
.

PtIn2 ohmic contacts to n-GaAs via an In-Ga exchange mechanism
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Using sputter-deposited PtIn2 films as metallizations, it is demonstrated that the recently identified
exchange mechanism may be utilized to form ohmic contacts ton-GaAs. Specific contact resistances
as low as 3.031026 V cm2 are obtained upon annealing in the temperature range of 800–850 °C.
Contacts processed under optimum conditions show little degradation in electrical properties after
100 h of thermal aging at 400 or 500 °C. Auger depth profiles of as-deposited and annealed samples
are consistent with the hypothesis of an exchange of In and Ga atoms at the contact interface
© 1996 American Institute of Physics.@S0003-6951~96!04401-5#
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Over the past decade, the application of metallurgi
principles and characterization techniques to the study
metal-GaAs interfaces has led to significant advances
GaAs contact technology~see, for example, Refs. 1–3!.
Early investigations focused on rationalizing the evolution
metal-GaAs chemical reactions and identifying and fabric
ing thermodynamically stable, epitaxial contact materia
More recently, the knowledge base acquired during this e
work has allowed for the development of proactive meta
zation schemes, in which multielemental metallizations
actually designed to react with GaAs in a predictable, rep
ducible manner, forming contacts with the desired electr
properties.

Two reaction mechanisms have been identified wh
may be utilized to tailor the electrical properties of conta
to GaAs. The first, which has been termed the solid ph
regrowth mechanism, has been developed by Sandset al.4 In
the solid phase regrowth mechanism, a two-step chem
reaction occurs in which a shallow layer of GaAs is fi
consumed by reaction with a transition metal. The consum
layer is then regrown epitaxially on the remaining GaAs s
strate when the transition metal participates in a sec
chemical reaction with an additional element, such as Si,
In, or Al.

During the regrowth process, some of the additional
ement is incorporated into the regrown GaAs layer. The s
sequent electrical properties of the contact depend upon
nature of the incorporated element. For example, the in
poration of Si, Ge, or In into the regrown GaAs layer leads
ohmic behavior, whereas the incorporation of Al into t
regrown GaAs layer leads to Schottky barrier enhancem
The incorporation of each of these elements into GaAs
the solid phase regrowth mechanism, and the resul
change in electrical behavior of the contact, have been d
onstrated experimentally.4–7

The second reaction mechanism for controlling the el
trical properties of contacts to GaAs is the exchange mec
nism. As its name implies, the exchange mechanism
simple solid-state exchange of one element from a sin
96 Appl. Phys. Lett. 68 (1), 1 January 1996 0003-695
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phase metallization layer with a second element from th
compound semiconductor. In the strict thermodynamic sens
no new phases are formed at the metal-compound semic
ductor interface; only the compositions of the original phase
are changed.

While conceptually the exchange mechanism is rath
straightforward, a metallization must meet rather stringe
criteria to be capable of participating in an exchange reactio
with GaAs. Jan8 has identified these criteria, and has deve
oped a thermodynamic/kinetic framework to rationalize th
exchange mechanism. A summary of his analysis has r
cently been presented by Chang.9 The reader is referred to
this latter reference for a quantitative description of th
mechanism.

The exchange mechanism was first hypothesized
Sandset al.,10 who noted Schottky barrier enhancement o
Ni/Al/Ni/ n-GaAs contacts after high temperature heat trea
ment. They attributed this change in electrical properties
the formation of AlxGa12xAs at the contact interface through
the exchange of Al and Ga atoms between the NiAl metall
zation and the GaAs substrate. Chenet al.11 have recently
corroborated the exchange mechanism by directly sputte
depositing the intermetallic compound NiAl onn-GaAs.
Like Sandset al., they found Schottky barrier enhancemen
to occur upon heat treatment of the contact. Moreover, th
confirmed the formation of AlxGa12xAs at the contact inter-
face using cross-sectional transmission electron microsco

While it has been established experimentally that the e
change mechanism may be employed to obtain Schottky b
rier enhancement of contacts ton-GaAs, it should also be
possible to form ohmic contacts ton-GaAs through the ap-
plication of this mechanism. If one were to employ an ap
propriate metal indide as a contact metallization, one wou
anticipate the formation of InxGa12xAs at the contact inter-
face, which in turn would lead to ohmic electrical behavior
However, such a possibility has not yet been demonstrate

A recent study of the Ga-In-Pt-As system12 has identified
the fluorite-structured intermetallic compound PtIn2 as an in-
dide which meets all of the criteria outlined by Jan for par
1/96/68(1)/96/3/$6.00 © 1996 American Institute of Physics

t¬to¬AIP¬license¬or¬copyright,¬see¬http://apl.aip.org/apl/copyright.jsp



i

o

b

-
h

d
,

e

-
r

a

n-
of

r-
ea-

al
s-
ac-
m-
m

l-
pth
a

-
re
so
e
°C.

