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A 25-W 5-GHz GaAs FET Amplifier for a
Microwave Landing System

KAZUHIKO HONJO AND YOICHIRO TAKAYAMA, MEMBER, IEEE

A bstract— A 25-W 29-dB gain 5-GHx GaAs FET amplifier has been

developed which can be used for a transmitter in the Microwave Landing

System. By using 1O-W class praeticaf intemafly matched GaAs F’ET’s

hermetically sealed in ceramic packages, the four-stage amplifier has been

constructed simply. The nmpfifier provides 30-W power output with 18.5-

pcrcent power efficiency at 17-dBm power input level. It afsu exhibited an

exceffent AM/PM conversion of approximately 10/dB, compared to

6°/dB for TWT amplifiers.

I. INTRODUCTION

w ITH THE RECENT significant progress of power

GaAs FE37s, it has become possible to replace

1O-W class TWT amplifiers by solid-state FET amplifiers

in some microwave communication systems [1 ]– [3]. How-

ever, the circuit configurations of these amplifiers are com-

plicated and 1O-W amplifier power output level is not high

enough to use in such a system as the Microwave Landing

System (MLS) used at airports. For the MLS amplifier,

15-W power output under linear operation at 100-mW

power input over the 5031.0- 5090.7-MHz band is required

[4]. To push the TWT amplifier replacement still further,

practical higher power devices under reliable operating

conditions and simple amplifier circuit configuration are

required.

The purpose of this paper is to present the design

considerations and performance results on a 25-W 5-GHz

GaAs FET amplifier for the transmitter in the Microwave

Landing System. The amplifier for the TWT amplifier

replacement has simple four-stage construction using prac-

tical internally matched GaAs FET’s assembled in ceramic

packages. The amplifier provides 25-W power output with

29-dB gain and 18-percent power efficiency over the 4.9-

5.2-GHz range, At 17-dBm power input level, 30-W power

output was obtained. The amplifier exhibited excellent

AM/PM conversion of approximately 10/dB, compared

to TWT amplifiers.

II. INTERNAL MATCHING FOR POWER GRAS FET’s

The power GaAs FET’s used in the amplifier are newly

developed V248 series devices [5] except for the NE 868496

in the first stage. The V248 FET gate length is 1,3 flm and
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Fig. 1. Equivrdent circuit for internally matched GaAs FET.

gate finger length is 190 pm. The single chip has an eight
cell structure and 15.2-mm total gate width. The FET has

graded recess structure, gate-source cross-over structure

and chip-side metallization for source grounding. The real

part of the singlechip input impedance is 0.58 Q at 5 GHz.

The single-chip FET measures 2.2X 0.7 mm. In the ampli-

fier, one V248A, two V248B’S, and four V248B’S are used

in the second stage, the third stage, and the final stage,

respectively. The V248A has one-chip structure and the

V248B has two-chip structure with 30.4-mm total gate

width. These V248 devices are hermetically sealed in “98”

ceramic packages.
The equivalent circuit for the internal matching network

is shown in Fig. 1 [6]. The input internal matching network

has a lumped-element two section low-pass form. The

output internal matching network has a one-section semi-

distributed form. The matching networks were designed

with a computer-aided design optimization, based on

small-signal S-parameters. Based on this result, a trial

device with the matching network was constructed. The

output networks were experimentally optimized using the

equivalent load-pull measurements for trial devices with

the matching networks [7]-[9]. Fig. 2 is a photograph of

the internally matched V248B in a “98” ceramic package.

The input network consists of lumped-element inductors

and low-loss capacitors. All inductors were realized by

30-pm diameter gold bonding wires. The low-loss capaci-

tors were formed with a single 0.1 -mm thick high-dielectric

ceramic plate, whose main composition is BaO- TiOz. Its
relative dielectric constant is 39 and loss tangent is 2 X 10”.

The electrodes were formed by thick film technique with

Au paste. By this configuration, low-loss matching and

phase uniformity within multichip devices were retained

very well for the extremely low-impedance wide two-chip

device, such as 30.4-mm gate-width device. The output

network consists of bonding wires and rnicrostrip stubs

formed on a l-mm thick alumina substrate.

The small-signal input and output impedances for inter-

nally matched V248B are shown in Fig. 3. Fig. 4 shows the
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Fig. 2. Internally matched FET V248B assembled in ceramic package.

input– output responses and output power responses versus

frequency for the V248A and the V248B internally matched

power FET’s. The V248B FET has 8-W power output at

l-dB gain compression with 7-dB small-signal gain, over

4.9- 5.2-GHz range, without any external matching. It also

has 1O-W saturated power output and 24.5-percent maxi-

mum power added efficiency. The internally matched power

GaAs FET V248A has 4.4-W power output at l-dB gain

compression with 8-dB small-signal gain, without any ex-

ternal matching. It also has 5.7-W saturated power output

and 26-percent maximum power added efficiency.

III. AMPLIFIER DESCRIPTION

To achieve the requirement for the power output, the

amplifier having 25-W power output at 1-dB gain compres-

sion was designed. Fig. 5 shows a block diagram and a

level diagram for the four-stage 25-W amplifier. The first

stage has an external matching circuit. By introducing the

internal matching technique for higher power FET’s, a

multistage amplifier was constructed without external

matching in the V248A and the V248B stages, except fine

adjusting stubs for efficient power combining. The four-

stage amplifier has a four-way power combining output

stage consisting of four internally matched power FET’s

(V248B). Power dividing and combining are made with

3-dB branch-type microstrip couplers. A 0.5-dB loss is

estimated on a single 3-dB branch-type coupler including a

dc block capacitor.

