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Nq any hams enjoy both phone and cw
QRP operation. Occasionally, they may
desire a bit more power than the 2.5 watts
available from rigs such as the popular
Ten-Tec Argonaut. Before the 1978 FCC
rulings regarding linear amplifiers went
into effect, Ten-Tec manufactured a com-
panion amplifier for the Argonaut; but
these amplifiers are no longer being made,
and finding a used one for sale is nearly
impossible. Building an amplifier might
seem like a difficult task, and most articles
detailing construction of solid-state rf
power amplifiers are limited to the
100-watt (or more) output class. Low-
power amplifiers, which have appeared in
the amateur journals, tend to be Class C
types and are therefore unsuitable for ssb
use.

The need for design and construction
information is a particular one for those
interested in a compact, medium-power
amplifier. From the author’s experience,
ther: appears to be a need for more design
criteria, which would enable any prospec-
tive builder to design rf power amplifiers
around any suitable power device without
having to rely on circuit duplication as a
guarantee of success. These thoughts ini-
tiated the design and construction of the
amplifier presented here.

Designed to be a companion to my Ten-
Tec Argonaut transceiver, this amplifier
can also follow any suitable 2-watt driver.
Although a pair of Motorola MRF449A
transistors is used, sufficient information
is provided for accommodating necessary
design changes to meet the specifications
of other power devices. [ felt that most
other power amplifier design articles are
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too.

too ‘‘cookbook’ in the sense that pro-
spective builders usually have no way to
discern from them if device substitutions
are possible. Thus, you are discouraged
from the attempt because you cannot
make an exact duplicate. Some design
criteria are presented here to aid prospec-
tive builders, and you are encouraged to
substitute wherever feasible in the interest
of reducing costs and using the contents
of your ‘‘junkbox.’’ If you are a good
scrounger, you can build this amplifier for
less than $100. The transistors can be pur-
chased for less than $12 each and repre-
sent the largest single component cost. 1
have not provided a circuit board pattern
because this unit is a prototype.

General Description

Motorola MRF449A transistors are
employed in a push-pull, broadbanded
circuit.  Broadbanded, ferrite-loaded
transformers are used for both input and
output impedance matching. Input gain
compensation networks and negative
feedback are used to provide an almost
flat response across a frequency range of 3
to 30 MHz. The amplifier is followed by a
set of band-switched, 5-section Chebyshev
filters. Although push-pull operation
reduces even-order harmonics, odd-order
harmonics will not be adequately sup-
pressed without the use of the filters.

Class AB operation is established by
providing forward bias to the transistor
bases so that the transistors will draw a
small amount of quiescent collector cur-
rent. Provisions are made for antenna
switching using a built-in relay. The relay
can be activated either by using an exter-
nal control voltage controlled by the
driver PTT line (not to exceed 9 volts) or

gy There comes a time when
you have to put your QRP
feet into some QRO boots to
wade through the QRM.
Here's a way to do it and
enjoy a building experience,

By Steve Kapplin,* W4YVP

Table 1
Amplifier Operating Specifications

Input/output impedance: 50 ohms

Output power (50-o0hm load): 50 watts PEP

Driving power required: 1.25 watts PEP
(+1dB)

Input VSWR: 1.5:11

Frequency coverage: B0 to 10 meters

Power requirements: 12 to 14 V dc at
8A

by an internal, rf-activated relay driver; a
front-panel mounted switch provides
selection. The builder can, of course, use
any control method that is convenient.
Nominal specifications of the amplifier
are detailed in Table 1.

Circuit Description

The power amplifier schematic diagram
is shown in Fig. 1. An input matching
transformer, T1, is followed by the input
correction networks (two 3.3-ohm
resistors and two 0.0033-uF  mica
capacitors) and a bias feed network con-
sisting of RFC1, RFC2 and R2. T2 is the
shunt-feed transformer, and T3 is the out-
put impedance-matching transformer.
The two 6.8-ohm resistors in the base cir-
cuits provide base stabilization and a
ground return path for the bias supply.
With R2 in the bias feed network, suffi-
cient current will stand in the biasing
dipdes to stabilize the bias voltage under
full base current. It is essential that the
base bias be regulated to within 0.1 volt
from idle to full base current. For tran-
sistors such as the MRF449A and
MRF450A, an Hy, of 30 is typical. Thus,
base current varies from a value of less
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Fig. 1 — Schematic diagram of the linear amplifier. The ferrite beads in the feedback networks are slipped over one lead of each capacitor, which

has a length of 1/2 to 1 inch (13 to 25 mm).

