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Abstract—This paper reviews the status of lattice-matched and pseudo-

morphic AIInAs-GaInAs HEMT’s grown on InP substrates.The best
lattice-matched devices with 0.1 pm gate length had a transconductance

g., = 1080 mS/mm and unity current gain cutoff frequency ~= = 178 GHz,

whereas similar pseudomorphlc HEMT’s had g. = 1MO mS/mm and

~T = 210 GHz. Single-stage V-band amplifiers demonstrated 1.3 and 1.5

dB noise figures and 9.5 and 8.0 dB associated gains for the lattice-matched

and pseudomorpldc HEMT’s, respectively. The best performance achieved

was Fmin = 0.8 dB with G. = 8.7 dB.

I. INTRODUCTION

F lJTURE DoD and NASA communication and radar

systems will require high-performance millimeter-wave

(MMW) devices that operate in the 30-100 GHz range.

Some of the most important applications are low-noise

amplifiers for receiver front ends and power amplifiers for

phased array radars. New materials systems and device

structures are needed to meet the stringent performance

requirements of these advanced systems. Noise figures

must be reduced in existing frequency bands and the

operating frequency must be extended to W-band and

above. Phased array radar systems require affordable

high-efficiency monolithic microwave and MMW inte-

grated circuit (MIMIC) components. High-speed digital

circuits (e.g., prescalers) will require FET’s with gain–

bandwidth products ~~ greater than 200 GHz. Com-

ponents based on FET’s made with GaAs and related

ternaries are very well suited for these applications. By

optimizing the materials system, layer design, and device

dimensions, researchers have reported devices with fT’s
above 200 GHz, extrinsic transconductances greater than

1000 mS/mm [1], and K-band [2] and V-band [3] noise

figures less than 0.5 dB and 1.0 dB, respectively. A three-

stage V-band LNA constructed by GE exhibited a mini-
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mum noise figure of 3.0 dB with an associated gain of 22.0

dB over the frequency band of 60 to 65 GHz [2]. In

addition, digital IC’S with gate clelays less than 5 ps and

static frequency dividers operating up to 26.7 GHz have

been demonstrated [4]. This paper presents a comparison

of the leading materials systems for FET’s, reasons for

the enhanced performance of the Al ~481n ~52As-

Ga ~,471n~,53As material system, and state-of-the-art perfor-

mance of devices and circuits fabricated in this material

system.

II. DEVICE STRUCTURE

Microwave and millimeter-wave FET’s based on both

GRAS and InP have emerged over the last decade in

response to requirements for three-terminal devices with

higher frequency, lower noise, and higher power. The key

characteristics which describe the unique features of the

different device structures are shown in Fig. 1. The

spiked-doped C+aAs FET structure shown is optimized for

low-noise applications. With 0.1 pm gate length, the state-

of-the-art ~~ of this device is >100 GHz with an extrinsic

transconductance of 500 to 700 mS/mm [5]. The emer-

gence of the AIGaA-GaAs HEMT with the separation of

the electron donor layer from the conducting channel

improves the device performance to j~ -120 GHz and

g~ -600 to 750 mS/mm [6]. Addling a small percentage of

iridium to the GaAs channel in the AIGaAs–InGaAs

HEMT decreases the band gap of the channel, and elec-

tron mobility and conduction band discontinuity are corre-

spondingly increased. Channel (conductivity is increased

because both the well charge and the channel mobility are

increased. The resulting ~~ and g~ are 150 GHz and 700

to 900 mS/mm, respectively [7]. The addition of 10 to 20

percent iridium caused a significant lattice mismatch with

the GaAs substrate, resulting in a strain in the as-grown

crystal, hence the descriptor “ pseudomorphic” InGaAs

HEMT.

Recently, the Al. ~81n0 ~2As–Ga0 ~TIno53As HEMT
grown lattice matched on InP substrates has provided even

further device performance improvements. With 0.1 pm

gate lengths, these lattice-matched GaInAs HEMT’s have
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Fig. 1. Schematic FET device structures for GaAs FET,
AIGaA-GaA-InGaAs pseudomorphic HEMT, AIInAs-GaInAs
HEMT, and AIInA-GaInAs pseudomorphic HEMT.
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Fig. 2. Plot of energy band gap versus lattice constant,

~~ -170 GHz and gn -1000 mS/mm [3]. By increasing

the iridium concentration to 62 percent, we have demon-

strated ~~ = 210 GHz and g~ = 1160 mS/mm [1].

