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A 0.5-Watt 47-GHz Power Amplifier

Using’ GaAs Monolithic Circuits
G. Hegazi, K. Pande, F. Phelleps, E. Chang, A. Cornfeld, P. Rice, M. Ghahremani, and P. Pages

Abstract— 47-GHz Monolithic microwave integrated circuit
(MMIC) power amplifier chips have been developed using 0.35-
mm gate-length molecular beam epitaxial (MBE) MESFET tech-
nology. The amplifier chips have been assembled in a waveguide

package to constitute a 47 GHz power amplifier with nominal

output power of 0.4 Watt and 15 dB of gain. The saturated

output power of this amplifier exceeded 0.5 Watt. These power
and $gain results might represent the highest reported to date at

thk frequency from an MMIC amplifier utilizing 0.35-mm gate-
Iength MESFET. This amplifier has an application as a driver
for a monolithic doubler circuit to reliably produce greater than

80 mW of output power at 94 GHz for missile seeker application.

I. INTRODUCTION

94 -GHz monolithic power transmitters have potential ap-

plications for W-band missile seekers and phased array

radars. However, no such transmitters are readily available

due to the lack of power amplifiers with desired output power

(e.g., 80 mW) at 94 GHz. Although psuedomorphic InGaAs

and lattice matched InP high-electron mobility transistors with

multi-quantum well structures show excellent potential ‘for

power amplification at W-band [1]–[3], their usage is limited

due to relatively low yield as a result of 0.1 m gate lengths.

Moreover, their reliability has yet to be established for power

applications. Therefore, the option of doubling 47 GHz of

power to 94 GHz is quite attractive since reliable, high yield

0.35-mm gate-length FET’s can be used for the 47 GHz power

amplifier chips [4], [5].

II. AMPLIFIER CONFIGURATION

The amplifier comprises two types of chips: driver chips

(type @ ancl power chips (type B). A microphotograph of
both types of chips is shown in Fig. 1. The driver chip utilizes

a 0.4-mm FET while the power chip utilizes two 0.4 mm

FET devices combined in parallel. The baseline monolithic

driver chip design consists of single-stage, 0.4-mm FET power

amplifier with dc blocking capacitors and on-chip bias and

stabilization networks. The power chip consisted of two driver

chips combined in parallel using integrated Wilkinson type

divider/combiner circuits. A small signal equivalent circuit was

obtained for the MESFET device by matching its measured S-

parameters to its equivalent circuit S-parameters. The optimum
load impedance, required by the MESFET to deliver its
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Fig, 1. Microphotograph of 47-GHz amplifier chips (A and B types).

maximum output power at 47 GHz, was calculated with a

load pull program that uses the device equivalent circuit and

its dc parameters in the simulation process as described in

[6]. In the MMIC circuit design, the output matching circuit

presented the optimum output impedance to the MESFET in

its bandwidth of operation, thus, achieving maximum power

in that bandwidth. The input matching circuit was designed

by conjugate matching the MESFET input impedance with

that device, terminated with the optimum load impedance to

achieve maximum gain. The source and load match were then

optimized for input return loss and gain flatness across the

bandwidth of operation by using Touchstone microwave circuit

analysis program. A stabilizing RC circuit was integrated with

the gate bias network to ensure unconditional stability of the

chip operation down to few MHz frequency range. A potential

divider circuit was’ also included at the input to the gate of the

FET to scale the available power supply voltage of –5 V of

the system to a nominal value of –0.8 V. At the drain side, the

+5 V power supply voltage of the system was applied without

scaling to the bias circuit of the drain.

The previous two types of chips were used to construct the

four-way combined amplifier as is shown in Fig. 2. The hybrid

dividers and combiners used were regular and offset Wilkinscm

type circuits fabricated on 5-roil fused silica substrates. The

chips, together with the combiners, were mounted on a flat

center block that was then sandwiched between two ridged

waveguide-to-microstrip transitions.
,

III. AMPLIFIER PERFORMANCE

The amplifier was RF tested using a U-band waveguide set- ~

up. The gain is shown vs frequency in Fig. 3 for three input

drive levels, namely O, 8, and 10 dBm. The amplifier gain is
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Fig. 2. Assembled 47-GHz 0.5-Watt power amplifier.
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Fig, 3. Measured gain vs. frequency of the amplifier for three input drive
levels.

about 15 dB across the bandwidth from 46.5 to 47.5 GHz with

an output power level of 0.4 W. The input power vs. output

power of the amplifier is shown in Fig. 4 for three frequencies,

namely, 46.5, 47, and 47.5 GHz. It is seen that the saturated

47-GHz output power of the amplifier exceeded 0.5 W. The

dc power consumption of this amplifier is 5 V and 1.85 A.

The reliability of the amplifier operation was checked by

performing a thermal measurement using infrared analysis.

The measured junction temperature of the FET devices was

40”C maximum at room temperature. Since this FET can

operate reliably with a junction temperature below 135”C,
these results indicate that the amplifier can operate reliably

up to an ambient temperature of 90° C.

A 47-GHz power

IV. CONCLUSION

amplifier was demonstrated using high-

; 30

T
~ 28

u
T 26

p 24

0
w 22
E

R 20

d
18

~ 16

/// /1 II+46.5 GHz
{

Y 11-
‘/f I I I I II-*--II

L-

...
02468 10 12 14 16 18 20

INPUT POWER dBm

Fig. 4. Measured input power vs. output power of the amplifier at 46.5, 47,

and 47.5 GHz.

yield, reliable MMIC power amplifier chips. The amplifier

delivers a saturated output power exceeding 0.5 W at 47 GHz,

and has a nominal output power of 0.4 W with a gain of 15 dB

from 46.5–47.5 GHz. This amplifier has potential application

as a driver for a monolithic frequency doubler to obtain power

at 94 GHz.
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