HEAT-RESISTANT Au-TiB,—n-GaN SCHOTTKY DIODES
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Abstract — We studied phase composition and parameters of
the ohmic Au-TiB,~Al-Ti-n-GaN and barrier Au-TiB,—n-GaN
contacts, both before and after rapid thermal annealing (RTA) at
T =870 °C for 30 s. The phase composition was studied with x-
ray diffraction technique, while the parameters of the ohmic con-
tacts were studied for the transmission line method (TLM) struc-
tures and those of the barrier contacts were studied by measuring
the forward branches of /-V curves with further calculation of the
Schottky barrier (SB) height ¢g and ideality factor n.

It was found that low-resistance (o~ (1+3)x10° Q.cm?) oh-
mic Au-TiB,~Al-Ti-n-GaN contacts can be formed using RTA. It
turned out also that, after RTA at T=870 °C for 30 s, the SB re-
tains its barrier properties practically unchanged, as compared
with the initial sample that has not been exposed to RTA.

l. Introduction

Gallium nitride is a wide-gap semiconductor that has
been used in optoelectronics for many years [1]. Owing
to the advances of new high technologies, a real possi-
bility for development of microwave diodes and transis-
tors on the basis of gallium nitride and its solid solutions
has appeared [2, 3]. The interest in such microwave de-
vices is aroused, first of all, by the fact that they make it
possible to expand the operating temperature range up
to 800 °C. In this case, along with high heat resistance of
the gallium nitride material, still more stringent require-
ments are imposed upon the barrier-forming and ohmic
contacts. In this connection the search for the adequate
materials for contact systems continues up to now [2-6].

Earlier we have studied the ohmic and barrier con-
tacts (made with amorphous interstitial phases TiBy,
ZrBy, NbNy, and TiNy) to the Si, GaAs, InP and SiC mi-
crowave diodes. There were practically no interactions
between phases in these contacts up to temperatures
more than twice the operating ones [7, 8]. In this work
the previous experience was applied to formation of oh-
mic and barrier contacts to the n-GaN epitaxial layers
grown on sapphire (a-Al;O3).

Il. Sample and Experimental Procedure

Using photolithography, the planar Schottky diodes
(SDs) were made on the n-GaN epitaxial film (thickness
of ~1 um, free charge carrier concentration of ~10" cm
3) grown on sapphire. A Schottky barrier (SB) was made
using magnetron sputtering of TiBx (up to a thickness of
0.05 um) followed by sputtering of a gold metallization
layer (contact layer) 0.2 um thick. The ohmic contacts
were prepared on the basis of Ti-Al-TiB,~Au metalliza-
tion. The subsequently sputtered Ti (0.05 um) and Al
(0.02 um) layers were exposed to rapid thermal anneal-
ing (RTA): they were fired at a temperature T =870 °C
for 30 s. After this the TiBx (0.1 um) and gold (0.2 um)
layers were sputtered. The diode structure geometry is
shown in Fig. 1.
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Fig. 1. Layered structure of the contacts (a) and layout of
the diode structure (b)

Ill. Result of Measurements

We took, both before and after RTA, the forward and
reverse branches of [~V curves from which the SB
height ¢g and ideality factor n were determined. The
phase composition of the contacts was studied with x-
ray diffraction (XRD) technique for the Al,O3—n-GaN-Ti—
Al-TiB,~Au and Al,O3—n-GaN-TiB,—Au test structures
(before and after RTA). The XRD patterns for the Al,O3—
n-GaN-TiB,—Au structures were studied ex-situ using an
x-ray diffractometer Philips X'Pert-MPD (Cukq-radiation,
wavelength A = 0.15418 nm) in the Bragg—Brentano ge-
ometry. The Al,O3—n-GaN-Ti—-Al-TiBy—Au structures
were studied using a diffractometer «JpoH-3M».

The XRD patterns of the ohmic contacts formed using
RTA (Fig. 2) have several peaks: (002) and (004) from the
GaN epitaxial layer; (111), (200) and (220) from Au; (220)
and (440) from AuGay, (220) and (400) from TiN, (0006)
and (0012) from Al,O3 and a «smeared» peak that seems
to stem from the x-ray amorphous phases Al;Ti and TiBx.
According to these results and the literature data, the oh-
mic contact is formed with a layer that appeared due to
RTA near the Ti-GaN and Ti-Al interfaces in conformity
with the following reactions:

Ti + GaN — TiN, + GaN1.x and Ti + 3Al — Al3Ti.