D1-D3, incl. — Silicon, 50 PIV, 1A (1N4001 or
equiv).

D4 — 15-V, 10-W Zener (ECG5191A or equiv).

J1, J2 — Phono jacks.

Q1, Q2 — Silicon rf power transistor, 60 W
(Motorola MRF 4489A or equivalent, see

than 5 mA to over 250 mA peak during
ssb operation. Regulation of the base bias
voltage is provided by the shunt diodes
(D1, D2 and D3), which act as a Zener
regulator. The diodes are forward biased
through the dropping resistor (R1) and the
emitter follower (Q3) which provides a
small range of adjustment.

Perhaps the most perplexing aspect of
solid-state power amplifier design is
represented by the input correction net-
works and the feedback networks.
Without the aid of computer simulation
programs, the design of these networks
resembles minor surgery coupled with a
twist of voodoo! Transistors exhibit in-
creased gain at lower operating frequen-
cies. Over the nearly four-octave range of
a broadband amplifier, transistor gain will
typically vary from 15 dB at 30 MHz up to
28 dB at 3 MHz. The purpose of the cor-

16 05T=

text).

Q3 — Silicon af power transistor, 50 W (TIP
32 or equiv).

R1 — 50 2, 10 W, adjustable.

R2 — 0.47 1, 5 W, wire wound (Radio Shack
271-130).

rection and feedback networks is to im-
prove the broadband characteristics by
flattening out the gain curve and improve
stability across the operating frequencies.
Component values are chosen to provide a
reduction in gain that is proportional to
the increase in transistor gain at decreased
operating frequencies. The total amount
of gain compensation is split between the
input correction and feedback networks.
No more than about 6 dB of feedback
should be used with power devices
operating at power levels of approximate-
ly 50 watts; more than that tends to in-
crease harmonic production.

The MRF449A exhibits a change in gain
of approximately 8 dB from 4 to 30 MHz.
If this amount of gain is split between the
correction and feedback networks, then 4
dB of input correction is required. Ac-
cording to the MRF449A data sheet, the

R3 — 1 k! pc-mount potentiometer.

RFC1, RFC2 — Ferrite core type, 10 uH
minimum inductance (see text).

RFC3 — 3 turns no. 16 or 18 enameled wire
on Amidon FB2401-43 bead.

T1, T2, T3 — See text.

30-MHz gain of the device is 17 dB.
Therefore, the device gain at 4 MHz will
be about 25 dB. For 50 watts of output
power and a power gain of 25 dB, the
driving power required is 50/316 = 0.16
watt. The push-pull input impedance for
the MRF449A is about 13.5 ohms at 4
MHz. (This value was not available from
the data sheet and was ‘‘guesstimated’’ by
averaging input impedances of other tran-
sistors for which data were provided.) For
transistors in this general power class, this
estimate should do for an initial design.
Network design is accomplished as
follows:!

1) Find the required base-to-base drive
voltage:

Viy = VP, X Ry, = V0.16 X 13.5

'Notes appear on page 20.




2) Find the drive current:

It‘—h = Vh-h/thh — 8 [ B FE 0.11A
where

Vi.p, = drive voltage, base-to-base.

Ry, = input impedance, base-to-base.

Iy, = drive current, base-to-base.

P; = input drive power.

The gain change of 4 dB will be ab-
sorbed in the correction network. The re-
quired resistance is found by:

(Vpp X 4dB) — Vi

lh—h

R=

(1.48 x 1.58) — 1.48

= 7.8
0.11 [t

or 3.9 ohms in each base lead. (Note that
the 4-dB voltage ratio is used in the for-
mula.)

Because of the feedback network, input
correction resistors of 3.3 ohms were
found to be sufficient. Although the ab-
solute value is not critical, carefully
matched resistors should be used. Each
resistor is shunted by a mica capacitor.
The reactance of the capacitor at midband
(15 MHz) should equal the resistance that
it shunts.

The value of the resistors used in the
feedback network was chosen experi-
mentally. Once the amplifier is completed
and ready for bench testing, the gain
curve can be measured and the amount of
feedback or input correction can be
charged to produce a reasonably flat
response across the bandwidth of the
amplificr. It should be possible to provide
a gain curve that is flat within 2 or 3 dB
from 3 to 30 MHz. With the component
values given here, this amplifier was flat
within =1 dB.

