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Thermal stability study of Ni /Ta n-GaN Schottky contacts

G. L. Chen, F. C. Chang, K. C. Shen, J. Ou, W. H. Chen,® M. C. Lee,
and W. K. Chen
Department of Electrophysics, National Chiao Tung University, Hsinchu, Taiwan 300, Republic of China

M. J. Jou and C. N. Huang
Epistar Corporation, Hsinchu, Taiwan 300, Republic of China

(Received 24 July 2001; accepted for publication 15 October)2001

The Schottky behavior of Ni/Ta and Ni contactsrmeGaN was investigated under various annealing
conditions by current—voltage measurements. It is found that with the addition of Ta between the Ni
layer and the GaN substrate the thermal stability properties of devices can be significantly improved.
Experimental results indicate that a high quality Nifif&aN Schottky diode with an ideality factor

and barrier height of 1.16 and 1.24 eV, respectively, can be obtained under 1 h annealing, at 700 °C.
© 2002 American Institute of Physic§DOI: 10.1063/1.1425455

Due to the properties of wide band gap, high electronvoltage and high currentwith an increase in temperature,
saturation velocity, large breakdown field and thermal stabilindicating poorer rectifying characteristics have occurred in
ity GaN materials have recently attracted much attention inhese high-temperature annealed Ni diodes. Clearer pictures
the area of high-temperature, high-power devicecan pe seen from the deduced device parameters. As can be
applications,™ such as metal—semiconductor field effectseen in Table I, despite the fact that a good quality Schottky
tran5|stprs _and high electrgn mobility transistors. Howevgrdiode with an ideality factor of 1.14 and barrier height of
the realization of these devices not only counts on the quallt}z).93 eV can be obtained at an annealing temperature of

of the material properties, but also relies critically on the R . . .
. ) 500 °C, a further increase in the annealing temperature does
performance of metal contacts, in particular the Schottky

contacts. Therefore, the exploration of thermally stabledeterlorate thd —V characteristics, particularly that of the

Schottky contacts is very desirable for implementation of2a!fer height. It changes to 0.85 eV at 600°C, 0.76 eV at
such kinds of devices. With regard to a GaN Schottky study/00 °C, and 0.70 eV at 800 °C. Such degradation is attribut-
numbers of elemental metals, including Pd, Pt, Ti, Ni, Au, crable primarily to the onset of interface reactions of Ni and
and Re'~® and intermetallics of PtSi and NiSi have been GaN and a burst of loss of N at the interface at 550—-600 °C,
investigated extensively and several advancements have
been achievefi-® Here, we present an alternative method
that uses a Ni/Ta contact scheme to improve the thermal
stability properties of the GaN Schottky contact. We ob-
served that a high quality Schottky diode with an ideality
factor and barrier height of 1.16 and 1.24 eV, respectively,
can be obtained for samples annealed under severe annealing
conditions of 700 °C for 1 h.

The 2.um-thick n-GaN film employed here was pre-
pared using metalorganic vapor phase epitaxy. The corre-
sponding background concentration and electron mobility
are 1.7x 10" cm 2 and 566 cri/V s, respectively. In or-
der to characterize electrical properties, Ni/Ta Schottky di-
odes were then made for these samples.

In Figs. 1 and 2, we present the dependence of the for-
ward and reverse bias characteristics of pure Ni and Ni/Ta
bilayer Schottky contacts amGaN annealed at various tem-
peratures from 500 to 800 °C from 5 min to 1 h, respectively.
From the forward logl—V curves, the ideality factors,

Ni
—0— TA500°C 5min ]
—O0—TA600°C 5min
—A—TA 700°C 5min ]
—— TA 800°C 5min ]
NifTa 3
—&— TA 500°C 5min ]
—e— TA600°C 5min
—aA— TA 700°C Smin 3

Current (A)

