The
ends can be trimmed to fit the mounting posi-
tions precisely. After winding the desired
number of turns, plug the ends by closing the
tube ends with ahammer, spread the coil wind-
ings and rinse the coil in acetone to remove
any oil. Allow a few minutes to dry. The coil

is now ready to plate.

Go to any photo shop and beg/buy a gallon
of used photographic fixer solution. Note that
used fixer solution has silver remnant. The
more the solution has been used, the more the
silver content. The coils can be silver plated
by dipping the clean coil into the solution. Do
not leave the coil in the solution too long or it
will turn black. A thin but bright silver coat
will be deposited on the copper tube. This is
called flash plating. After dipping the coil
into the solution, immediately rinse in a bath
of clean water and blow dry under pressure
with an air compressor, heat gun or hair dryer.
If a thicker silver coat is desired, electroplat-
ing is necessary, a subject beyond the scope
of this article.

A #10 lug is crimped and soldered onto
the end of each coil and used to mount the
coil. The L2 coil is mounted using a Teflon
block that is held in place to the front sub-
panel with small screws. The block is care-
fully drilled with ¥s-inch holes the desired
spacing of the coil about %-inch from one
edge. The block is sawed down through the
holes creating two matching blocks. At each
end of the block a hole is drilled and tapped
(6-32 tap). The silver plated coil is sand-
wiched between the two blocks for secure
support. The tapped screws serve as the con-
necting points for the ends of the coil.

METERING

The amplifier uses three separate meters to
simultaneously monitor plate current, grid
current and a choice of plate voltage, power
outputor filament voltage. Each meterisiden-
tical with a 1-mA full-scale movement. As
mentioned previously, the custom scales for
each movement were designed using the
Meter Basic software from Tonne Software.
This allows up to three scales on each meter.
Scales can be designed as either linear or log
and the number of major and minor tick marks
can be specified. Each scale can be labeled
using different font size and color. The author
printed the scales using a color inkjet printer
onto glossy photo paper. The scales were care-
fully cut to match the meter faceplate and
glued into place using a thin coat of
adhesive.

Plate current is measured by M1 in series
in the B— line using a current divider (R114
and R115) as shown in Fig 17.58. Adjust
R114 to obtain full scale with 1-A of plate
current. The meter was calibrated prior to
installation using alow-voltage power supply
with adjustable current limiting in series with
an accurate digital meter.

M2 monitors grid current by measuring
the voltage drop created by grid current flow
through the 10-Q resistor, R104. Connecting
a voltage source (ie, small variable power
supply) across R104 and measuring the actual
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current flow with an external meter provides
a way to set the calibration pot, R105.

M3 is a multimeter that reads HV, RF
power or filament voltage. The metering cir-
cuit is selected using a 2P3T rotary switch
(S5). The HV metering circuit is in the HV
power supply and fed to the RF deck through
the control cable. The filament-voltage detect
circuitis shown on the control circuit diagram
(Fig 17.57: D207, D201 and R202). Adjust
R202 for the proper reading on Meter M3.
The 3.1-V zener (D201) expands the meter
scale for more precise reading.

The RF wattmeter circuit is also shown in
Fig 17.57. Only forward power is measured
and potentiometer R403 is used for calibra-
tion. The wattmeter is nota precise instrument
but gives a relative output reading. It is ad-
equate for peaking power output when tuning.
The meter provides good accuracy through
40 meters and then begins to read lower on
the higher-frequency bands. This is due to
the simplicity of the circuit and the toroid
used. Quite honestly, don’t expect much ac-
curacy from this wattmeter.

HV POWER SUPPLY

The matching HV Power Supply
(Fig 17.58) provides approximately 4000 V
under load. Ituses a full-wave bridge rectifier
and is filtered using a single 53 puF/5000-V
oil filled capacitor (C301). Whenever the HV
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supply is plugged into the 240-V line, live
120 V ac is routed to the RF deck through
the control cable. The 120-V ac line is ob-
tained from L1 and neutral of the 240-V ac
line. The neutral line is isolated from ground
for safety.

Actuating the on/off switch S1 on the front
panel of the RF deck provides ac power to
the low-voltage power supply. In turn, +12 V
is returned to the power supply through the
control cable and routed to a pair of solid
state power relays (K1, K2). Also, +12 V is
routed to a timer relay that provides a two-
second delay in applying +12 V to the second
pair of solid-state relays (K3, K4). During
the two-second delay, each leg of the 240-V
ac primary voltage is routed through a 25-Q
resistor (R301, R302) to reduce the current
surge when charging the filter capacitor,
C301.

HV is metered at the bottom of the two
series 100,000-Q bleeder resistors (R303,
R304). A current divider is created using a
small potentiometer (R306) in parallel with a
25-Q/5-W resistor (R305). The current di-
vider is in series with the bleeder resistors and
tied to the B— line. R306 is set to allow 1 mA
of current to flow to the HV meter located on
the front panel of the RF deck with 5000 V
HV dc. The potentiometer R306 and the paral-
leled fixed resistor R305 need handle only a

small amount of power, since the voltage and
current flow is quite small at this point in the
circuit.

The HV cable between the RF Deck and
power supply is made from a length of auto-
motive-ignition cable that has a #20 wire and
60,000-V insulation. Be sure to get a solid-
wire center conductor and not the resistive
carbon material. Also use high-quality HV
connectors that are intended for such an ap-
plication. Millen HV connectors (50001) were
used in this amplifier. Coax boots intended
for coaxial cable are used on each connector
for added insulation and physical strength.
The mounting holes for the Millen connectors
are oversized and plastic screws were used for
safety.

TUNING AND OPERATION

The amplifier is very easy to tune after the
initial settings of the tune (C101) and load
(C102) controls are determined. The correct
settings are determined with a plate current
of 700 mA with a corresponding grid current
of 200 mA. The turn counters provide excel-
lent resetability once the proper settings have
been found initially. Required drive power is
about 75 W for 1500 W output.

Thanks to CPI Eimac Division, LDG
Electronics, and MTI Inc (Radio Switch) for
their support in this project.