The relative performance of each of these FET’s de-

pends on many factors, the most important of which are

electron drift mobility, peak velocity, and channel charge

density. The plot of band gap versus lattice constant

shown in Fig. 2 provides some insight into the impact of

choosing a particular materials system. The GaAs FET has

almost all of the dopant donor sites in the spike region.

Hence, the mobility in the conducting channel (spike layer)

is relatively low. The total channel charge is limited only

by tunneling and breakdown voltage considerations.

The lattice-matched AIXGa ~_ .KAs–GaAs HEMT structure,

though promising for MMW low-noise and cryogenic digi-

tal applications, suffers from a small conduction band

discontinuity ( AEC = 0.2 eV for x = 0.25), which in turn

results in lowered sheet charge density (n, -1 x 1012 cm – 2)

and relatively poor charge confinement. Furthermore, the

DX center concentration in the AIXGal _XAs, which in-

creases with aluminum mole fraction, causes undesirable

threshold voltage shifts and drain current collapse at cryo-

genic temperatures.

The pseudomorphic AIXGal _XAs-In ~Gal _YAs HEMT

grown on GaAs substrate offers solutions to some of these

problems by increasing the conduction band discontinuity

with a smaller band gap In YGal.} As channel. Further-

more, the InVGal _vAs channel offers superior transport

properties because of enhanced carrier confinement in the

channel and slightly higher mobility. This has resulted in

impressive MMW noise and power performance from these

devices.

A superior alternative to the GaAs-based HEMT sys-

tems is the Al o481n052As–Gao 471n 0.53As modulation
doped structure grown lattice matched on InP. The large

conduction band discontinuity ( AEC -0.51 eV) coupled

with the high doping efficiency of silicon in the

AIInAs (ND> 1 x 1019 cm-3, establishes a large two-

dimensional electron density (n, > 4x 1012 cm-2, in the

GaInAs channel. In addition, the excellent electron mobil-

ity (p >10000 cmL/V. s) and high peak velocity (up -2.7

X 107 cm/s) in Ga o471n~~gAs result in very low parasitic

resistances, high transconductance, and excellent high-

frequency performance.

The advantages gained by introducing a pseudomorphic

Ga 047_ ~Ino 53+ “As channel are similar to those in the

GaAs system, namely, increased conduction band disconti-

nuity, sheet charge density, and carrier confinement cou-

pled with a higher electron mobility. Workers at the Uni-

versity of Michigan have investigated both single- and

double-heterojunction HEMT’s. They obtained an intrinsic

~= of 38 GHz from 1.4-pm-long-gate, single-heterojunction

HEMT’s [8]. Devices with l-pm-long gates fabricated on

double-heterojunction pseudomorphic HEMT’s showed an

extrinsic ~~ of 37 GHz and an ~~&X of 66 GHz [9].

III. DEVICE FABRICATION

Based on the theoretical advantages of the InP-based

devices, we began an experimental program to determine

whether these advantages could be realized in practice. All

of our modulation doped structures were grown on (1OO)

iron-doped InP substrates in a Riber 2300 system equipped

with a 3 in. rotating substrate holder. The substrate tem-

perature was held constant during growth at approxi-

mately 500”C. Growth rates varied from 0.75 to 1.0 pm/h.

A typical device structure is shown in Fig. 3.

First, a 250-nm-thick AIInAs buffer was grown, fol-

lowed by a 40-nm-thick AIInAs-GaInAs superlattice. The



MISHRA d d.: THE AUnAs-GaI”As HEMI

GalnAa n‘ CONTACTLAYER(5 nm)

AllnAa UNDOPEDBARRIERLAYER(20 nm)

AhAs n+ DONORIAYER (125 nm)

AllnAa UNDOPEDSPACERLAYER(2 nm)
-— ——— ———. -— ——. .