Schottky barrier heightsp,, and saturation current, of —¥— TA 800°C 5min 1

these diodes can be obtained. The extracted device param- ] Ilﬁsggémx:

eters for these Schottky diodes are summarized in Table I. 102, T
As far as the Nin-GaN Schottky diodes are concerned, 0.0 0.2 0.4 0.6 0.8 1.0 12

under a fixed annealing time of 5 min we find that the for- Forward Bias (V)

ward| -V curve(open symbolstends to shift to the leflow

FIG. 1. Forward -V characteristics of Ni and Ni/Te-GaN Schottky con-
tacts after being annealed at temperatures from 500 to 800 °C for 5 min or 1
¥Electronic mail: wkchen@cc.nctu.edu.tw h, respectively.
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10° g T YTy — an extended annealing timé bh at 600 and 700 °Gespec-
F 1 . . .
:' — O TA 500°C 5min tively, and of 30 min at 800 °C. The results are also shown in
10°F \v\ —o— TA 600°C 5min ! Figs. 1 and 2 and in Table Il. It is interesting to note that no
E e L soro ey 4 TA700°C Smin clear evidence of degradation is observed for 600 and 700 °C

% —v— TA 800°C 5min

10° b —e— TA 600°C 5min
E —A— TA 700°C 5min
[ —»— TA 800°C 5min
10° F~—®—TA 600°C thour
$—d— TA 700°C 1hour

annealed diodes under prolonged thermal treatment. In fact,
slightly better results are obtained for these diodes. The cor-
responding ideality factor remains almost unchanged, but the
barrier height improves from 1.12 to 1.17 eV for 600 °C and

< 0k 1.16-1.24 eV for 700 °C as the annealing time is increased
€ En © from 5 min to 1 h. As for the 800 °C sample, insulator-like
g 10k behavior is observed for an annealing time of 30 min.
O i For thermal stability study of GaN, it has been demon-
10° b strated that both conventional Pt and N GaN Schottky
E— diodes®® can be stable up to 400—500 °Cr fb h annealing,
10—10; as shown in Table II. The addition of Si to the Pt GaN diode
is found to have a noticeable effect in improving the thermal
10"k stability compared to the Pt-only diode, for which the an-
nealing temperature can be increased up to 600°C for 1 h
10™ without severe degradation of its performance. Although

Venugopalan and Mohnéyn their study have shown that a
Reverse Bias (V) Re contact is more thermal stable than most reported GaN
- _ , Schottky contacts, satisfactory rectifying characteristics can
FIG. 2. Reversé—V characteristics of Ni and Ni/Te-GaN Schottky con- . . .
tacts after being annealed at temperatures from 500 to 800 °C for 5 min or iny be obtained at an operating temperature as high as
h, respectively. 150 °C. Based on the above discussions, we determine that
our Ni/Taln-GaN does perform comparatively well with re-
in accord with the arguments given by Lét al.? by Bermu- ggrd to .the thermal stgbility since a high quglity Schottky
dez and Kaplad® and by Venugopalaet al* diode with a b_arrler he|g_ht of 1.24 eV and an ideality factor
In contrast, very unlike behavior is observed in the Ni/Ta®f 1.16 can still be obtained at a temperature of 700 °C for
n-GaN Schottky diodes after annealing at various high teml€ss the 1 h annealing.
peratures for 5 min. As can be seen in Fig. 1, when Ta is ©One additional point worth mentioning is that when the
added to the contact layer the corresponding forwartt ~ Ni/Ta GaN Schottky diode is subjected to long-term expo-
curve (closed symbolstends to shift to the right with an sure, for example, 1 h, at 600 or 700 °C, the reverse leakage
increase in annealing temperature, rather than the tendengyrent is reduced to a value of 10A/cm? and exhibits
to shift to the left in the Ni-only diodes. Moreover, it is worth nearly voltage-independent characteristics. These findings to-
mentioning that the Ni/Ta Schottky diode displays virtually gether with the excellent forward characteristics seem to im-
no rectifying characteristics at annealing temperatures ofly that the metal—semiconductor interface that results in this
500-600 °C. It improves almost immediately after the tem-case is highly metallurgically stable and nearly free of any
perature exceeds 700°C. The resultant ideality faotes  interface reactions and component interdiffusfamich will
almost close to 1 and the barrier heights are 1.12 and 1.1Be discussed in more detail latesince, if imperfections do
eV, respectively, for 700 and 800°C samples. Such goo@ccur, they will form an intervening dipole layer and other
Schottky characteristics are unusual for high-temperature arsontaminants at the interface and cause an increase in leak-
nealed GaN diodes. age current at high reverse bias voltage.
To examine the long-term thermal stability of the Ni/Ta The strong dependence of electrical properties in the
GaN Schottky diode, we conducted further experiments witiNi/Ta/n-GaN Schottky diode on the annealing temperature