It is better to compensate the gain curve
with the correction networks than to use
feedback. Excessive feedback will increase
the level of harmonics and can degrade
the third-order IMD performance, while
insufficient feedback leads to instability.
Both the feedback and input correction
networks aid in providing stable opera-
tion. You could start by using the feed-
back networks only, experimenting with
resistor values until you provide about 4
dB or so of gain compensation. Then add
the input correction network and experi-
ment with resistor-capacitor combinations
until the additional gain compensation is
provided. It is possible to produce a
relatively flat gain curve. If you choose to
extend operation down to 160 meters, the
input networks described here may have
to be changed.

The input transformer must provide a
midband impedance transformation from
the base input impedance to 50 ohms. The
MRF449As exhibit a base impedance of
about 3 ohms each at midband or 6 ohms
in push-pull. This would require a 9:1 im-
pedance transformation for a good match

to 50 ohms. However, the input correc-
tion networks are in series with the base
and add to the base-to-base impedance,
while feedback tends to reduce input im-
pedance. At midband the imput im-
pedance appeared to be about 13 ohms,
base-to-base. This value can be matched
fairly well with a 4:1 transformer. A sim-
ple conventional transformer having a 2:1
turns ratio, or a 4:1 balun, can be used.
The conventional transformer used in this
design provided a reasonable input VSWR
of less than 1.5:1 from 80 to 10 meters.

Biasing Network

The biasing network incorporates three
50-V, 1-A diodes in parallel, which act as
a Zener diode. The diodes are forward
biased by applying a dc voltage from the
+ 12-volt supply through dropping
resistor R1. The emitter follower, Q3,
provides a small range of adjustment by
means of R3. Initially, bias is set at 0.68
volt as measured at the bases of Q1 and
Q2. Motorola does not publish data for
the MRF449A in ssb service, so the best
setting for collector idling current must be
guessed at. Setting the bias at 0.68 volt
should ensure proper operation for this
transistor. Where possible, however, a
data sheet should be consulted for the ap-
propriate idling current.

Dc collector current passes through T2
rather than through the center tap of the
output transformer, T3. This arrange-
ment provides better balance and im-
proved suppression of even harmonics,
particularly important if the transistor
pair isn’t matched. T3 may also be made
physically smaller since it does not have to
carry dc as well as rf currents; it matches
the collector output impedance of Q1 and
Q2 to a 50-ohm load. The output load im-
pedance for push-pull operation is found
by:

2(Vce — Vegpsa)®
Puul

2(13.6 — 1.6) .
- - = ..‘7
50 60

R[_ =

where
Vg is the collector-to-emitter voltage.
V cgsar 18 the collector-to-emitter satura-
tion voltage.
P, 15 the output power.

This impedance can be matched by
using a transformer with a 9:1 impedance
ratio (3:1 turns ratio). The compensating
capacitor, C1, is used to improve the high-
frequency characteristics of the
transformer. A value of 390 pF worked
well in this unit. A small trimmer
capacitor (such as an ARCO 469) might
be used to first find the optimum value.
The trimmer can then be replaced with a
fixed-value silver mica unit.

The amplifier output is fed to the filter
board, which contains five band-
switched, 5-pole Chebyshev low-pass

filters as shown in Fig. 2. Design informa-
tion for these filters may be found on
pages 6-11 and 6-12 of the 1981 Radio
Amateur’s Handbook. ARRL lab tests of
the completed amplifier showed the third-
order IMD products down at least 30 dB
during a two-tone test at 50 watts PEP
output. Second harmonic suppression is
at least 45 dB and third harmonic suppres-
sion more than 50 dB. These arc worst-
case conditions which were measured on
80 meters.

Construction

The power amplifier circuitry should be
contained on a scparate, double-sided pc
board. Leave the bottom foil intact to act
as a ground plane. Modular construction
was used in my unit with the antenna
changeover relay, relay drivers and the
biasing network built on small pc boards.
Between-board connections are made with
short lengths of small-diameter coaxial
cable (RG-174/U) fitted with shielded
phono plugs that mate with jacks at the
proper places. This type of interconnec-
tion provides servicing ease and ensures
good grounding and minimal rf leakage,
which can otherwise lead to rf fecdback
problems or other stray currents. The out-
put filters should be built on single-sided
pc board; their construction will be
covered later.

