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INTRODUCTION

This application note describes a 15 watt carrier power,
amplitude modulated broadband amplifier covering the
118-136 MHz AM aircraft band. Simplicity and low cost
are emphasized in this design through the use of
Motorola’s common emitter TO-220 VHF power tran-
sistors. The power amplifier is designed to operate from
13.5 VDC. High level AM modulation is accomplished by
a series modulator operating from a 27 volt supply.

CIRCUIT DESCRIPTION

The transmitter power amplifier has three stages using
an MRF340 transistor as a pre-driver, a MRF342 as a
driver, and a MRF344 as the final amplifier. All three
devices are common emitter where the mounting tab is
the emitter. The pre-driver stage is forward biased to
enhance linearity and dynamic range. Amplitude modula-
tion is applied fully to all three stages.

The P.A. is designed to operate with 50 ohm source and
load impedances.

DESIGN CONSIDERATIONS

The design objectives are that the transmitter must be
capable of operating over the range of 118 to 136 MHz
with a minimum carrier output power of 15 watts. It must
also be capable of being amplitude modulated greater than
+85% over the frequency range, and the transmitter
should be free from instability.

Other important considerations involve the interstage
and the output networks. The output network is to
operate efficiently at both the carrier power of 15 watts
and. the peak power of 60 watts while providing harmonic
suppression. The interstage networks transform the out-
put impedance of the device to the input impedance of

FIGURE 1 — Modulated Output Waveform of Power Amplifier

f=136 MHz Pcarrier = 15 Watts (2 cms)
% Upward Modulation = 90%

the following device during modulation of all three stages.

In designing the networks, the Smith Chart is used to
obtain initial values. These values were then optimized
using a computer aided design program.

Figure 2 shows a schematic diagram of the transmitter
P.A. RF circuitry.

The pre-driver stage uses a simple m-section input
matching network. Forward bias for this stage is obtained
through the network consisting of R{, Ry, R3, Dy, and is
applied to Qp through L. The quiescent current is
approximately 20ma for the MRF340.
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FIGURE 2 — Schematic Diagram
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C1 — 200 pF

C2, C3 — 47 pF

C4, C5, C9, C23 — .001 Disc Ceramic
C6, C16 — 39 pF

C7 — 68 pF

C24 — 0.1 uf
D1 — IN4002

C8, C12 — 200 pF UNELCO

C10 — 62 pF L1 —-3T

C11 — 43 pF

C13 — 80 pF UNELCO

C14 — 56 pF L3 77T
C15 — 75 pF

C17 — 10 pF L6, L10 — 4T
C18 — 300 pF

C19, C21, C26 — 1uf/50V
C20, C22, C25 — 680 pF Feed through

All inductors other than molded chokes
are wound with #18 AWG 1/8" ID

L2, L5, L8 — .15 uH molded choke
with ferrite bead

L4, L7, L12 — .18 uH molded choke

L9 — piece of wire — 3/4"" long

+13.5 V
+ (Modulated)

All Capacitors < 500 pF
are Dipped Mica

c18

L11 -7T7

R1 —82002 1/4 W

R2 — 3902 1/4 W

R3 — 8202 1/4 W

T1 — 9:1 Unbalanced to unbalanced XFM
#24 AWG 12 crests .
per inch 3.5" long

Q1 — MRF340

Q2 — MRF342

Q3 — MRF344

The interstage between Qp and Q, is designed as fol-
lows. The effective collector load impedance is estimated
to be 100-j50 ohms. The input impedance, Zyy, of the
MRF 342 is 1.75+j2 ohms at 136 MHz (as taken from the
data sheet). One way to match the output of the MRF340
to the input of the MRF342 with a minimum of compo-
nents is through the use of a 9:1 transformer (1,2). Figure
3 shows a Smith Chart plot of the interstage network with
the chart normalized to 50 ohms. Starting at point A, this
impedance is rotated to point B by a shunt capacitor Cg.
The impedance at this point is approximately S to 5.5
ohms. A 9:1 transformer transforms this impedance to
approximately 50 ohms. Point C, the 50 ohm point, is
rotated to D by series capacitor Cg. Point D is then
rotated to point E, the complex conjugate of the output
impedance of Qp, by shunt inductor L3.