The results of XRD studies presented in Fig. 2 corre-

late with the concentration depth profiles of the compo-

2006 16th Int. Crimean Conference “Microwave & Telecommunication Technology” (CriMiCo’2006). 11-15 September, Sevastopol, Crimea, Ukraine
644 © 2006: CriMiCo’2006 Organizing Committee; Weber Co. ISBN: 966-322-006-6. IEEE Catalog Number: 06 EX1376



nents of n-GaN-Ti—Al-TiB,—Au ohmic contacts that were
obtained in [7] using Auger electron spectroscopy. The
contact resistance for the TLM structures measured after
RTA was (1+3)><1O"6 Q-cmz, i. e., more than two orders of
magnitude below that in the initial samples.
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Fig. 2. XRD patterns of the GaN-Ti—AI-TiBx—Au contact

The XRD patterns for the Al,O3—n-GaN-TiBy—Au bar-
rier contacts (taken both before and after RTA) (Fig. 3)
have three peaks: (i) (0002) from the GaN epitaxial
layer, (ii) (0006) from the a-Al,O3 substrate, and (iii) from
the Au (111) film. One can see from Fig. 3 that RTA at
T =870 °C resulted in structural changes in the Au film
only: an increase of the Au (111) peak height indicates
presence of the [111] texture that is related to heat-
induced increase of the gold grain size. The TiBy film is
in the x-ray amorphous state, both before and after RTA.
Formation of other phases due to the metallurgical proc-
esses in the metallization layers was not detected. This
fact indicates thermal stability of these layers.
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Fig. 3. XRD patterns of the Al;03-n-GaN-TiBy—Au contact
before (1) and after RTA at T = 870 <C for 30 s (2)

The above results were confirmed with measure-
ments of SD /-V curves which practically did not change
after RTA. The forward branch of the /-V curves of the
Au-TiBy—n-GaN SDs taken both before and after RTA
can be described with a single exponential portion, with
SB height values of (0.8+1.2) V for different samples,
and ideality factor values n ~ 1.34+1.68, respectively.

IV. Conclusion

Thus our results show that RTA at T= 2870 °C leads
to formation of heat-resistant ohmic contacts made on
the basis of the Ti—-Al-TiB,—Au metallization and does
not change the parameters of the n-GaN-TiB,—Au bar-
rier contacts.
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AHHomauusi — [1o n nocne GbicTpoit Tepmmnyeckoin obpaboT-
kn (BTO) npu T =870 °C B TeuyeHne 30 c nccrnegosanucb da-
30BbIN COCTaB M napameTpbl omuyeckux n-Au—TiB,—Al-Ti-n-
GaN un 6apbepHbix Au-TiBy,—n-GaN koHTakToB. ®a3oBbli CO-
CTaB uccrnefgosancs MeToAoM PeHTreHOBCKOW Audpakuuy, na-
pameTpbl OMUYECKOro KOHTakTa — Ha TLM cTpykTypax, 6apbep-
HOro — NyTEM U3MEepPEeHUs NPsSIMbIX BETBEN BOSbTAMMEPHbIX Xa-
paktepucTuk (BAX) n pacyeta ns Hux BbicoTbl 6apbepa LoTTku
@s 1 haKkTOpa naeansLHoCTyH N.

YcTtaHoBneHo, 4yto B pesynbtate BTO moxHO dopmupo-
BaTb HW3KOOMHble omunyeckme koHTakTbl Au—TiB,~Al-Ti-n-GaN
C Po~ (1+3)x10° Om-cM?. Okasanock Takke, 4to mocne BTO
npu T=870°C B TeueHne 30 c Gapbep LUoTTkM coxpaHsieT
H6apbepHble CBOWCTBA MPaKTU4ECKN HEU3MEHHBbIMU, NO CpaBHe-
HUIO C MCXoAHbIM (He npowepwnm BTO) obpasuom.
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