GalnAa UNDOPEDCHANNEL (40 nm)

AllnAa/QalnAa ~ UNDOPEDSUPERIAITICE

AHnAa UNDOPEDBUFFERLAYER

lnP SEM14NSULATINGSUBSTRATE

Fig. 3. AIInAs–GaInAs HEMTstructure for V-barrd low-noise applica-

tions,

AIInAs layer served the dual purpose of separating the

active layer from the InP surface and providing a high

band gap layer which confines the electrons in the active

GaInAs channel, thus reducing the FET output conduc-

tance. The superlattice also serves two other important

purposes. It smooths the AIInAs growth front, minimizing

interface roughness scattering, resulting in higher electron

mobility in the channel [10]. Also, the superlattice can

getter out-diffusing impurities from the substrate, which

further improves the transport properties of the active

channel. Next, a 40-nm-thick GaInAs channel was grown,

followed by a 2 nm undoped AIInAs spacer. The AIInAs

donor layer was then grown, 12.5 nm thick, and doped

with silicon at 4 x 1018/cm3. This was followed by a 20-

nm-thick undoped AIInAs layer that serves as a Schottky-

barrier-enhancing layer, and the structure was capped by a

5-rim-thick n+ GaInAs contact layer [11].

The major differences in the epitaxial layer design be-

tween the lattice-matched wafer (L) and the pseudomor-

phic wafer (P) were

i) the iridium mole fraction: 53 percent in the lattice-

matched case and 62 percent in the pseudomorphic

wafer;

ii) the thickness of the GaInAs channel: 40 nm in

wafer L and 27 nm in wafer P.

The reduced thickness in wafer P ensured that the

critical thickness for the formation of misfit dislocations

due to lattice mismatch was not exceeded. The properties

of the two-dimensional electron gas (2DEG) are a strong

function of the nature and magnitude of the silicon doping

in the AlInAs, the width and composition of the

Ga ~AT_ .In053 + ~As conductive channel, and the spacer

layer thickness. As the doping in the AIInAs donor layer is

increased, the number of electrons available for transfer

into the GaInAs to form the 2DEG is increased. The

available electrons are shared between the AIInA–GaInAs

heterojunction at the channel-donor layer interface and

the donor–contact layer interface. The relative distribution
is determined by (i) the distance of the doped region from

the two interfaces and (ii) the nature of the doping (i.e.,

uniform or planar). The width of the channel affects the

2DEG mobility through the interface roughness scattering

at the inverted AIInAs–GaInAs interface. Lastly, as has

been stated before, increasing the iridium mole fraction in
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the channel increases both the electron affinity of the

channel (and hence n,) and the electron mobility. The

most important and easily measurable parameter wlhich

characterizes the channel is the conductivity of the 2DEG,

which governs the parasitic resistances in the device. Fig. 4

summarizes the effects of the various parameters on the

conductivity (or resistivity) of the 2DEG and illustrates the

superiority ‘of the AIInAs-Ga.InAs system over the

AIGaAS–GaAs and AIGaAs–InGaAs systems. Further

details of the growth condition have been presented previ-

ously [12].

The process sequence for device fabrication has been

described elsewhere [13] and is listed below:

a)

b)

c)

d)

e)

f)

device isolation by mesa etching or ion implanta-

tion;

ohmic contact metal evapctration and lift-off;

ohmic metal alloy;

optical gate formation by IIift-off;

T-gate formation by E-beam lithography and subse-

quent lift-off;

overlay metallization.

To determine the impact of the superior materials prop-

erties on device performance, we fabricated HEMT’s with

1.0, 0.2, and 0.1 pm gate lengths. The extrinsic transcon-

ductance of the 1.0 ~m gate length device is 600 mS/mm.

This impressive performance at such a long gate length is

primarily due to the low parasitic resistances in the struc-

ture resulting from the high 2D13G density and mobility.

The extrinsic t ransconductances of 50- and 200-pm-wide

latticed-matched devices with 0.2 and 0.1 ~m gate lengths

are 800 and 1080 mS/mm, respectively. Both devices have

been characterized from 45 MH:L to 26.5 GHz on a Cas-

cade Microtech@ probe station. The current gain h ~1 of

the devices was calculated using the measured S parame-
ters and the unity current gain cutoff frequency j=, deter-

mined by extrapolating at 6 d B/octave. The data are

presented in Fig. 5. The 50-pnm-wide devices with gate

lengths of 0.2 and 0.1 pm exhibited an f~ equal to 120 and

140 GHz, respectively. The 200-pm-wide device with 0.1

pm gate length exhibited an ~~ ==170 GHz..
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The dc 1– V characteristics of AIInAs–GaInAs HEMT’s

