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Abstract-A W-band source module providing 4-GHz tuning

bandwidth (92.5–96.5 GHz) has been developed. This module
consists of three MMIC chips: a 23.5 GHz HBT VCO, a 23.5-94
GHz HEMT frequency quadruple and a W-band three-stage

HEMT output amplifier, all fabricated in TRW production lines.

It exhibits a measured output power of 3 dBm at 94-95 GHz and

a 3-dB tuning bandwidth greater than 3 GHz, with a phase noise

of – 92 dBcIHz at 1 MHz offset. This work demonstrates a new

and efficient way to implement high performance W-band source.
Its wide tuning bandwidth with good phase noise performance,

as well as design simplicity, makes this approach attractive for

many W-band system applications.

I. INTRODUCTION

L OW PHASE noise and stable frequency sources are

required in millimeter-wave (MMW) systems. These fre-

quency sources can be generated by either fundamental fre-

quency oscillators or using lower frequency oscillators in

conjunction with frequency multipliers to obtain desired fre-

quencies. Several MMW frequency sources have been reported

using monolithic technology, including fundamental frequency

oscillators at W-band (75–110 GHz) [1], [2], and lower

frequency oscillators in conjunction with frequency multipliers

at V-band (50–75 GHz) [3] as well as W-band [4]. There are

advantages for the later approach. It is easier to achieve low

phase noise for an oscillator operating at lower frequency.

Also, a wider bandwidth can be achieved owing to frequency

multiplication and reduced parasitic at lower frequency.

This paper reports a W-band source module using three

MMIC chips: a 23.5 GHz heterojunction bipolar transistor

(HBT) voltage control oscillator (VCO) driving a 23.5-94

GHz high electron mobility transistor (HEMT) frequency

quadruple and driving a W-band three-stage HEMT output
amplifier. The W-band source module has a tuning bandwidth

of 4 GHz from 92.5–96.5 GHz and exhibits a maximum output

power of 3 dBm at 94–95 GHz and a 3-dB tuning bandwidth

greater than 3 GHz, with a phase noise of –92 dBc/Hz at 1

MHz offset. This work demonstrates a new and efficient way to

implement high performance W-band source. Its wide tuning

bandwidth with good phase noise performance, as well as

design simplicity, makes this approach attractive for many W-

band system applications. In addition, all of the MMIC chips

used in this module were fabricated at TRW GaAs MMIC

production lines and therefore can be produced in volume.
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Section II will discuss both HBT and HEMT device tech-

nologies. The MMIC’s and module designs, as well as HBT

and HEMT device modeling, will be discussed in Section III.

The individual MMIC chips and module measurement results

are illustrated in Section IV and followed by a brief summary.

II. DEVICE TECHNOLOGY SELECTION

The three MMIC chips are all developed using GaAs-based

device technologies. The 23.5 GHz VCO design is based on

HBT devices mainly owing to its superior I/f noise. A 2-~m

self-aligned base ohmic metal (SABM) HBT process on 3-

in.-diameter GaAs substrate was selected as the baseline HBT

process in TRW production line. The 2 x 10 ,um2 quad emitter

HBT device used in the VCO has a typical unit current gain

frequency (~~) of 22 GHz and maximum oscillation frequency

($~.X) of 40 GHz. The HBT device process and characteristics

were documented in [5]–[7].

The 23.5–94 GHz frequency quadruple used O.l-~m pseu-

domorphic (PM) low noise AIGaAs/InGaAs HEMT’s while

the three-stage output amplifier utilized O.l-~m PM power Al-

GaAs/InGaAs HEMT’s. The low noise HEMT was optimized

for high gain operation at W-band. The 22% PM InGaAs

HEMT uses planar doping to achieve high channel aspect

ratio as well as higher electron transfer efficiency. The HEMT

device structure and MMIC fabrication process used for this

work has been previously reported [8]–[9]. The power HEMT

differs from the low noise HEMT by the introduction of an

additional planar doping in the channel region to increase

the device current handling capability. This also improves

the transconductance linearity over a wider range of gate

voltages. Since the AlGaAs layer is undoped, the Schottky gate

recessed to this undoped region has a high Schottky gate-drain

breakdown. The power HEMT device structure and MMIC

fabrication process used here were reported [1], [10], [1 1].