As may be seen in the photo on page 18,
the amplifier board is mounted in a ver-
tical position on the back panel of a 6 X
6-1/2 X 7-inch (152 X 165 X 178-mm)
enclosure. The transistor mounting studs
and flange project through the pc board,
where they are able to lie flush against the
panel with the studs projecting through
the panel and heat sink mounted on the
opposite side. The heat sink should be
bolted securely to the rear panel to ensure
that both the sink and the chassis will
dissipate the heat. A judicious amount of
heat-sink compound should be used at the
point where the transistors bolt to the
sink. The heat sink I used was a ‘‘junk
box’’ item and measures 1 X 4 X 3
inches (25 x 102 x 76 mm). By itself,
this heat sink is inadequate, but with the
chassis sharing the work, sufficient heat
sinking is available. Two-tone tests,
several minutes in length with the
amplifier operating at full output, did not
raise the sink temperature over 110° F
(40° C).

Physical layout of the amplifier is not
critical, but it should be symmetrical and
linear — input at one end, output at the
other end. The transistor strip leads
should be soldered flush to the pc board.
First, lay out the board and etch it. Then
drill a 3/8-inch hole in the center of the
transistor mounting area. The transistor
flange will push through so that the strip
leads will lie flush on the pc board. Before
soldering the leads to the board, bend a
1/16-inch (1.6-mm) tab up on each lead.
This will make any future removal of the
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Fig. 2 — Schematic diagram of the 5-pole Chebyshev output filters. All
capacitors are silver mica types. Note: All inductors are wound on
Amidon T 68-2 cores using no. 24 enameled wire.

L1, L2 — 21 turns (2.4 uH), f. = 4.5 MHz.

L3, L4 — 15 turns (1.28 uH), f, = 8.5 MHz.

L5, L6 — 11 turns (0.64 uH), f, = 17 MHz.

L7, L8 — 9 turns (0.44 uH), f; = 25 MHz.

L9, L10 — 7 turns (0.31 uH), f; = 356 MHz.

51 — 2-pole, 5-position ceramic rotary.

This topside view of the amplifier shows its modular construction. The bias circuit components
are mounted behind the panel meter. Next in line is the board containing the rf sensing circuitry
for the antenna changeover relay. The relay itself is on a separate board behind the band switch
and output filter board. At the far right is the power-output/SWR-meter board. The final-amplifier
board is secured to the rear panel of the enclosure as described in the text.
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Fig. 3 — Schematic diagram of the antenna switching circuitry. S1 pro-

vides a means of selecting either the control voltage from the exciter or

the rf input to the amplifier to energize K1.

K1 — Dpdt relay, 2-A contacts, 12-V, 100-ochm (minimum) coil (Radio
Shack 275-206 or equiv).

51 — Dpdt miniature toggle switch (Radio Shack 275-1546).

transistor much easier. Be sure to heat
sink the transistors while soldering.

Ferrite Transformer Construction

The three ferrite-loaded transformers
can be constructed from Amidon
FB2403-43 beads (u = 950), some pc
board material and 0.19-inch (4.8-mm)
diameter brass thin-wall tubing. Such
tubing can be purchased at a hobby shop
or 3/16-inch (4.8-mm) copper tubing may
be substituted; the brass tubing is prefer-
red. (Amidon FT50-43 toroids may be
used instead of the beads and 1/4-inch
(6.4-mm) copper tubing in place of the
brass tubing.) Six beads are required for
T1, four for T2 and 10 for T3, If the more
expensive toroids are used, only two are
needed for T2 and eight for T3 at this
power level. A pictorial description of the
mechanical  construction of  these
transformers may be found in chapter two
of The Radio Amateur’s Handbook, 1979
through 1981 editions.

T1 consists of two stacks of three
FB2401-43 beads on lengths of brass or
copper tubing. The end plates are made
from two pieces of pc board material
drilled to accept the tubing. One end plate
has the foil left intact while the other end
plate has the foil cut in the middle. Thus,
the tubing acts as a one-turn winding. The
second winding consists of two turns of
no. 24 insulated wire, which is carefully
threaded through the tubing. This
transformer has a 4:1 step-down ratio
from the primary (2-turn winding) to




sccondary. The center tap on the sec-
ondary is made by soldering the leads of
C1 and RFCI to the center of the foil on
the pc board end plate.