exhibit anomalous drain current behavior [14] (a kink) at a

Vd, ranging from 300 to 500 mV. This kink has been

attributed to weak avalanching, carrier injection into or

through the high-band-gap barrier or buffer, and trap-

related phenomena in the AIInAs buffer layer. This kink

can potentially degrade the noise margin and power dissi-

pation of digital circuits. Workers at Cornell University

and at Allied Signal [15] have related the kink in MES-

FET’s and AIInAs–GaInAs–AIInAs HEMT’s to traps in

the structure by studying the frequency-dependent output

conductance of the device. They have established that the

kink is absent in the RF 1– V characteristics.

We have fabricated l. O-pm-gate HEMT’s grown by MBE

with an AIInAs buffer and GaInAs buffer, to determine if

buffer design is related to the occurrence of the kink.

AIInAs is known to have a high trap density, while GaInAs

has a low trap density. Previous attempts to fabricate

GaInA-AIInAs HEMT’s with GaInAs buffers failed be-

cause of poor pinch-off of the channel. To overcome this

problem, we grew a thick superlattice (AIInAs-GaInAs) at

the substrate–buffer interface and at the buffer layer–

active channel interface. The sheet charge and mobility

(300 K) of the two structures, as inferred from Hall

measurements, were n, = 4 X 1012/cm2 with p, = 8800

cm2/V. s for the AIInAs buffer and n, = 3.95 X 1012/cm2
with p, =10000 cm2/V. s for the GaInAs buffer. Observa-

tions of dc transconductances of 550 to 650 mS/mm were

made for both 1.O-p m-gate-length devices. The device with

the AIInAs buffer exhibited the usual kink at V~~ = 0.400

mV. However, the device fabricated with the GaInAs

buffer showed no kink. Excellent pinch-off and compara-

ble output conductance were observed for both structures.
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Fig. 6. Plot of the current gain ( f-zzl) versus frequency of (a) the

lattice-matched HEMT and (b) the pseudomorphic HEMT.

The magnitude of the kink in the AIInAs buffer devices

has also been found to be greatly affected by the applica-

tion of a side gate voltage. These effects all point to trap

depopulation at high electric fields in the AIInAs buffer as

the origin of the kink effect [14].

IV. DEVICE PERFORMANCE

The transconductance of a lattice-matched HEMT

with a O.1-~ m-long gate was -1060 mS/mm, whereas

that of a similar pseudormorphoric HEMT was 1160

mS/mm. The S parameters of 200-pm-wide devices

were measured on-wafer. The resulting h 21 data are pre-

sented in Fig. 6(a) and (b). A typical lattice-matched
A10d81n 0.52As–Ga04711_Io.53AS HEMT exhibited .fT = 175
GHz, whereas a similarly fabricated pseudomorphic

Alo481n os2As–Ga oasIn&GzAs HEMT exhibited a record

value of 210 GHz. This is the first report of a transistor

with a unity current gain cutoff frequency greater than 200

GHz. The& of the transistor was -300 GHz, obtained
from S parameter measurements.

The minimum noise figure performance of a microwave

transistor can be approximated by Fukui’s equation [16]:

Bulk GaInAs has long been recognized as an excellent
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material for low-noise transistors due to:

i)

ii)

iii)

the high electron mobility, which reduces the para-

sitic source resistance in the transistor, which in

turn lowers thermal noise;

the large r –L valley separation (0.55 eV) com-

pared to GaAs (0.31 eV), which reduces the inter-

valley scattering (low Kf);

the high peak velocity u. in Ga ~,471n~~~As (u. -

2.7 X 107 cm/s) versus Gr&-% (up - 2.0x 107 cm~s),

which leads to a higher ~= in submicrometer-gate-

length devices.

The AIInAs-GaInAs HEMT exhibits all of these advan-

tages to a greater degree because of i) higher electron

mobility in the undoped channel and ii) higher ~~ than

bulk GaInAs FET’s.