Both the HEMT devices were passivated with Si3N4 layer

by plasma-enhanced chemical vapor deposition to enhance

device reliability in the production [12]. The passivated device

with a 40-,um total gate-width (four gate-fingers) typically

shows a dc transconductance (Gm ) of 600 mS/mm and an

~T of higher than 100 GHz.

III. MMIC’s AND VV-BAND SOURCE MODULE DESIGN

The MMIC’s used in the W-band source module are all

designed using microstrip lines on a 100-~m-thick GaAs

substrate. Extensive circuit simulations were performed during

the design phase, including small signal linear simulations and

large signal nonlinear simulations using the harmonic balanced

001 8–9480/95$04.00 @ 1995 IEEE
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Fig. 2. The (a) block diagram and (b) chip photograph of the 23 .5–94 GHz
frequency quadruple.

(b)

Vtune

1

!

“-r+

L

~’

4“+=+3
2X1OQE

l-r ‘cc

~L
T OUTPUT

(c)

Fig. 1. The (a) functional block diagram, (b) chip photograph of the 23.5

GHz HBT VCO, aud (c) schematic diagram of the 23.5 GHz HBT VCO plus
buffer amplifier.

technique. The linear small signal equivalent circuit model pa-

rameters of the devices were obtained from the measured small

signal S-parameters up to 50 GHz using curve fit technique.

The resulting parameters are consistent with the estimated

values based on device physical dimensions and parameters.

The Curtice-Ettenberg FET asymmetric model and Gummel-

Poon spice model were used to describe the nonlinear behavior

of HEMT and HBT devices, respectively. The individual
MMIC and the module designs are described below.

A. 23.5 @i7z VCO

The 23.5 GHz HBT MMIC VCO circuit developed in this

work encompassed both a common collector bias tuned VCO

and a buffer amplifier. The functional block diagram and

chip photograph of the MMIC is shown in Fig. 1(a) and (b).

The VCO circuit utilizes a 2 x 10 ~m2 emitter HBT device

with an RF grounded collector biased from +5 V, the VCO

schematic diagram is shown in Fig. 1(c). A small capacitive

stub is connected to the emitter to make the oscillating

device unstable. The emitter bias is grounded through an

emitter resistor that is key to setting the tuning voltage

range and improving the phase noise. The dc resistor pro-

vides bias stabilizing feedback to help prevent low frequency

device noise from modulating the bias point and therefore

the oscillation frequency. The main frequency determining

resonator is connected to the base of the oscillator transistor.

The resonator consists of a fully monolithic high impedance

inductive section followed by a low impedance open circuit

resonator of approximately quarter wave length. The low

impedance resonator significantly improves the stability of the

oscillator. Its electrical length serves to greatly increase the

reactance slope parameter of the resonator [16], and therefore

the Q of the finished oscillator.

The output of the oscillator is inductively tapped off the

high impedance resonator with a high impedance quacter wave

structure design to transform the 50 fl input impedance of the

buffer amplifier up to a high impedance. This allows for a very

lightly coupled load so that the energy lost to the output does

not significantly degrade phase noise. The oscillator is tuned

by changing the base voltage on the oscillator device. The bias

tuned approach was chosen to eliminate the need for a series
variable capacitance tuning element. Realization of such an

element on chip would have added significant losses to the

resonator circuit. Using an off chip tuning element was not an

option due to added manufacturing cost and complexity.

A buffer amplifier was added to increase the output power

and isolate the VCO from frequency pulling effects of the load.

The oscillator output power variations caused by changing
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Fig. 3. The chip photograph of W-band output amplifier.

the bias of the oscillator transistor were reduced by partially

saturating the output amplifier. The amplifier is a single ended

design based on the same size device as the oscillator. The

bias of the amplifier transistor was stabilized with a simple

current mirror.