A different approach is used for the Q) - Q3 interstage
network. The MRF342 output impedance ZQ[,, and the
MRF344 input impedance ZIN, are taken from the data
sheets. Figure 4 shows a Smith Chart plot of this network
with the chart normalized to 50 ohms. Point A is the
input impedance of the MRF344. This impedance is
rotated ‘to the real axis by shunt capacitors — C12 and
C13. Point B is then rotated to point C by series capaci-

tors — C10 and Cj1. This impedance is then transformed
to the complex conjugate of the output impedance of the
MRF342 by shunt inductor Lg.

The MRF344 output matching network consists of a
shunt inductor at the collector of Q3 followed by two
L-sections. L-sections were used because they provide ex-
cellent harmonic suppression and good efficiency over the
entire band. Figure 5 shows a Smith Chart of the output
network, with the chart normalized to 50 ohms.

All impedance matching element values calculated using
the Smith Chart and optimized with the computer pro-
gram were used as starting points in building the net- -
works. The final component values shown in Figure 2
were derived through on-the-bench tuning and adjustment
and differ from the calculated values as the Figure 2
values cover 118-136 MHz. The calculated values are only
for 136 MHz.

Since low cost is a key factor in the use of the TO-220
devices, inexpensive components are used wherever ap-
plicable. Molded chokes, dipped mica and dipped ceramic
capacitors are used throughout the circuit. One of the
problems encountered when using dipped micas at VHF is
their series lead inductance. The higher capacitance values
approach resonance at VHF. Selected values were



measured on an HP network analyzer at 125 MHz. The
results are shown in Table 1.

TABLE 1
Cnominal (PF) Cmeasured (PF)

5 5
10 10
25 26
30 33
39 45
50 64
75 106
100 161
200 750

Note: All lead lengths kept to an absolute minimum
(<0.1inch)

The data obtained shows that values below 75pf are
usable. Lead length should be kept to a minimum when
using both the dipped mica and the disc ceramic
capacitors. UNELCO capacitors are used in place of the
dipped micas at the base of Q2 and Q3, since the net
required capacitance and base current is very high.

CONSTRUCTION TECHNIQUES

The amplifier is assembled on a 2” X 5” double sided
printed circuit board. Board material is G-10 with a thick-
ness of 0.062”. A 1:1 photomaster of the top side of the
board is shown in Figure 6. Eyelets are placed through the
board at points marked by the letter “O”. The eyelets are
soldered to both sides of the PCB to connect the top
ground to the bottom side ground return. Feed-thru
capacitors are mounted on the DC feed bar which is made
of G-10 PCB. A 1:1 photomaster of the feedbar is also
shown in Figure 6. Eyelets are placed at points marked by
an “O” and feed-thru capacitors are placed at points

marked by an “X”. The DC feedbar is soldered to the
main board. The location of the critical components is

shown in Figure 7. Construction details of the 9:1 imped-
ance transformer are shown in Figure 8. (1,2)

For reliable operation, the transistors must not only be
heatsunk, but they must also be mounted properly for
emitter RF ground retumn. Figure 9 shows mounting de-
tails for the TO-220 package. More detailed information
on mounting is available in AN-778.3) The entire as-
sembly is mounted on a 6 extruded aluminum heatsink
using 4-40 X % machine screws. The heatsink surface
should be flat and free of burrs, particularly around the
transistor mounting holes.

FIGURE 3 — MRF340 — MRF342 Interstage Network
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FIGURE 4 — MRF342-MRF 344 Interstage Network
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Values Calculated at f = 136 MHz

C10+ C11 — 130 pF
C12 + C13 — 365 pF
L6 — 15 nh .

MRF342 ZOL = 17-j4.7
MRF344 ZIN = 1.25 + j2.86

FIGURE 5 — MRF344 Output Network
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C14 + C15 = 100 pF
C16 + C17 = 23 pF

L9 = 1¥nh
L10 = 28nh
L11=90nh

MRF344 ZOL = 4.2-j0.32




FIGURE 6 — 1:1 Photomaster
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FIGURE 7 — Location of Critical Components
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FIGURE 8 — Construction Details of the 9:1 Unbalanced to Unbalanced Transformer
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The transformer is wound with #24 AWG, Three different
colors are used — red, green and blue.