TABLE I. Electrical parameters of Ni/ and Ni/Ta/GaN diodes.

Annealing Barrier Series Leakage
temperature Ideality factor height, ¢, resistanceRg current,Jg
Metal (°C) n (ev) Q) (Alcm?)
Ni 500, 5 min 1.14 0.93 200 %1078
600, 5 min 1.20 0.85 250 210°°
700, 5 min 1.21 0.76 250 21072
800, 5 min 121 0.70 280 251072
Ni/Ta 500, 5 min Poorly rectified
600, 5 min Poorly rectified
700, 5 min 1.08 1.12 600 51078
800, 5 min 1.08 1.16 950 151076
600, 1 h 1.09 1.17 650 9056107
700, 1 h 1.09 1.24 3800 21077

800 30 min Insulator like
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TABLE II. Comparison of Schottky properties of GaN diodes.

Barrier Barrier
height, ¢y, height, ¢y, Stable
Ideality (1-V) (C-V) temperature

Metal factor, n (eV) (eV) (°C) Reference
Ni (100 nm 1.16 1.06 400, 5 min 7
Ni (100 nm 1.10 0.88 1.09 500, 1h 9
Pt 1.16 0.73 0.91 400, 1 h 8
Pd (200 nm 1.04 0.94 1.07 300/5 min 4
Re (70 nm 1.09 0.78 1.03 700/10 min 6
Ni/Ga/Ni 700/10 min 11
NiSi (Ni/Si/Ni) 1.14 0.86 1.47 600/1 h 9
PtSi (Pt/Si/Ni) 1.12 0.69 0.74 600/1 h 8
Ni/Ta (50/50 nm 1.09 1.17 700/1 h This work

#peration temperature of 150 °C.

and annealing time is believed to correlate closely to thdation on its surface to form metal gallides that will degrade
degree of partial oxidation of the Ta metal layer, as conthe Schottky performance. Thus, the formation of a highly
firmed by our Auger electron spectroscopy depth profilestable thin tantalum oxide layer between Ni and the GaN
analysis and x-ray photoelectron spectroscopy measuremergsbstrate may be the reason for the good thermal stability of
published in a previous pap¥rThe presence of oxygen in our Ni/Taih-GaN diodes.

all of our samples except the as-deposited one clearly indi- In summary, we have carried out an electrical study of a
cates that the oxygen originates primarily from the procesiNi/Ta/n-GaN Schottky diode under prolonged exposure at
environment during the thermal annealing step. For the exhigh temperatures. Our results indicate better Schottky per-
perimental setup used here, we have found that the Ta filformance can be obtained for antype GaN diode if an
starts to oxidize at 400°C and almost fully converts intointermediate Ta layer is added between Ni and the GaN sub-
tantalum oxide at 700 °C and above, particularly for long-strate. After high temperature annealing, the optimum ideal-
term exposure. Thus, the evolution of electrical properties foity factor and barrier height can reach values of 1.08 and
the Ni/Tah-GaN diode on the annealing temperature can bel..24 eV, respectively. More important, it is found that high
inferred as follows. When the sample is annealed at lowquality diode performance can still be obtained for these di-
temperatures where the amount of unintentionally oxygerodes under 700 °CL h thermal annealing, which is unusual
introduced into the contact region is still rather small, the Tafor an n-GaN Schottky diode. The above finding suggests a
near the GaN remains in its elemental form. The resultindNi/Ta Schottky contact is potentially useful for GaN high-
Ni/Ta/n-GaN film in this case behaves virtually the sametemperature, high-power device applications.
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