Both linear simulation in the frequency domain and nonlin-

ear simulation were performed in designing the VCO circuit.

The simulation of the VCO started with linear small signal

modeling to get the VCO close to frequency. The nonlinear

simulation using harmonic balanced technique was performed

to confirm both the oscillation frequency and output power.

The simulation agree well with the measured results.

B. 23.5–94 GHz Frequency Quadruple

Fig. 2 shows the block diagra,m and chip photograph of

the 23.5–94 GHz frequency quadruple, which consists of a

23.5-47 GHz frequency doubler, a 47-GHz buffer amplifier,

and a 47–94 GHz frequency doubler [17]. The 47–94 GHz

frequency doubler utilizes a four-finger 80 #m HEMT device.

The design follows a conventional single-ended common

source configuration design procedure described in [9]. An

open stub providing an RF short at the fundamental frequency

is employed in output matching network to suppress the

fundamental signal. The HEMT device operates near its pinch-

off condition in order to obtain optimal nonlinearity for

maximum output power of the second harmonic signal, thus
good dc to RF conversion efficiency can be achieved. The

23.5-47 GHz frequency doubler also uses a four-finger 80-

~m device. The design is similar to the 47–94 GHz doubler

mentioned above.

The 47-GHz buffer amplifier is a single-ended two-stage

design with resistive feed back at first stage for stability

consideration. A four-finger 80-pm device is used in the first

stage to drive a four-finger 160-~m device in the second stage.

All matching networks consist of series and shunt microstrip

lines. Silicon nitride metal-insulator-metal (MIM) capacitors

are used for RF by-pass and dc blocking. Gate and drain bias

lines of each stage are connected together, respectively, for

ease of biasing the two-stage amplifier.

Both frequency doublers and the buffer amplifier cascading

using 50-0 transmission lines form the frequency quadruple.

MIM capacitors were used for dc blocking. The complete

23.5–94 GHz frequency quadruple has a chip size of 4 x

2 rnm2.

There are some design issues for the present MMW fre-

quency doubler design. Since the HEMT device operates near

its pinch-off condition with a large signal input, the predicted

de-IV curves via nonlinear model must be able to represent

the actual HEMT device behavior from pinch-off to peak

transconductance. Unfortunately, the Curtice-Ettenberg FET

model usually can model the peak transconductance region

well but not the pinch-off region. Also, the harmonic balance

technique requires several higher order harmonics in the circuit

analysis. Those frequencies can be way above 100 or 200

GHz for which most models become questionable. All these

factors will affect the simulation accuracy. For this design,

the measured results deviated from the simulated frequency

response by 3 GHz.

C. 94-GHz Three-Stage Output Amplifier

The three-stage output amplifier is a two-stage single-

ended amplifier cascaded with a single-stage balanced output

amplifier. The chip photograph is shown in Fig. 3. Each stage

utilizes a 40-pm HEMT with four gate fingers. The out-

put amplifier design follows the design/analysis methodology

reported in [14]. The chip size is 3.5 x 2 mm2.

D. W-Band Source Module

The W-band source module was assembled in a WR1O

waveguide test fixture as shown in Fig. 4. Ribbon bonds were

used to connect the VCO-quadrupler and quadrupler-amplifier

interfaces. Anti-pedal finline transition on 125-~m-thick fused

silica substrate was used to couple the signal from microstrip

line of the output amplifier to the waveguide.

IV. MEASUREMENT RESULTS

All three MMIC chips used in the W-band source module

were tested separately before being assembled in the module.
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Fig. 5. (a) The average output frequency and + one standard deviation as

fnnction of tuning voltage of the K-band HBT VCO. (b) Hktogram of single

side band phase noise (dBc/Hz at 1 MHz offset) for the VCO plus buffer
amplified chip measurement taken across an entire wafer.
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Fig. 4. The photographs of the TV-band source module. (a) The complete

unit. @) A closer view of three MMIC chips in the module.