The gain and the noise figure of 50-pm-wide devices

were measured between 60 and 63.5 GHz. The data are

presented in Fig, 7(a) (lattice matched HEMT) and (b)

(pseudomorphic HEMT). The data represent the wave-

guide-to-waveguide performance of single-stage amplifiers

with no corrections for circuit losses. The minimum noise

figure of the lattice-matched HEMT amplifier was 1.3 dB

and the associated gain was 9.4 dB. The minimum noise

figure of the pseudomorphic HE,MT amplifier was 1.5 dB

and the associated gain was 8 d B. Our best result to date

has been for a lattice-matched HEMT with 0.2 ~m gate

length, which exhibited a Fmn = 0.8 dB and a G. =,8.7 dB

at 63.5 GHz (Fig. 8). Since the amplifier noise and gain

performance is a very strong function of circuit tuning, the

difference in amplifier performance is not substantial

enough to draw conclusions about differences in device

noise performance.

V. CONCLtJSIONS

AIInAs–GalnAs modulation doped structures grown by

MBE on InP have demonstrated excellent electronic prop-

erties. Extremely high sheet charge densities (n, --4 X

1012/cm2) and room-temperature nobilities (p -9500

cm2/V. s) have been achieved. HEMT’s with 0.1 pm gate

lengths have exhibited an ~~ = 170 GHz, whereas pseudo-

morphic AIO ~81n052As-Gao381]~Oc2As HEMT’s with 0.1
pm gates have demonstrated ex~.rinsic ~~ = 210 GHz. Sin-

gle-stage amplifiers using 0.2-pm-gate HEMT’s have

demonstrated a minimum noise figure of 0.8 dB and an

associated gain of 8.7 dB. These results confirm the

tremendous impact that AIInA-GaInAs HEMT’s will

have on millimeter-wave electronics.



1284 IEEE TRANSACTIONS ON MICRO WAVE THEORY AND TECHNIQUES, VOL. 37, NO. 9, SEPTEMBER 1989

6

I Vgs =.186v

z v&o.881 V
=5 ld=$.~5 mA
z Ig-o.$l #A
Z4
9

3

t

NF — - 2

1- 1

r)~ o
63.5

FREQUENCY (GHz)

Fig. 8. V-band noise figure andassociated gtindata forasingle-stage amplifier

ACKNOWLEDGMENT

The authors would like to thank S. Rosenbaum, S.

Vaughn, and K. White for help in device characterization.

L. M. Jelloian, M. A. Melendes, C. E. Hooper, M. Pierce,

and M. Thompson are thanked for help in processing and

D. Pierson for device assembly. J. Jensen is thanked for

digital circuit design and analysis and M. J. Delaney for

program management.

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

ReferenCeS

U. K. Mishra, A. S. Brown, and S. E. Rosenbaum, “DC and RF
performance of 0.1 &m gatelength AIInAs-GaInAs pseudomorphic
HEMTs,” in IEDM Tech. Dig., 1988, p. 180.
P. Ho et al., “Extremely high gain, low noise InAIAs/InGaAs

HEMs grown by MBE~’ in lEDM Tech. Dig., 1988, p. 184.

U. K. Mishra et al., “Microwave performance of AIInA–GaInAs
HEMT’s with 0.2- and O.I-pm gatelength,” IEEE Electron Device
Lett., vol, 9, p. 647, 1988.
U. K. Mishra et al., “Ultra-high-speed digital circuit performance
in 0.2-pm gate-length AIInAs/GaInAs HEMT technology,” IEEE

Electron Device Lett. vol. 9, p. 482, 1988.
U. K. Mishra, R. S. Beaubien, M. J, Delaney, A, S. Brown, and

L. H. Hackett, “ MBE grown GaAs MESFETS with ultrahigh g~

and fT,” in IEDM Tech. Dig., 1986, p. 829.

A. Lepore et al., “Fabrication and performance of 0.1 pm gate-
Iength AIGaA–GaAs HEMTs with unity current gain cut off

frequency in excess of 110 GHz,” presented at the Device Res.
Conf., Boulder, CO., 1988.

L. D. Nguyen, D. C. Radulescu, P. J. Tasker, M.C. Foisy, and L. F.
Eastman, “Influence of quantum well width on de and rf device

performance in pseudomo@ic AIGaAs/InGaAs MODFETS,”
presented at the Device Res. Conf., Borrlder, CO, 1988.
G. I. Ng, W.-P. Hong, D. Pavlidis, M. Tutt, and P. K. Bhat-

tacharya, “Characteristics of strained In65Ga,35 As/In52 A1,48As
HEMT with optimized transport parameters,” IEEE Electron De-
uice Lett. vol. 9, p. 439, 1988.

