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Abstract — In the paper a balanced high power ampli-
fier with class A silicon bipolar transistors for L-band T/R
module is described. The amplifier was designed for max-
imum power and minimum transmitance distortions. The
obtained parameters of the amplifier are as follow: output
power at 1 dB compression P; ;5> 49 dBm, linear gain
IS,;| > 10 dB, and transmitance deviations during the RF
pulse: phase Aarg(S,;) < 0.9° and AP, < 0.2 dB.
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1. Introduction

For the last few years fast development of microwave power
amplifier has been achieved. These devices are widely ap-
plied in radiocommunication and radiolocation systems [1].
The power amplifiers for T/R modules of active phased ar-
ray radar should be characterized by small transmitance
distortions. The recommended phase changes of transmi-
tance during power pulse are less than Aarg(S,;) < 1°, be-
tween pulses Aarg(S,;) < 0.1° at the power changes less
than AR, ;; < 0.2 dB [1].

The paper describes 100 W balanced power amplifier with
two bipolar transistors designed at the Institute of Radio-
electronics of the Warsaw University of Technology. The
presented project is a continuation of a research work [2].
The significant improvement has been achieved.

2. The design method

The design procedure of power amplifiers has been exactly
explained in the grant KBN report [3]. The described am-
plifier was designed with two silicon, bipolar transistors
LFE15600X made by Philips. It’s parameters are shown
in the Table 1. These transistors are intended for use in
common emitter, class AB amplifiers in CW conditions for
professional applications. The amplifier described in the
paper was worked in keyed class A mode.

The selected transistors, due to input and output inner
matching sections, essentially are intended for amplifiers
with a relative bandwidth less than 5% at 1.5— 1.7 GHz
range. The outside input and output matching sections were
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designed in such way to change the frequency range into
desired range of 1.28—1.42 GHz. The developed algo-
rithm with aid of universal microwave circuits simulator as
well as an original, self-made computer program was used
for calculation [3]. As a substrate RT/Duroid 6010 (Rogers
Corp.), & = 10.8, h = 0.635mm was used. The layout of
the amplifier is shown in Fig. 1.

Table 1
Parameters of the class AB power amplifier

Mode f Uce | lco | Pout | Gpo | e
of operation [GHz] | [V] | [A] | [W] | [dB] | [%]
Class AB (CW) | 1.5 24 102 55 8 50

3. Measurement results

The amplifier worked in keyed class A mode. This kind
of work permit to increase the supply conditions of transis-
tors. Quiescent bias point was: I =6 A and U, =24V
at open state of the transistors. The open time was 50 Us,
duty factor 0.3% and the width of power pulse was 24 Us.
The linear gain and output power at 1 dB gain compression
point versus frequency is shown in Fig. 2. The charac-
teristic of output power versus input power are presented
in Fig. 3.

The measurements of transmitance distortions during
RF pulse were made. The self-invented measurement sys-
tem was applied [3]. The measured transmitance phase
changes were less than Aarg(S,;) < 0.9°. The “stability”
of the output power was better than AR, ; < 0.2 dB during
the RF pulse.

4. Conclusions

The measured amplifier parameters prove accuracy of used
design procedure. The output power at 1 dB compres-
sion point exceeds 49 dBm, gain is better than 10 dB in
band 1.28—-1.42 GHz. The amplifier’s transmitance devia-
tions during the RF-pulse are less than: 0.9° for phase and
0.2 dB for amplitude.
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Fig. 1. The layout of the 100 W amplifier. Explanations:
copper wire.

F — ferrite bead, L1 — 4 turns 0.5 mm copper wire, L2 — 3 turns 0.5 mm
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Fig. 2. The amplifier gain and output power at 1 dB gain com-
pression point.

The amplifier worked in keyed class A mode. This kind of
work permit to increase the supply conditions. The supply
conditions were safe. It is possible to increase the P, 45
above 50 dBm by changing supply: U-g up to 28 V and I
up to 8 A. The obtained results show that the amplifier can
be applied in T/R module for active phased array radar.
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Fig. 3. The amplifier output power versus input power.
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