The 23.5-GHz VCO was tested via on-wafer probing for an

entire wafer. The average output frequency and + one standard

deviation as function of tuning voltage are plotted in Fig. 5(a).

It exhibits an average tuning bandwidth of greater than 1

GHz from 23-24 GHz for the tuning voltage of 1.8-3.6 V.

The output power varies from 3 to 5 dBm. The histogram

of single side band phase noise for the VCO plus buffer

amplifier chip measurements taken across an entire wafer are

shown in Fig. 5(b). The measurements show an average phase

noise at l-MHz offset of —104 dBc/Hz. This corresponds

to an approximate phase noise of –79 dBc~z at 10@kHz

offset. The phase noise at 100-kHz offset from this work is

shown summarized with other phase noise results obtained at

TRW and from literature, as shown in Fig. 6. It is noticed

that this phase noise comparison chart summarizes microstrip

resonator oscillators only. Each set of data points represent

the tuning range of the individual oscillator circuits at the

phase noise level measured. This work falls approximately

in line with other previous HBT oscillators developed. The

oscillator circuits were also measured over temperature. The

free running oscillator exhibited a temperature drift of –2.9

MHz/°C with less than 1 dB change in phase noise over the

–30”C to +60”C temperature range.

Some micro-cells of the 23.5–94 GHz frequency quadruple

were evaluated first before the complete quadruple testing.

The 23.5-47 GHz frequency doubler and the 47-GHz buffer

amplifier were measured using on-wafer probing technique.

The 23.547 GHz frequency doubler exhibits a measured

conversion loss of 5–6 dB for the input power of 5 dBm

from 23.5-25 GHz as shown in Fig. 7, while the 47-GHz

buffer amplifier has a measured small signal gain of 8 dB.

The complete 23.5–94 GHz frequency quadruple was then

measured in a test-fixture with the input port a coaxial cable

connector transition to microstrip line, and the output port

a finline transition on 125-,um-thick fused silica substrate
from microstrip line to WR1O waveguide. Fig. 8 shows the

measured output power versus input power of the frequency

quadruple at three different frequencies. A conversion loss of

5 dB was obtained at an input power of 2 dBm at 24.5 GHz.

During the test, the HEMT devices in the doublers were biased

at 2-V drain voltages with gate biased near pinch-off region.
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The three-stage W-band output amplifier was measured on

a verified W-band on-wafer probe test set [15]. It showed a

typical linear gain of 10–12 dB and an output power of 14

dBm at 94 GHz.

The complete W-band source module, shown in Fig, 4,
demonstrated a tuning band-width of 4 GHz (92.5–96.5 GHz)

and a peak output power of 3 dBm at 94–95 GHz. The

output power and frequency as functions of tuning voltage are

plotted in Fig. 9. The 3-dB tuning bandwidth is greater than

3 GHz. The measured frequency spectrum centered at 94.6

GHz of the module was plotted in Fig. 10(a). The phase noise

was evaluated via a single-oscillator phase-noise measurement

technique using a delay line as an FM discriminator [18]–[19].

The phase noise of dBc/Hz as a function of offset frequency

away from center frequency is plotted in Fig. 10(b). It shows

–92 dBc/Hz at l-MHz offset and –80 dBc/Hz at 100-kHz

offset. By adding 6 dB/octave to the phase noise measurement
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of 23.5 GHz VCO, – 104 dBc/Hz, to estimate the phase noise

of the frequency-quadrupled W-band source, one can obtain
–92 dBc/Hz at l-MHz offset, which is consistent with the

phase noise measurement result.

V. SUMMARY

We have demonstrated the W-band source module pro-

viding 4-GHz tuning bandwidth (92.5–96.5 GHz) with peak

output power of 3 dBm at 94–95 GHz and good phase noise.

This module utilized three MMIC chips fabricated in TRW

production lines, which can easily be obtained in volume.
Design of the MMIC chips and complete measurement data

were discussed in detail. The design simplicity and good

The authors would like to thank Drs. T. H. Chen and D. C.

