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AIN/AIGaN HEMTSs on AIN substrate for
stable high-temperature operation

N. Yafune, S. Hashimoto, K. Akita, Y. Yamamoto,
H. Tokuda, M. Kuzuhara

We demonstrate an AIN/AIGaN high-electron-mobilityansistor
(HEMT) fabricated on a free-standing AIN substra®emetal stack,
composed of Zr/Al/Mo/Au, was found to show low cactt resistivity
for source and drain ohmic contacts. The fabricaidtlAIGaN HEMT
exhibited a maximum drain current of 38 mA/mm wahthreshold
voltage of -3.4 V. Negligible drain current degrtiola was observed at
temperatures from 300 to 573 K, demonstrating that AIN/AIGaN
approach on an AIN substrate is promising for stdtijh-temperature
operation.

Introduction:  An  AlGaN/GaN high-electron-mobility transistor
(HEMT) is a promising device applicable to high-mwwhigh-voltage,
and high-temperature electronic applications [He Tise of GaN as a
channel layer in HEMTs, however, suffers from digaint degradation
in the drain current at elevated temperatures [2ahjo et al. reported
the first operation of an AlGaN-channel HEMT onapphire substrate,
where Ab GasN and Ab.GaeN were used as a channel layer and a
barrier layer, respectively [4]. To increase Al gmsition in the AlGaN
channel layer, Tokuda et al. reported an AlGaN-okAHEMT on a
free-standing AIN substrate and demonstrated itpersor high-
temperature stability by using &hGay 4N and Ab gGay.14\N as channel
and barrier layers, respectively [5]. From thesuiits, further improved
stability at high temperatures would be expectecdbypting higher Al
compositions for both channel and barrier layerigAldbased ohmic
metal stacks have been commonly used to form olwoitacts on
AlGaN/GaN heterostructures. However, it becomeberatifficult to
achieve enough low values in the contact resigtfat AlIGaN-channel
HEMTSs. Yafune et al. were the first to apply alldyghmic contacts to
AlGaN-channel HEMTs using a metal stack of Zr/Al/Ma for an
AlGaN barrier layer with an Al composition of 0.8.

In this letter, we describe DC characteristics ohavel AlGaN-
channel HEMT fabricated on an AIN substrate. Emshisplaced on
the optimization of ohmic contact resistance Lutilig Zr/Al/Mo/Au
metal stacks. Excellent stability in DC characterss at high
temperatures is presented for the developed AINANGIEMT.

Experimental procedure: Fig. 1 shows a cross sectional view of the
fabricated AIN/AIGaN HEMT. The epitaxial layers veelgrown by
metalorganic chemical vapor deposition (MOCVD) offree standing
AIN substrate with a dislocation density of lesarttLG cm? [7]. The
structure consists of a 200 nm-thick AIN buffei3@G0 nm-thick AlGaN
channel layer with an Al composition of 0.6, an@@ nm-thick AIN
barrier layer. Details of the growth procedure hdeen published
elsewhere [8]. All the epitaxial layers were undbpe
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Fig.1 Schematic cross section of AIN/AIGaN HEMT fabricated on AIN
substrate

Device processing was started with mesa isolatioB®ls/Cl,-based
reactive ion etching with an etching depth of 100 @hmic metals of
Zr/Al/Mo/Au were deposited by e-beam evaporatiotofeed by rapid
thermal annealing (RTA) at temperatures ranginghf890 to 1000 °C
for 30 s. The thickness of Zr was varied from 2%onm and that of Al
was varied from 60 to 180 nm. The thicknesses of aid Au were
fixed at 35 and 50 nm, respectively. The specifiotact resistivity was
estimated by circular transfer-length method (CTLMNi/Au
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(100/150nm) was used as a Schottky gate metal. dBwice has a
circular pattern with a gate length ofuf. The spacing between source
and gate and that between gate and drain were 3 amq respectively.
All the devices were unpassivated.