G. I. Ng, D. Pavlidis, M. Tutt, J. E. Oh, and P. K. Bhattacharya,
“Improved strained HEMT characteristics using double-hetero-

junction In65Ga,35As/In52 Al,4s As design,” IEEE Electron Device
Left. vol. 10, p, 114, 1989.
A. S. Brown, J. A. Henige, and M. J. Delaney, “ Photoluminescence

broadening mechanisms in high quality GaInAs–AIInAs quantum

well structures,” App/. Phys. Lett., vol. 52, p. 1142, 1988.
A. S. Brown, U. K. Mishra, J. A. Henige, and M. J. Delaney, ‘<The
impact of epitaxial layer design and quality on AIInAs/GaInAs
HEMT performance,” presented at the MBE Workshop, Los
Angeles, CA, 1987; also J. Vat. Sci. Technol., vol. B6, p. 678, 1988.

[12]

[13]

[14]

[15]

[16]

A. S. Brown, U, K. Mishra, J. A. Henige, and M. J. Delaney, “The
effect of InP substrate disorientation on GaInAs–AIInAs interface

and alloy quality,” J. App/. Phys., vol. 64, p. 3475, 1988.

U. K. Mishra, A, S. Brown, L. M. Jelloian, L. H. Hackett, and M. J.
Delaney, ‘<High performance submicrometer AIInA–GaInAs
HEMTs,” IEEE E/ectron Deuice Lett. vol. 9, p. 41, 1988,

A. S. Brown, U. K. Mishra, L. E, Larson, and S, E. Rosenbaum,
“The elimination of DC 1– V anomalies in GaInAs-AIInAs
HEMTs,” presented at 15th Int. Symp. GaAs and Related Com-
pounds, Atlanta, GA, 1988.

J. B. Kuang et al., “Kink effect in submicrometer-gate MBE-grown
InAIAs /InGaAs heterojunction MESFETS,” IEEE Electron Device

Lett,, vol. EDL-8, p, 383, 1987.

H. Fukui, ‘<Optimal noise figure of microwave GaAs MESFETS,”
IEEE Trans. Electron Devices, vol. ED-26, p. 1032, 1979.

Umesh K. Mishra (S’80–M83) received the

BTech degree in 1979 in electrical engineering
from the Indian Institute of Technology, Kanpur,

India. He received the M.S. degree in 1980 from

Lehigh University, Bethlehem, PA, and the Ph.D.

degree from Cornell University, Ithaca, NY.
He was at the Electronics Laboratory of Gen-

eral Electric in Syracuse, NY, from 1983 to 1985.
He then Joined the faculty of Electrical Engineer-

ing at the University of Michigan, Ann Arbor,

and became a member of the technical staff at
the Hughes Research Laboratories in Malibu, CA. He currently is an
Assistant Professor at North Carolina State University, Raleigh.

April S. Brown (S’79–M’87) received the B.S. degree from North Carolina
State University, Raleigh, and the M.S. and Ph.D degrees from Cornell
University, Ithaca, NY, all in electrical engineering.



MISHRA et d: THE AUnAs-GalnAs HEMT 1285

She joined the faculty of Electrical Engineer-
ing at the University of Michigan, Ann Arbor, in

1985, and the Hughes Research Laboratories,
Malibu, CA, in 1986. Since October 1988, she
has been with the Army Research Office in

Durham, NC. Her research has concentrated on

the growth of GaInAs and AIInAs on InP. Her

work has contributed towards the development

of very high performance InP-based HEMT’s
and HBT’s.

Dr. Brown is a member of the Speakers’ Bu-

reau of the IEEE Microwave Theory and Techniques Society for 1988– 89.

M. J. Delaney (M80) received the Ph.D. degree

in physics from the University of California,
Irvine.