W. Lo for their discussions and suggestions, G. Coakley for

the layout support, Dr. D. Streit for the MBE material growth,

Dr. P. H. Liu for the EBL effort, the GRAS manufacturing

line of TRW for wafer processing, and D. Brtmone and E.

Barnachea for the chip testing support. They would also like

to thank the members of the RF Product Center of TRW for

their technical support.

REFERENCES

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

H. Wang et al., “Monolithic W-band VCO’S using pseudomorphic

AIGaAs/hrGaAslGaAs HEMT’ s,” in 14th Annual IEEE GaAs IC Symp.
Dig., Miami, FL, Oct. 1992, pp. 47-50.
Y. Kwon et al., “Large signal analysis and experimental characteristics
of monolithic InP-based W-band HEMT oscillators,” in 21 tlr Euro.
Microwave COnf Tech. Dig., Stuttgart, Germany, Sept. 1991.
H, Wang et al., “Monolithic V-band frequency converter chip set de-

velopment using 0.2 pm AIGaAsflnGaAs/GaAs pseudomorphlc HEMT

technolow,” IEEE Trans. Microwave Theory Tech., vol. MTT-42, no.
1, pp. 1iJ17, Jan. 1994.
S. W. Chen etd..“Rigorous desirer of a 94 GHz MMIC doubler,” in

IEEE 1993 Microwave-and A4illim;ter- Wave Monolithic Circuits Symp.
Dig., Atlanta, GA, June 1993, pp. 89–92.
K. W. Kobayashl et al., “HUT low power consumption 2-4.5 GHz

variable gain feedback amplifier, “ in 14th Annual IEEE GaAs IC Symp.

Dig., Miami, FL, Oct. 1992, pp. 309–3 12.
M. E. Kim et al., “GaAs heterojunction bipolar transistor device and

IC technology for high performance amdog and microwave applica-
tions,” IEEE Trans. Microwave Theory Tech., vol. MTT-37, no. 9, pp.
1286-1303, Sept. 1989.
F. M. Yamada et al., “Reliability analysis of microwave GaAs/AIGaAs
HBT’s with beryllium end carbon doped base:’ in 1992 IEEE MTT-S

Int. Microwave Symp. Dig., June 1992, vol. 2, pp. 739–742.
K. L. Tan et al., “94 GHz 0.1 #m T-gate low noise pseudomoqiic

InGaAs HEMT’ s.” IEEE Electron Dev. Lett., vol. 11, no. 12, pp.

585-587, Dec. 1990.
. .

H. Wamz et al.. “H1~h vield W-Band monolithic HEMT low noise
“.- ,

amplifier and image rejection downconverter chips,” IEEE Microwave

and Guided Wave Lett., vol. 3, no. 8, pp. 28 1–283, Aug. 1993.
D. C. Streit et al., “High gain W-band pseudomo~hic InGaAs power

HEMT’s,” IEEE Electron. Device Lett., vol. 12, no. 4, pp. 149–150,

Apr. 1991.
T. H. Chen et aL, “A 0.1 W W-band pseudomorphic HEMT MMIC
oower amplifier.” in 14th Annual IEEE GaAs IC Symp. Dig., Miami,
kL, Oct. i992, pp. 71–74.

K. L. Tan et al., “A high performance 0.1 pm pseudomorphic Al-

GaAs/hrGa& HEMT process for W-band MMIC’s/’ in 14th Annual
ZEEE GaAs IC Symp. Dig., Miami, FL, Oct. 1992, pp. 25 1–254.
S. A. Maas. Nonlinear Microwave Circuits. Norwood, IvIA: Artech

House, 1988.
H. Warw et al.. “Hl~h ~erformance W-band monolithic InGaAs pseudo---- .
morphic HEMT LNA’s and desiga/analysis methodology,” IEEE Trans.

