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Abstract
A nearly lattice-matched InAIN/AIGaN HFET was
fabricated and evaluated for the first time. The féri-

Table I. 2DEG densityNs), 2DEG mobility () and sheet re-
sistance Rsn) of INAIN/AIGaN heterostructures measured by Hall
effect [2,3]

cated device showed a good pinch-off characteristiith
a high breakdown field. Simple device calculation &sed

on experimental results showed a possibility that éow
specific on-resistance below 2 @ cn? can be obtained

Ns u Rsh
Sample structure (cnm?) (CPIVs) (Q/sq.)
Ino.12Alo.eaN/Alo21Gap.7dN 2.8 X162 162 1,477

in the case where contact resistivity is lower tharl x
10° Q cn?.

1. Introduction

The device fabrication was conducted using conven-
tional photolithographic method. Ohmic patterns ever
formed by the evaporation of Ti/Al (15/60 nm), whiglere

Recently, AlGaN-channel 2DEG heterostructures andsubsequently annealed at 550 °C in nitrogen atnewsph

field effect transistors (FETs) have been attractimgch
attention owing to their high breakdown voltagek \We
also reported that nearly lattice-matched InAIN/ANG
heterostructures with high 2DEG densities were &s&C
fully grown by MOCVD, and discussed their low 2DEG
mobilities as well as high 2DEG mobilities [2,3]o Eon-
sider the actual application of the InAIN/AIGaN é&et-
structures to high-power electronic devices, ihésessary
to evaluate their device characteristics. In thigpgy, we
present the results of the fabrication and charnaeti#on of
InAIN/AIGaN HFETS.

2. Experimental

An  Ino1AlogdN/Alg2:Gap7dN  heterostructure  was
grown in a horizontal metalorganic chemical vapbage
deposition (MOCVD) system (Taiyo Nippon Sanso
SR2000). A 2-in-diameter AlN/sapphire template (DAW
Electronics) was used as an underlying substratiejwiad
a lum-thick epitaxial AIN film on a c-face sapphire. The
sample structure consisted of, from bottom to tap,
2-um-thick AlGaN channel layer, a 1-nm-thick AlNten-
facial layer, and a 10-nm-thick InAIN barrier layérhe
1-nm-thick AIN interfacial layer was employed fanet
purpose of not only enhancing 2DEG carrier confingme
in the channel, but also of protecting the AlGaNfaze
during the growth interval. The InAIN barrier layems
grown to be nearly lattice-matched to the undegdyil-
GaN channel layers. The basic electrical propexdiethe
sample are summarized in Table 1.

Gate Schottky electrodes were formed by the ev#ipara
of Pd/Ti/Au (40/20/60 nm). The device dimensionsevas

follows: source-to-drain distandeq = 9 um, gate-to-drain
distancel4q = 4 um, gate length,y = 2 um and gate width
Wg = 15um. Current-voltagel€V) characteristics were
measured using a semiconductor parameter analyzer.

3. Results and discussion

Fig. 1 shows a typical DC characteristic for thbria
cated InAIN/AIGaN HFET. As seen in this figure, tad-
ricated device exhibited a good pinch-off properthe
maximum drain current density was measured to be ap
proximately 80 mA/mm.
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1. Drain-to-sourceV characteristic for INAIN/AIGaN HFET.
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Fig. 2. The result of three terminal off-state td@avn voltage
measurement.
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Fig. 3. Relationship between critical electric digind Al content
in AlIGaN channel layers in HFETs. All the data areasurement
results for FETs without FP electrodes.

Using transmission line model (TLM) patterns, the
contact resistivity ) was measured to be over 2 x31Q
cn?, which means that the contact resistance occupies
considerably large part of the total device resista In
other words, we can expect a better drain currespeayty
by lowering the contact resistance value.

Three terminal off-state breakdown voltagés)( was
measured at an applied gate voltage of -10 V andéhby
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Fig. 4. Calculated relationships of Ron*A yg.and of optimized
contact lengthl() vs. pc for optimized InAIN/AIGaN HFETSs with
a breakdown voltage of 600 V. The calculation wasdticted in
accordance with Ref. [4], on the basis of FETs authFP elec-
trodes.

We attempted to calculate specific on-resistance
(Ron*A) limits for INAIN/AIGaN HFETSs. Fig. 4 showthe
calculation result about the dependence of Ron*Apgn
This result was obtained by assuming ag.idlosd\/

Al 2:Gay 7N HFET with Lgg = 6 um, which corresponds to
Ve =~ 600 V, without FP electrodes. For the Ron*A cadeul
tion, drift resistance was estimated on the bakiRspin
Table 1, and source and drain electrode lengths wgtie
mized by means reported in Ref. [4]. Fig. 4 indésathat a
low Ron*A value below 2 €2 cn? can be obtained in the
case wherep is lower than 1 x 1B Q cn?. This value
seems to be comparable with Ron*A limits for opded
GaN-channel HFETs with FP electrodes [4]. This means
that further improvement can be expected in InAIKFAN
HFETs with FP electrodes.

4. Conclusions

A nearly lattice-matched InAIN/AIGaN HFET was fab
ricated and evaluated for the first time. The fadted de-
vice showed a good pinch-off characteristic wittdrain
current density of approximately 80 mA/mm and wéth
breakdown field of 118 \Wm. Simple device calculation
based on experimental results indicated that aRon*A
value can be obtained at a breakdown voltage of \600
even without the use of FP electrodes, by achiewign-

creasing the drain-to-source voltage. The measureme ;5. resistivity value of lower than 1 x 4@ cr?.

result is shown in Fig.2. As seen in this figutes break-
down voltage was measured to be 470 V at drairentirr
density of 1 mA/mm. Correspondingly, the critickatric
filed at the off-state breakdowikd was estimated to be
118 Vijum. Fig.3 plots of the relationship betweEg and
Al content in AlGaN channel layers, in which theuks of
AlGaN/AlGaN HFETSs reported in Ref. [1] and [4] arsal
plotted. All the data are results of FETs witholgdiplate
(FP) electrodes. When comparing with the reportedes,
our present data seems to be reasonable.
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