He is presently head of the III–V molecular
beam epitaxy and lithography section in the
GaAs Device and Circuits Department at Hughes
Research Laboratories, Malibu, CA. He is re-

sponsible for the MBE epitaxial growth of all
III–V materials for microelectronic devices and

circuits. Prior to joining Hughes in 1985, he was

with TRW, where he was head of the mm-wave

device section of the Microelectronics Center. He also was a postdoctoral

research associate in the Physics Department and Materials Research

Laboratory of the University of Illinois at Champaign-Urbana for two

years prior to joining TRW.

Paul T. Greilirw W64-M69-SM82-F’85) re--.
ceived the B. S.E.E. and B.S. Math degrees in
1963, the M. S.E.E. degree in 1964, and the Ph.D.
degree in 1970 from the Unviersity of Michigan.
Ann Arbor.

He joined the faculty of Electrical Engineering

at Northeastern University, Boston, MA, in 1970.

While at Northeastern he consulted for Lincoln

Laboratory, M. I. T., in the area of IMPATT

diodes. In 1972 he joined the faculty of Electrical

Sciences and Engineering at the University of

California, Los Angeles, where he did research on the theoretical analysis

and expenmentaf characterization of microwave solid-state devices. He
consulted for local industry onmillimeter-wave semiconductor devices. In
1976, he was a Visiting Faculty Member at Sandia Laboratories, Albu-
querque, NM, working on GaAs FET’s. In 1976 he joined the staff at
Hughes Research Laboratories, Malibu, CA, where he has been responsi-

ble for the design, modeling, and testing of GaAs digital IC’S.

Dr. Greiling was selected as a Distinguished Microwave Lecturer by

the Microwave Theory and Techniques Society for 1984–85 and pre-

sented a lecture entitled “High-Speed Digital IC Performance Outlook

to MTT chapters throughout the U.S., Europe, rmd Japan. At present he
is Manager of the GaAs Devices and Circuits Department at Hughes

Research Laboratones, working on higl-speed GaAs logic circuits and is
an Adjunct Professor in the Electrical Sciences and Engineering Depart-
ment at UCLA. Dr. Greiling is a member of the MTTS AdCorn, Eta
Kappa Nu, Tau Beta Pi, and Sigma Xi.

Charles F. Krnmm (S63-M70-SM87-F’89) was
born in Macomb, IL, on August 3, 1941. He
received the ASSCIC.in Science degree from Cirand
Rapids Junior College in 1961, and the B. S.E.,
M. S.E., and Ph.D. degrees, allinelectrical engi-
neering, from the University of Michigan in 1961,
1963, and 1970 respectively.

From 1969 to1976he waswith the Raytheon
Company Research Division in Massachusetts.
There he workecl on high-power Gunn devices,
surface acoustic wave devices. and Si bi~olar

tt-ansistors andliqt~id andvapor phase epittialgrowth'of GaAs. H~was

the leader of the initial GaAs FET fabrication team at Raytheon and also

led the first transfer of that technology into production at Raytheon. In

1976 he joined the Hughes Research Laboratories in Malibu, CA, where
he held a series of increasingly responsible positions, most recently as
manager of the Microelectronics Laborator’y. Hisrole at Hughes incb.sded
responsibility for the development of advanced Si and GaAs device and
integrated circuit technologies. The activities in his laboratory covered a
wide range of topics, covering ion implantation, 0.1 pm electron beam
lithography, molecular beam andmetaf organic epitaxy, and ultra-high-
speed circuit design, simulation, layout, and testing of digitaf integrated

circuits up to 30 GHz and devices up to 100 GHz. In March 1989 he

transferred to the Hughes Radar Systems Group, where he is assistant

manager of the Hughes MIMIC program. He has filed numerous patent

disclosures and has two U.S. patents awarded. He is the author of two

book chapters and over 50 conference publications and presentations. He

is also a graduate of the Raytheon and Hughes management programs

and the UCLA Executive Management Program.

Dr. Krumm has served on the technical program committees of several
conferences, including the Device Research Conference and the Intema-
tionaf Electron Devices Meeting. He has served as technicaf program
chairman and”general chairman of the IF.EE Cornell Conference. H[e has
also been an invited panelist at the International Solid State Circuits
Conference and the International Microwave Theory and Techniques
Symposium. He has served on several government committees addressing

semiconductor competitiveness issues. Dr. Kmmm is a member of Phi
Kappa Phi, Sigma Xi, and Eta Kappa Nu.


