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ABSTRACT

The design, fabrication, and measure-

ments for 44-GHz band molecular beam epi-

taxy (MBE) monolithic power amplifiers are

described. A five-stage balanced amplifier

provided a linear gain of 15.1 dB and maxi-
mum output power of 500 mW at 42.5 GHz.
These results may represent the highest
power and gain achieved from a MIMIC in the
44-GHz band.

INTRODUCTION

Advances in GaAs field-effect transis-
tor (l?W1’) and power technology have led to
recent progress in the development of micro
wave and millimeter-wave monolithic inte-
grated circuits (MIMICS) for system
applications such as satellite communica-
tions and phased-array radars. Recently,
there has been a growing interest in devel-
oping MIMIC components for the 44-GHz band
for MILSTAR applications. A monolithic,
low-noise, high-electron mobility transis-
tor (HEMT) amplifier has recently been
reported at Q-band [1], and MIMIC power am.
plifiers have been presented at 41 GHz
(135 mW) [2] and 58 GHz (136 mW) [3], [4].

This paper describes new results for
U-bancl MIMIC power amplifiers based on an
optimized device structure of large gate-
width periphery (0.8 mm). The circuit de-
sign approach allows direct cascading of
MIMIC chips to provide useful power gain
for system implementation. The output
power of 500 mW obtained from the MIMIC am-
plifier, with an associated gain of 7 dB,
may represent the highest power/gain re-
ported in the 44-GHz band.

DEVICE AND CIRCUIT DESIGN

The basic metal-semiconductor FET
(MESFET) structure (Figure 1) is similar to
that used in the Ka-band MIMIC ampli-
fier [5]. For the U-band application, the
device has a nominal gate length of 0.35 Mm
and consists of 12 fingers resulting in

a device of o.8-mm width. This relatively
larger sized gate width is used to achieve
high output power without using a multicom-
biner scheme, which can contribute to sub-
stantial circuit loss that degrades output
power .

Figure 1. SEM Photograph of the
Power MWSFWI’ From an MMIC

Prior to circuit fabrication, the
COMSA’l-developed CAD progtam for device
circuit modeling (based orl device physics)
was used to optimize the M+SFET structure
geometry and channel carcier concentration
as a function OC circuit performance. The
equivalent circuit model c]f the MESP’HT
shown in Figure 2 was usecl in the load-
pull subroutine to determine the optimal
load required for the device to achieve
maximum linear output power. A target
gate length to channel height aspect ratio
(Lg/Hc) of 3.5 was used with a channel car-.
rier concentration of 5 x 1017/cm3 to ob.
tain high-power millimeter-wave operation.

‘l’he amplifier design incorporated
distributed matching elements. The input
circuit was designed to cc~njugate-match
the Mk?SFNT input impedanc~: with the device
terminated with load impedance for optimum

*This paper is based on work performed at COMSAT Laboratories under the sponsorship
of the Communications Satellite Corporation.
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Figure 2. Equivalent Circuit Model of the MESI?ltT

power. In the microstrip implementation,
narrow transmission lines were avoided wher-
ever possible to minimize millimeter-wave
circuit loss. DC blocking, RF grounding,
and RF bypass were implemented by using se-
ries and shunt metal insulator-metal (MIM)
capacitors. Sufficiently large values of
MIM capacitors were selected to minimize
the RF performance uncertainties associated
with smaller capacitors due to process-
dependent sensitivity. Bias networks were

also incorporated in the MIMIC design.
‘I’he mask was designed so that individ-

ual amplifier circuits could be cascaded or
combined by interconnecting them with an
e-beam at the gate metalization level to
provide higher gain and power. The two-way
dividerlcombiner network was designed as
Wilkinson circuits and fabricated on
127-pm-thick sapphire substrates with a
tantalum nitride resistor. This substrate
material was selected to provide minimum
circuit loss.

~__GROWTH AND MIMIC FABRICATION

The circuits were fabricated from epi-
taxial GaAs n+/n/buffer layers deposited in
a Riber 2300P molecular beam epitaxy (MBE)
machine onto undoped semi-insulating liquid-
encapsulated (LEC) grown substrate, which
was oriented 2° off the (100) plane toward
the nearest (110) plane. Epitaxial deposi-
tion using elemental arsenic and gallium
sources was performed at 5SO”C. with an
arsenic-to-gallium flux ratio of 20.

Three layers were deposited sequen--
tially on the substrate: an unintention-
ally doped p- buffer layer, an n-active
layer doped with silicon to 5 x 1017/cm3,
and an n+ layer. The MBIZ-grown active/
buffer layers provided both highly uniform
doping across the wafer and improved active

channel definition with
current.

COMSAr’s mesa MIM
combination of e-beam d
gate and optical photol
niques [4], was used to

reduced leakage

C process, using a
rect-write for the
thography tech
fabricate the mono

lithic circuits. An Au/Ge/Ni/Ag/Au alloy
and a Ti/Pt/Au metalization were used for
the ohmic contact and gates, respectively.
si3N4 was used for the MIM capacitor di-

electric, and in glassivation of the de-
vice. The capacitor dielectric layer was

2,500 ~ thick. giving a capacitance of

220 pF/mm2. Low- inductance RF grounding
was provided by via-holes. Figure 3 shows
the MIMIC chip with dimensions of

0.97 x 0.9 x 0.09 mm.