1,0

-1,0

Fig. 3. Small signaf input and output impedances for internally matched
FET V248B, ZO = 500.
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Fig. 4. Input– output response and output power response versus
frequency for V248A and V248B internally matched power FET’s.

In a microwave amplifier, low-frequency impedance de-

pends on bias circuits. Bias circuits for GaAs FET ampli-

fier have to suppress off-band parasitic oscillations without

dc power dissipation and degrading RF characteristics.

Fig. 6 shows an equivalent circuit for a gate-bias circuit of

the MLS amplifier, The circuit consists of a microstrip-line

quarter-wave transformer T (length 1, characteristic imped-

ance Zm ), multilayer ceramic-chip capacitors Cz, C~, a

feedthrough-type ceramic capacitors Cl, a thin-film resistor

RI, and a ferrite-core inductor L,. The capacitances and

the inductance measured at 1 MHz are Cl = 1000 pF,

C2 = 330 pF, C~ = 1 pF, and L}= 1 mH. The other circuit

element values are R, =15 G?, l=~~g, and Zw = 100 Q

where A ~ is the wavelength at 5 GHz in the microstrip line.

A self-resonance frequency of the 1-pF multilayer ceramic-
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Fig. 7. 25-W four-stage mpfifier toptiew wi&housing cover removed.

chip capacitor (CS) is lower than 5 GHz, and the imped-

ance of C3 is nearly 10 Q at 5 GHz. Therefore, the gate bias

circuit output impedance 22 is high enough not to degrade

the RF characteristics. The thin-film resistor R ~ causes no

dc voltage drop, because there is no dc current in the gate

bias circuit.

Fig. 7 is a top view of the 25-W four-stage amplifier with

housing cover removed. Microwave microstrip circuits, in-

cluding the 3-dB couplers and the first-stage matching
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Fig. 8. Power output versus power input and frequency response for
four-stage amplifier.

circuit, were fabricated on 0.6-mm thick glass-fiber sub-

strates having 2.6 relative dielectric constant. Microstrip

conductors have a CU–AU metal system. As shown in the

Fig. 7, each V248B FET is partitioned by metal walls to

avoid mutual coupling. In the amplifier, six 50-Sl termina-

tions are used. The allowable dissipation power of the

single termination is 10 W. The amplifier requires 9 V for

drain bias power supply and – 5 V for gate bias voltage

supply. The gate bias voltage for each FET was adjusted

individually, considering power efficiency and nordinearit y.

Power efficiency and nonlinearity depend largely on gate

bias voltage.

Amplifier size, including the heat radiating fin, is 24 X 23

X 8.5 cm. The weight is 4.8 kg.

IV. PERFONANCE

Power output versus power input and frequency re-

sponse for the four-stage amplifier are shown in Fig. 8. For

15-dBm input power level, the amplifier provides more

than 25-W power output over the frequency range from

4.98 to 5.1 GHz and more than 20-W power output over

the frequency range from 4.9 to 5.2 GHz, It also covers the

4.9–5.2-GHz range with more than 25-W power output,

and has 30-W power output with 18.5-percent power-added

efficiency at 5.05 GHz, for 17-dBm input power level.

Output stage power combining efficiency is more than 90

percent.

Fig. 9 shows the AM/PM and AM/AM conversion

characteristics for the FET amplifier. The AM/PM con-

version for the amplifier is approximately 10/dB over the

5– 18-dBm input dynamic range. These demonstrate super-

ior FET amplifier linearity, compared to 6°/dB for an

equivalent TWT amplifier.
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Fig. 9. AM/PM and AM/AM conversion characteristics for 25-W
amplifier.
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Fig. 10. Output power versus frequency for FET amphfler at – 20°C
O“C, 26”C, and 50”C.

The amplifier was evaluated over a wide ambient tem-

perature range from – 20”C to 50°C under forced air

cooling condition. Fig. 10 shows the output power versus

frequency at four temperatures, – 20”C, O“C, 26”C, and

50°C. The variation in output power over the temperature

range was 2 dB at 15-dBm input power level. DC power

dissipation for a V248B FET is 21.1 W under no RF drive

condition. Since its thermal resistance, measured from FET

channel to package flange, is 27.5 OC/W, the temperature

rise is about 60° C. As the measured package flange tem-

perature was 40”C at 27°C ambient temperature, the de-

vice channel temperature is estimated to be 100°C at 27° C

ambient temperature and about 120”C at 50° C ambient

temperature. Under normal RF operating conditions, V248

B FET power dissipation is lower than 21.1 W. For in-

stance, assuming that drain current is constant under RF

operating condition and power added efficiency is 20 per-

cent, an 11.6°C channel temperature drop can be calcu-

lated, compared to the no RF driving state. Thus the

channel temperature is estimated to be lower than 125”C,

even at 50° C ambient temperature. The lifetime has been

estimated to be 107 hours at 125 ‘C channel temperature
[10].

V. CONCLUSION

A 25-W 5-GHz GaAs FET amplifier for the transmitter

in the MLS has been developed. By using the practical

internally matched GaAs FET’s, hermetically sealed in

ceramic packages, the four-stage amplifier has been simply

constructed. The amplifier provides 25-W power output at

l-dB gain compression with 29-dB gain over the MLS-band.

At 17-dBm power input level, 30-W power output was

obtained with 18.5-percent power efficiency. Compared to

TWT amplifiers, the amplifier exhibited excellent linearity.
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