Results and Discussion: Fig. 2 shows the specific contact resistivity of
Zr/Al/Mo/Au ohmic contacts as a function of annaglitemperature. It
was found that the lowest ohmic contact was acliewden the
thicknesses of Zr and Al were chosen to be 15 &@dnin, respectively.
After RTA at 850 °C, the sample exhibited strongn-fiaear I-V
characteristics with extremely high resistivitytire low-voltage region.
By RTA at more than 900 °C, improved linearity tee®n observed in
the |-V characteristics with rather a low specifientact resistivity of
around 1G Q cnf. The best contact resistivity achieved was 1.9x10
Q cnfafter RTA at 950 °C. In our previous study [8],mesific contact
resistivity of 4.8x1G Q cn? was attained for an epitaxial structure of
Alo.geGap1aAN/Alg5:Gan 4N by using Zr/Al/Mo/Au with Zr and Al
thicknesses of 15 and 60nm, respectively. Theadtsesuggest that a
thicker Al thickness in Zr/Al/Mo/Au is beneficialotachieve better
ohmic characteristics for higher Al compositiortle barrier layer.
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Fig.2 Specific contact resistivity as a function of annealing temperature
for Zr/Al/Mo/Au metal stack on AIN/AIGaN heterostructure

Figs. 3 (a) and (b) show drain current-voltage JleWiaracteristics,
measure at 300 and 573 K, respectively, for an AlpNGay N HEMT.
The threshold voltage was almost unchanged to He\3oth at 300
and 573 K. At 300 K, the device exhibited a maximdrain current
(lamay estimated at Vgs=2 V of 38 mA/mm, a saturatioairdicurrent
(lgs9 estimated at Vgs=0 V of 23 mA/mm, and an on-stagstance
(Ror) of 284Qmm. When the device temperature was raised to 573 K
the device exhibitedyhax lass @and Rn of 40 mA/mm, 22 mA/mm, and
210 Qmm, respectively. It should be noted that, B decreased and
lamax iS increased with increasing temperatures up K 7Because of
the thermionic nature of Zr/Al/Mo/Au ohmic contacthe contact
resistance was improved from &mnm at 300 K to 422mm at 573 K,
leading to the reduced,Rand increasedihax at elevated temperatures.
Using independently estimated sheet resistanc88affQ/ (at 300 K)
and 8700Q/ (at 573 K) by Hall-effect measurements and a sstoe
drain distance of 14im, Ry, was calculated to be 2Z3mm at 300 K
and 206Qmm at 573 K. Those calculated values are in reddena
agreement with the measured,®f 284 Qmm (at 300 K) and 210
Qmm (at 573 K).
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Fig.3 Drain |-V characteristics of AN/AIGaN HEMT
a Measured at 300 K
b Measured at 573 K
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Fig. 4 shows the drain current measured at Vgs=d% \@ function
of temperature for an AIN/AkGa /N HEMT. Each value of drain
current was normalized by its value at 300 K. Afdotted are the
results for a standard fdsGay 79N/GaN HEMT. The degradation ratio
in the drain current between 300 and 573 K was alily for the
AIN/Al g 6GapsN HEMT, while that was as large as 80% for the
Alo2sGay7IN/GaN HEMT. Hatano et al. reported that at 573 I€ th
effective electron velocity in the MéGay74N channel becomes larger
than that for the GaN channel [9]. Therefore, thgroved high
temperature operation for the AIN#AGa/N HEMT is not only
ascribed to the decreased contact resistivity Isotta the small relative
degradation in the effective electron velocity. Eaver, the high
thermal conductivity of AIN (200 W/m-K) would coitinte as a
beneficial factor for high temperature operationheT reduced
temperature dependence of AIN/AIGaN HEMTs is expecto be
particularly important for applications, where n@esial cooling
mechanisms are able to be utilized in the system.
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Fig.4 Temperature dependence of drain current for AINJAIGaN HEMT.
Also plotted is the temperature dependence for standard AlGaN/GaN
HEMT

Conclusion: we have developed an AIN/AIGaN HEMT on a free-
standing AIN substrate. It was found that a metatks of Zr/Al/Mo/Au
was effective to achieve low ohmic contacts on AlFaN
heterostructures. A contact resistivity of 1.9%IDcnf was achieved
by optimizing the metal thickness of Zr/Al/Mo/Au éiby annealing at
950 °C. The fabricated AIN/AIGaN HEMT exhibited arimum drain
current of 38 mA/mm at room temperature and shoordgt a small
decrease by 4 % in the drain current with increadine device
temperature up to 573 K.
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