Figure 3. U-Band Power MMIC

MEASURED PERFORMANCE

The MIMICS were mounted in a U-band
amplifier test fixture, which consisted of
a copper center block and a pair of ridged
waveguide- to-microstr ip transitions. Bias
feedthroughs and short (1.72.-mm) 50-()
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lines at the inputs and outputs of the
MIMICS were included. ‘l’he ridge waveguide
transformer utilized four ?J4 sections to
transform the waveguide field configuration
into a field configuration of a microstrip
line of height equal to the gap under the
last section ridge and with air dielec-
tric. The electromagnetic wave propagating
in the waveguide is in ‘1’E mode, but as the
wave propagates toward the microstrip line
the cidge height increases, and the eleC-
tric field becomes more concentrated under
the ridge. This eventually turns the field
configuration into a quasi-TEM mode similar
to that of the microstrip line. ‘l’he ridge
heights in the transformer sections were de--
signed to transfocm the 500-Q impedance of
the waveguide into the 50-Q impedance of
the microstrip line. A gold ribbon con-
nected the microstrip line to the last sec-
tion ridge through thermocompression
bonding. The width of the ribbon was opti-
mized to minimize its inductive effect and
to avoid capacitive loading to ground. Fig-
ure 4a shows the waveguide housing and
Figure 4b shows the performance of two wave-
guide- to-microstrip transitions measured
back- to-back. From 40 to 4’7 GHz, the inser-
tion loss and return loss of each transi-
tion were typically 0.3 and Z5 d~,
respectively.

The performance of a single-ended,
two-stage power amplifier iS shown in Fi9-
ure 5. A linear gain of 5 to 6.2 dB was
achieved from 42 to 44.5 GHz. An output

power of 22.5 dBm (175 mW) and 4.6 dB of as-
sociated gain have been obtained at
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Figure 5. Power Transfer Characteristic
and Frequency Response of a U-Band

Two-Stage MIMIC Amplifier

In order to achieve usable power
gain and output power for system applica-
tions, a cascaded five-stage amplifier was
fabricated. The last two stages were a
balanced module with Wilkinson divider/com-
biner networks. Figure 6 shows the ampli-

fier assembly and the performance of the
amplifier. A linear powelc gain of 15.1 dB
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(a) Amplifier Assembly
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Figure 6. Five-Stage U-Band MIMIC Amplifier

and a saturated output power of almost have been demonstrated using MESE’KT MIMIC
27 dBm (500 mW) with associated gain of chips. l’hese amplifiers are suitable for

7 dB were obtained at 42 GHz. The results 20/44-GHz satellite communications, as
take into account the loss of the divider/ well as for phased-array radar
combiner networks, as well as the 50-Q sec- applications.
tions of microstrip line.

ACKNOWLEDGMENT
CONCI.US1ONS

The authors would like to thank
Power MIMICS have been developed for B. Lemon, J. Adomines, T. Marasco,

U-band applications. Based on a design s. Sanbower, G. Tonger, B. Van Hooser, and
that allowed the cascading and paralleling D. Wilcox for their technical support.
of individual modules, usable power gain Technical contributions from M. S. Lee and
and the highest output power yet achieved K. H. Ra are also acknowledged.
in the 44-GHz (0.5 W with 7-dB gain) band

212



REFERENCES [41 H-L. Huncr. G. Heaazi. T. T. Lee.

[1]

[2]

[3]

J. Yonaki, M. Aust, K. Nakano,
G. Dow, L. C. T. Liu, E. Hsieh,
R. Did, and H. C. Yen, “A Q-Band MOnO
lithic ‘Three-Stage Amplifier, ” IEEE
Microwave and Millimeter-Wave
Monolithic Circuits Symposium, New
York City, May. 1988, Diqest,

PP. 91-94.
B. Kim, H. M. Macksey, H. Q. Tserng,
H. D. Shih, and N. Camilleri,
I,Millimeter–Wave Monolithic GaAS

Power FET Amplifiers, ” TI?EE GaAs IC
Symposium, November 1986, Digest.,

PP - 61-63.
G. Hegazi, H-L. Hung, F. Phelleps,
L. Holdernan, T. Smith, J. Allison,
and H. Huang, SoV-Band Monolithic

Power MESFNT Amplifiers, ” IEKE MT1’-S
International Microwave Symposium,
May 1988, New York City, Dg_qs_!,

PP. 409-412.

. .
F. R. Ph;ileps, j. L: Singer, and
H. C. Huang, “V-Band GaAs MMIC
Low Noise and Power Amplifiers, ”
scheduled in II$P:E l’ransdctions on
Microwave Theory Techniques,
December 1988, pp. 1966-1975.

[5] H-L. Hung et al., “l(a-Band Monolithic
GaAs Power FET Amplifiers, ” Ii?EE Mi-
crowave and Millimel:er-Wave Mono-
lithic Circuits Symposium,
Las Vegas, Nevada, June 1987,
Diqest, pp. 97-100.

213