Cut 3 lengths of wire
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FIGURE 9 — Mounting Details for TO-220 Package

FIGURE 10 — Amplitude Modulation Waveforms
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MODULATION

In an amplitude modulated waveform the amplitude of
each cycle of the modulated wave varies in accordance
with the modulating signal. Using voice modulation, the
resultant waveform is not only complex, but difficult to
analyze. Therefore, when testing and analyzing the trans-
mitter P.A., a simple 1 KHz sine wave is used as the modu-
lating signal. When analyzing an AM waveform, one of the
things to consider is the modulation factor (M). M is
usually expressed as percent modulation and is calculated
as follows:

_ Emax — Emin

_— Emax + Emin

X 100%

Figure 10 shows amplitude modulation waveforms.

The above formula is valid only when the modulation
process is symmetrical and little distortion is present. If
significant assymmetry is present then up modulation and
down modulation must be analyzed separately.

—E
M= EgaxE_cc_ X 100% For positive peak modulation
Ec — Emi
M= == E::nm X 100% For negative peak modulation

When a carrier is modulated by a pure sine wave, two
sidebands are generated at the carrier frequency plus and
minus the modulating frequency. The power level of the

sidebands is dependent upon the percentage of modula-
tion. At 100% modulation, the total power contained in
the sidebands is one-half the carrier power or one-fourth
in each sideband. For modulation levels of less than 100%,
the total power is:

PSB = %m?- PC

where m = modulation factor
Pc = carrier power

Collector modulation is a commonly used method for
modulating a solid state transmitter. Using this method,
the modulating voltage is applied to a collector through a
transformer. The secondary winding of the transformer
must be capable of handling the DC current required by
the transistor and have low DC resistance, so as not to
cause a significant voltage drop. The voltage drop will
reduce the voltage applied to the collector of the stage
being modulated.

Another form of collector modulation uses a series
modulator. This type of modulator is used to evaluate the
transmitter in this application note.(4) A series modulator
uses audio power transistors instead of a transformer
secondary. A schematic diagram of the series modulator is
shown in Figure 11. 27 volts is applied to the modulator
and the quiescent DC voltage applied to the transmitter is
set by the 10KS§2 potentiometer.

i+27v o

10 uF

Audio

—

2N3716

2N3716

To
Circuit
Under

i Test

FIGURE 11 — Series Modulator



Table 2 — Performance of the 15 Watt Amplifier

OUTPUT POWER VERSUS SUPPLY VOLTAGE

75
e )
| f=136 MHz
118 MHz 127 MHz 136 MHz Pin =18 mW
Pin (mwW) 14.0 15.0 18.0 2 g
£
L
Pcarrier (W) 15.0 15.0 15.0 =
Total Current (Adc) 22 2.0 2.5 % A6
o
Power Supply Voltage (Vdc) 13.5 13.6 13.6 §
Upward Modulation (%) 89.0 88.0 20.0 6 k%9 7
& /]
Harmonic Rejection (dB) (Relative to Peak Power) mg
2f 55.0 55.0 52.0 2
3f 58.0 58.0 57.0
Load Mismatch Capable of Operating into 3:1 Load VSWR. —
(] 3 5 7 9 17 8 186 12 19 21 23 26" 27
VCC, Supply Voltage (Volts)
Pout is initially set at the carrier power of
15 watts at 13.5 Vdc, then the supply
votlage is varied from 0 to 27 Vdc keeping
Pin constant. This demonstrates the peak
power output capability of the transmitter P.A.
FIGURE 12 — Block Diagram of Swept Set-Up for Tuning Up the Transmitter
Pwr.
wr. Supply Power
gra Meter
Modulator
MHWS590 Transmitter Directional 40 dB
Wavetek —- i i
Module P.A. Coupler Attenuator
Spectrum
Analyzer
Oscilloscope ja@— Detector g—
TEST SET-UP REFERENCES

When adjusting a broadband RF power amplifier, it is
advantageous to have a swept test station. Using a swept
set-up, one can observe the following:

1) The effect of varying individual component values
2) Bandwidth

3) Instability

4) Input VSWR bandwidth.

A Wavetek 1002 Sweep Generator driving a Motorola
MHW590 module is recommended as a drive source.
Figure 12 shows a block diagram of the swept set-up used
to test and evaluate the amplifier.
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