T2 uses two stacks of two FB2401-43
beads each. No tubing or pc board end
plates are used. The two stacks are held
together with electrical or masking tape.
Two turns of a twisted pair of no. 20 in-
sulated or no. 18 enameled wire are bifilar
wound and wired as a 4:1 balun.

T3 is made from two stacks of five
FB2401-43 beads each, constructed
similarly to T1. The secondary consists of
three turns of no. 24 insulated wire. This
transformer has a 9:1 impedance step-up
ratio.

If you decide to use toroids instead of
beads, then use two FT50-43 stacked
toroids for T2. Two turns of a twisted pair
of no. 18 or 20 wire are wound as a 4:1
balun. T1 and T3 are constructed similarly
except that 1/4-inch (6.4-mm) copper
tubing is used. The transformers are not
difficult to construct, but require a bit of
care, T1 and T3 should be constructed
before the board layout is made so they
may be used during that process. RFCI
and RFC2 are small chokes wound on
Amidon six-hole beads. Alternatively, use
a twisted pair of no. 24 wire and wind 4
turns on an FB2403-43 bead.

The 0.47-ohm, wire-wound resistor is a
stock Radio Shack item; do not omit it.
This resistor provides a slight voltage drop
so that when 0.68 volt is present at the
bases of QI and Q2, the current through
the diodes is slightly higher than if the
resistor were not there. Its presence pro-
vides a slightly higher standing current in
the diodes, which helps to regulate the
bias voltage as Q1 and Q2 draw more base
current.

The output filter board is a single-sided
pc board. Do not use two-sided board
because it will degrade filter performance.
A two-wafer switch should be used with a
shield of double-sided pc board between
the wafers. The pc board not only acts as
a shield, but also is a convenient ground
point for the braid of the coaxial cables
interconnecting the switch to the in-
dividual filters. Shields were also placed
between each filter. The shielding between
the individual filter sections may not be
necessary, but the switch shield is. Be sure
that all coaxial cable braids are grounded
at both ends. At this power level, any
lcakage seems to degrade the filter action.

Fig. 3 is the schematic diagram of the
antenna relay circuitry. S1 is mounted on
the front panel of the amplifier enclosure.
Both the transistors and relay are
available from local Radio Shack outlets.

A Breune-type wattmeter® is installed
between the antenna jack and the antenna
relay; the circuit is shown in Fig. 4. Before
installing the wattmeter, it should be
balanced using a 50-ohm load and an ac-
curate wattmeter. This simple wattmeter
has excellent lincarity and will provide

A close-up look at the output filter board. The pc board shield section between the switch wafers
is required to ensure proper output filter performance.

reasonably accurate power measurements
down to the 1-watt level. If you use a stan-
dard 50-uA meter as shown, you can
calibrate the meter face by simply
choosing the desired full-scale power
reading (Pgg); power measurement is then
determined by:

(1/50)2 % Pps.

Adjustment and Operation

First disconnect RFC3 from the dc line
and set R1 at maximum resistance. Set the

bias trimming potentiometer (R3) at
midrange. Apply +12 volts to the
amplifier and, while monitoring the

voltage at the bases of Q1 and Q2, adjust
R1 for a voltage reading of about 0.68
volt. R3 may be used for a fine adjust-
ment. Remove the +12 volt supply,
reconnect RFC3 and install an ammeter in
the dc supply line. Reapply the + 12 volts
to the amplifier and check for 0.68 volt at
the transistor bases; readjust R3 if
necessary. The ammeter in the line should
read about 0.75 A. The value is not
critical, but it should be greater than 0.6 A
for good regulation.

Attach a 50-ohm dummy load (capable
of dissipating 50 watts) and the exciter to
the amplifier. Ensure that both the exciter
and the amplifier are set for the same
band of operation. With power applied to
the amplifier, slowly increase the exciter
output while carefully monitoring the out-
put meter and the dc line ammeter. As
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Fig. 4 — The optional wattmeter schematic
diagram. The diodes, D1 and D2, should be
closely matched in forward and reverse
resistance characteristics; an ohmmeter check
will suffice. R1 and R2 should also be matched
closely for best performance.

L1 — 18 turns no. 26 enameled wire on
FT50-43 core or FB2401-43 bead.

L2 — Short length of RG-58/U (for use with
toroid core) or RG-174/U (for bead); a 1-3/4-
inch (45-mm) length is sufficient. The shield
braid is left on the cable and grounded
only at the output-port side.

R3, R4 — 25-kf! pc-mount potentiometers.
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