Microwave Theory Tech., vol. MTT40, no. 3, pp. 417428, Mar. 1992.
S. Chen et al., “A W-band automated on-wafer probing noise figure
measurement system,” in 41st Automatic RF Tech. Group Corf Dig.,

Atlanta, GA, June 1993, pp. 48-56.
G. Matthaei, L. Young and E. Jones, Microwave Filters Impedance-
Matchirw Networks, and Couplirw Structures. Norwood, MA: Artech

House, i980, pp. 21&215. “ -
H. Wang et al., “A monolitilc 23.5 to 94 GHz frequency quadruple us-

ing 0.1 pm pseudomorphic AIGaAs/InGaAs/GaAs HEMT technology,”
IEEE Microwave and Guided Wave Lett., vol. 4, no. 3, pp. 77–79, Ma.
1994.
L Bahl and P. Bhartia, Microwave Solid State Circuit Design. New

York Wiley, 1988, ch. 9.
G. D. Vendelin, A. M. Pavio and U. L. Rohde, Microwave Circuit Design
Using Linear and Nonlinear Techniques. New York Wiley, 1990, ch
6.



IEEE TRANSACTIONS ON MICROWAVE THEORY AND TECHNIQUES, VOL. 43, NO. 5, MAY 1995

Huei Wang (S’83–M’87) was born in Tainan, Tai-
wan, Republic of China, on March 9, 1958. He
received the B.S. degree in electrical engineering
from National Taiwan University, Taipei, Taiwan,
Republic of China, in 1980 and the M.S. and Ph.D.

degrees in electrical engineering from Michigan

State University, East Lansing, MI, in 1984 and
1987, respectively. During his graduate study, he

was engaged in the resemch on theoretical and
numerical analysis of electromagnetic radiation and

scattering problems. He was also involved in the
development of microwave remet; detecting/sensing systems.

He joined Electronic Systems and Technology Division of TRW, Inc. in
1987. He has been responsible for MMIC modeling of CAD tools, MMIC
testing evaluation and design. He visited the Institute of Electronics, National
Chiao-Tung University, Hsin-Chu, Taiwan, in 1993 to teach MMIC-related
topics and returned to TRW in 1994. He is currently in charge of the advanced

technology development for monolithic millimeter-wave integrated circuits
and subsystems.

Dr. Wang is a member of Tau Beta Pi and Phi Kappa Phi.

Kwo Wei Chang received the B .S. degree in electrophysics from the National

Chiao-Tung University, Taiwan, in 1977 and the M.S. and Ph.D. degrees in
electrical engineering from SUNY, Stony Brook, NY, in 1981 and 1985,
respectively. His graduate study involved in the research of SAW and

magneto static wave devices for microwave applications.
From 1985 to 1989, he was a member of the technical staff in the

Microwave Receiver Group of David Samoff Research Center, Princeton,
NJ, where he was responsible for the design and development of receiver
components and systems. He also worked on the electronically steerable flat

antenna for DBS applications. Dr. Chang joined TRW in Dec. 1989. He is
currently a Staff Engineer and IR&D Principal Investigator in the Microwave

and RF Systems Department and is interested in the nonlinear microwave and

millimeter wave circuits and nonlinear device modeling.

Duncan Smith received the B .S.E.E. degree from
Colorado University, Boulder, in 1982, and the

M. S.E.E. from the University of Southern Califor-
nia, Los Angeles, CA, in 1985.

Since 1982 he was worked in the Space and
Defense sector of TRW in Redondo Beach, CA. At

TRW he has been involved in the development of
both space and avionics hardware, satellite system

requirements and anafysis, and MMIC component
design from baseband to MMW. He is a company

leader in low phase noise VCO and DRO research,
and has been principal investigator of a project to develop advance wideband
receiver architectures and components. Currently he is a functional manager
section head, Low Cost Frequency Converters fR&D PI, and manager of
TRWs commercial chip sales inventory and prodnct development efforts.

G. Samuel Dow (S’78-M’82) was born in Tainan,
Taiwan, on April 12, 1954. He received the diploma

in electrical engineering from Taipei Institute
of Technology, Taipei, Taiwan, in 1974 and the
M. S.E.E. degree from University of Colorado,
Boulder, in 1981.

