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Abstract: AlGaN/GaN high electron mobility transistor (HEMT) materials are grown by RF plasma-assisted

molecular beam epitaxy (RF-M BE) and HEMT devices are fabricated and characterized. The HEMT materials have

a mobility of ]035{:m:/( V *s) at sheet electron concentration of 1.0X 10%em™ % at room temperature. For the de—

vices labricated using the materials, a maximum saturation drain-current density of 925mA/mm and a peak extrinsic

transconductance of 186mS/mm are obtained on devices with gate length and width of lgm and 80um respectively.

The f1, unit—current-gain frequency of the devices. is about 18. 8GHz.

Key words: HEMT: GaN: FET: RF-MBE
EEACC: 2560S8: 0510: 2520D PACC: 6855
CLC number: TN304.2" 3 Document code: A

1 Introduction

AlGaN /GaN

attracted much attention due to the potential for

heterostructures have recently

their applications in high-power, high<tempera-
ture, highfrequency microelectronic devices'” i
GaN possesses large band gap (3.4eV), very high
breakdown field (3 X 10°V/em), and extremely
high peak (3 X 10'em/s) and saturation velocity
(1.5X 107em/s)". These properties in combina—
tion with the large conduction band offset and the
high-density two-dimensional electron gas(2DEG)
on the order of 10”em™? at the AlGaN/GaN inter—
face. make the AlGaN/GaN heterostuctures suneri—

or to conventional semiconductor heterostuctures
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such as GaAs-based and InP-based ones in the field
of high power and high temperature microelectron-
ic devices'"*. Such semiconductor devices will find
applications in power amplifiers for base station
transmitters for wireless telephone systems, HDTV
transmitters, power modules for phase-array radars
and so on'”!

The room temperature Hall electron mobility
as high as 2000 em’/(V *s) at sheet electron den—
sity of 10”em™* was achieved in AlGaN/GaN het—
erostructures grown on 6H-8iC by using low pres—
sure metal organic chemical deposition
(MOCVD)"". Mobility as high as about 1500cm®/
(V *s) at room temperature was observed both in

MOCVD- and MBE—rown AlGaN/GaN heteros—

tuctures at a sheet carrier density of about 8.5 X

vapor
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107 em™ ****1 AlGaN/GaN HEMTs and mi-
crowave power amplifiers grown on SiC substrates
by MOCVD have already demonstrated a record
power density of 9. 8W/mm with power added effi-
ciency (PAE) about 47% and CW output power of
14W at 8GHz on 4-mm-wide devices'®

Sapphire has been the most widely used sub-
strate material as it is readily available and of low
cost for the growth of III nitrides. However, the
growth of device—quality heterostuctures on sap-—
phire remains difficult due to the large lattice and
thermal mismatches between sapphire and GaN.
Furthermore, the GaN-based HEMT device pro-
cessing technology needs to be further explored
and improved. Before the application of the Al-
GaN/GaN HEMT

there is still much work to do.

materials and power devices

We have previously reported 730 em’/(V * s)
mobility at 300K (n.= 7.6 X 10% em™?) for the
MBE—grown piezoelectrically-doped AlGaN/GaN
heterostructures and the DC and small signal char-
acteristics of the fabricated HEMT device'”?. Re—
cently, we reported two-dimensional electron gas

AIN/GaN

grown by plasma-assisted M BE, whose mobility at

materials with superlattice structure

room lemperature is 1086em’/(V * s) at a sheet

2 In this

electron concentration of 7.5X 10" cm
paper, our recent progress on the performances of
the modulation-doped A1GaN/GaN HEMT materi-
als are reported. The HEMT devices grown by RF
plasma-assisted MBE on sapphire substrates are
fabricated. The HEMT materials and devices ex-

hibit good characteristics.

2 Material growth and device fabri—
cation

The device structures presented in this paper
were grown on l.5-nch e¢-plane sapphire sub-
strates by a modified home-made molecular-beam
epitaxy system using a RF plasma nitrogen source.
Conventional Knudsen effusion cells were used as

Ga and Al sources. The substrates were degreased

ultrasonically in organic solvents and were next
etched solution of H2804 and H3POs
(H2804 - HsPOs= 3 ° 1) mixture for about 20min.

They were then rinsed in deionized water. After

in a hot

spinning dry, the substrates were mounted on
molybdenum substrate holders, and loaded into the
load lock.

The growth of the device structures started
with a 20nm AIN nucleation layer deposited on the
sapphire substrates at 600~ 700C, followed by an
actual GaN buffer with a thickness of about 1. 5ym
grown at 800C with a nitrogen gas flow of
1. 2scem and a RF power of 400W. On the top of
the buffer layer an Al:Gai-«N barrier donor layer
was grown, consisting of an unintentionally-doped
3nm spacer layer, a 2Ilnm Si-doped carrier—supply
layer with carrier concentration of 2X 10%em™?,
and finally an undoped Inm GaN cap layer. The
mole fraction of Al in the ALGai-«N layer was
20%, as
diffraction (DCXRD) measurement.

The HEMT

processed into HEMTs with conventional process—

determined by double ecrystal X-ray

structural materials were then

ing steps. First, the device isolation was achieved
by optical lithography and mesa formation with Cl-
based reactive-ion etching (RIE).The mesa height
was typically 150nm. T hen, source and drain Ohmic
contacts were applied directly to the AlGaN layer
etching. The Ohmic contact

. (13 ”
without a ‘recess

source and drain metallization consisted of elec—
evaporated Ti/Al/Ti/Au ( 40nm/
220nm/40nm/50nm) annealed in N2 ambient at

900C for 30s. Prior to the evaporation the samples

tron-heam

were rinsed in HCI and in-situ cleaned by an Ar’
ion beam. This resulted in specific Ohmic contact
resistance of Rc= 2X 107" Q * em’. Finally, the
Schottky gate was defined by lift-off technology
and the gate metallization employed was vacuum e-

vaporated Pt/Ti/Au (50nm/40nm/150nm) .

3 Results and discussion

Figure 1 shows the electron mobility and sheet
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density characterized by variabletemperature Van
der Pauw Hall measurements for a typical AlGaN/
GaN HEMT structural sample. The sample was
characterized over the temperature range from 77K
to 568K to confirm the two-dimensional nature of
the electron distribution. The Hall mobility was
measured to be as high as 2653cm’/(V * s) at
77K, 1035em’/(V * s) at room temperature and
233em’/(V *s) at S68K. The sheet electron densi—
ties for this sample were 9.6X10”cm™ *at 77K, 1.0

Bl

X 10"em™ * at room temperature and 1. 6X 10" em”
at 568K. At 77K the electron mobility increased
more than twice the value at RT whereas the sheet
carrier densities kept almost constant, as expected
for a two dimensional electron gas. The formation
of 2DEG in the current structure originated from

both the piezoelectric field and modulation-doped

effects.
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Fig. 1 Variable4temperature Hall effect measure-

ments for an AlGaN/GaN HEMT sample grown on
(0001) sapphire substrate by RF-MBE

The performances of the devices were first
measured with /- characterization. Shown in
Figs. 2 and 3 are the output and transfer character—
istics, respectively, of a typical 1 finger HEMT
with Ium gate length, 80um gate width and 4um
source-drain spacing. DC measurements on this de-
vice yielded a maximum extrinsic transconductance
of 186mS/mm and a maximum saturation drain
current density of 925mA/mm (V= 1V). The

pinch-off voltage of this device was about — 35V

and the knee voltage was between 4~ 5V. The
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Fig. 2 I+.-Va characteristics at room temperature
for an AlGaN/GaN HEMT with L= lpym and W.=
80pum
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Fig. 3 Transfer characteristics of the AlGaN/GaN
HEMT with lum gate length

breakdown voltage of the gate-drain was lager than
40V. T he device performances were still limited by
the high series resistance since in this case the spe-
cific Ohmic contact resistance was 10°'Q * em’, as
obtained by transmission line model (TLM). At
high current levels significant self-heating of the
devices took place, limiting the maximum drain
current. The self-heating became even more domi-
nant as the gate width increased. T his makes clear
that a suitable thermal management by flip bond-
ing must be performed or SiC must be chosen as a
thermally highly conductive substrate to overcome
the self-heating problem. All the HEMT devices
measured exhibit good saturation and pinch-off
characteristics.

To investigate high frequency characteristic of
the devices, small-signal S-parameter measure—

ments have been made. From the s-parameters, cur—
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rent gain (h21) can be calculated. An example is
shown in Fig. 4, for the lum gate length device
mentioned above. For the typical device measured,
current gain cutoff frequency is f+= 18.8GHz.
Power performances for these devices are still un-

der test and will be reported in the future.

10 10* 10° 10" 10"
fIHz

Fig. 4 Small signal RF characteristic of the lum
gate AlGaN/GaN HEMT device

4 Summary

AlGaN/GaN high electron mobility transistor
materials are grown by RF plasma-assisted molec—
ular beam epitaxy and HEMT devices are fabricat—
ed successfully. The mobility as high as 1035¢m*/
(V *s) at a sheet electron concentration of 1.0X
10"em™* at room temperature has been achieved. A
maximum saturation drain-current density of
925mA/mm and a peak extrinsic transconductance
of 186mS/mm are obtained on devices with gate
length and width of lpym and 80um respectively.
The current-gain cut-off frequency f+ of the devices

is measured to be about 18. 8GHz.
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RF-MBE & {89 AlGaN/GaN 5 B FEBERKXEFHE

Emese' SEB EEX' xHee ok 8 Z5E MR wm
BB W fULMERE AResi!
(1 R SR e, JEst 100083)
(2 hEEFER SR e, dbst 100029)

WE: AT FASMER AT T ST AN 1035em™/(V +s), S HEH KR 1.0X10%em ™, 77K iT
BN 2653em’/(V +s), HER 7KL N 9.6X10%em ™ *[) AlGaN/GaN i L7~ iT B 3 5 AR #48E. H ok 44 L iF
T A A RS L, D820 80pm, Y5 <k )25 20 4pem) 1 S8R AEASGE RS 320 186m S /mm , d A T A2 UL R0 Lt 70 3% 12
H925mA /mm. FFAESE N 18, 8GHz.

KGR HETIE B AR BB AN AT RF-MBE
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