From 1981–1983 he was with Microwave Sern-

conductor Corporation, where he was responsible
for the first demonstration of 0.5 W output power
at 20 GHz with the GaAs MESFET technology.
From 1984–1987, he was a staff engineer with

Hughes Aircraft Company, Microwave Products Division, where he engaged
in the modeling and characterization of MESFET power devices, design
of wideband and high efficiency power amplifiers and millimeter-wave
receiver components. He joined TRW in 1987. He is cnmently Section Head
of EHF/RF MMIC section and Subproject Manager of MMIC Design of

the ARPA MIMIC program. His research interests at TRW have included
microwave and millimeter- wave IC design with HEMT and HBT millimeter-
wave systems and applications. During the past several years, his group has
published very extensively in the area of microwave and millimeter-wave
monolithic circuit design up to 120 GHz.

Kin L. Tan (M’90) received the B. S.E.E. and M. S.E.E. degrees from Purdue
University in 1983 and 1985, respectively.

After graduating from Purdue University, he held a research scientist

position at Honeywell Physical Sciences Center where he worked on sub-
rnicron digital GaAs MESFET’s for high speed SRAM, A/D converters, and
signal processors. In 1988, he joined Hughes Microwave Products Division

where he was involved in the development of GaAs microwave MESFET’s,
HEMT’s and HBT’s. Since 1989, he has been with TRW Electronic Systems

and Technology Division where he was responsible for developing state-

of-the-art GaAs and InP-based HEMT’s and the transfer to production of
fI-V rnillimeterwave HEMT MMIC’s. He is currently the assistant program

manager for GaAs Manufacturing on the ARPA funded MfMIC Phase II

program. He has published and presented over 60 papers in the areas of III–V
compound semiconductor devices, IC’s and processing.

Mr. Tan is a two-time recipient of TRW Chairman’s Award for Inno-
vation for his contributions to millimeter wave HEMT’s and flexible GSAS
manufacturing line.

Aaron K. Oki (M’ 85) was born in Honolulu, HI. He

received the B.S. degree in electrical engineering in

1983 from the University of Hawaii, Manoa, and the
M.S. degree in electrical engineering and computer

science in 1985 from the University of Cafifomia,
Berkeley.

Since joining TRW as a member of technical staff
in 1985 he has been working on production and
advanced development of HBT technology. In 1990
he became the principle investigator for HBT IR&D

and section head of the HBT products section.

Barry R. Allen (S’82, M’83) was born in Carfiz,
KY, on November 5, 1947. He received the B.S.

degree in Physics and the M.S. and SC.D. degrees

in electrical engineering from the Massachusetts
Institute of Technology, Cambridge, MA, in 1976,
1979, and 1984, respectively.

He joined TRW in 1983 as a senior staff member
and has held a number of positions since then.

Science 1983 he has been involved in all aspects
of MMIC design and modeling. Hk main interests

are low noise receiving systems, millimeter wave
circuits, and accurate circuit modeling. From 1~70– 1975, he was with the

Chesapeake and Potomac Telephone Company of Virginia, supporting mi-
crowave and radio telecommunications systems. From 1975–1983, he was

a member of the Research Laboratory of Electronics at MIT, both as an
undergraduate and as a research assistant in radio astronomy. While at MIT,
he was responsible for the development of room temperature and cryogenic
low noise receiving systems spanning 300 MHz 43 GHz. He is currently

a senior scientist in the Electronic Systems and Technology Division. His
present assignment is assistant program manager for design and advanced
technology on the ARPA funded MIMIC Phase 2 Program. He has published

several papers on circuit applications of heterostrncture devices and MMIC’s.
In 1991, Dr. Allen became a TRW Technical Fellow in the Space and

Defense Sector for contributions to the application and manufacturing of GaAs
MMIC’s. He was awarded TRW’s Chairman’s Award for Innovation in 1992
and 1993.