C.
C

e
u

.

.
error
ured
aled
.

ticipating in an exchange reaction with GaAs. In the prese
investigation, PtIn2 /n-GaAs ohmic contacts have been fab
ricated, and it is demonstrated that the exchange mechan
may be used to obtain ohmic contacts ton-GaAs. The re-
mainder of this work focuses on the electrical properties
PtIn2 /n-GaAs contacts as a function of annealing condition
A detailed analysis of contact metallurgy and phase equili
ria in the Ga-In-Pt-As system will be published at a late
date.

To fabricate contacts, Si-doped (n51.6–1.8
31019 cm23), ~100!-oriented GaAs wafers were ultrasoni
cally degreased in hot trichloroethylene, acetone, and met
nol for 5 min each. They were then rinsed in flowing deion
ized ~DI! H2O for 2 min, and etched in a 1:10 HF:DI H2O
solution for 2 min, followed by another rinsing in flowing DI
H2O for 3 min. Subsequently, an array of 65mm diameter
dots spaced 1500mm apart was defined using a standar
lift-off photolithographic technique. After photolithography
the substrates were again etched in a 1:10 HF:DI H2O solu-
tion for 2 min, and rinsed in flowing DI H2O for 3 min. They
were blown dry with high-purity N2, and were immediately
loaded into a cryopumped vacuum chamber with a base pr
sure of better than 331027 Torr.

Thin film deposition was accomplished by dc magnetro
sputtering from a single 2 in. target, which was fabricated b
vacuum hot-pressing a powdered master alloy. Metal film
were deposited at a rate of 15 nm/min, under an Ar1 pressure
of 4 mTorr. A thick film ~1.2 mm! was sputtered on a glass
slide and analyzed with a Cameca electron microprobe
verify the composition of the sputtered alloy. X-ray diffrac
tion analysis of the thick film, using a Nicolet diffractomete
with Cu Ka radiation, confirmed that the film was single
phase PtIn2. All films deposited on GaAs were 200 nm in
thickness.

After sputter deposition, the photoresist was remove
from the substrates by soaking them in ultrasonically ag
tated acetone. Contacts were then processed using an
Associates Heatpulse Minipulse rapid thermal annealing fu
nace under an atmosphere of purified Ar. During heat tre
ment, the substrates were placed within a graphite suscep

FIG. 1. Specific contact resistances of PtIn2 /n-GaAs contacts as a function
of annealing temperature. The symbols denote average values, and the
bars indicate the highest and lowest specific contact resistances meas
for each annealing condition. Squares represent data for contacts anne
for 15 s, whereas circles represent data for contacts annealed for 1 min
Appl. Phys. Lett., Vol. 68, No. 1, 1 January 1996
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face-to-face with a sacrificial GaAs wafer. Contacts were a
nealed at temperatures between 600 and 850 °C for times
either 15 s or 1 min.

Specific contact resistances (rc’s) were measured using
a modified four-point probe method as outlined by Kuphal.13

A Keithley Model 236 electrometer was employed as a cu
rent source and voltage meter. At least five independent m
surements ofrc were taken for each annealing condition.

Subsequent to the initial heat treatment and electric
characterization, the thermal stability of the contacts was a
sessed using long term annealing experiments. This was
complished by encapsulating the substrates in quartz a
poules, which were evacuated in a turbopumped vacuu
system to pressures in the high 1027 Torr range, and furnace
annealing at 400 or 500 °C for 100 h.

Finally, the chemical reactions at the meta
semiconductor interface were characterized by Auger de
profiling of as-deposited and annealed contacts, using
Perkin-Elmer scanning electron microprobe.

Therc’s of the contacts as a function of annealing tem
perature are given in Fig. 1. As-deposited contacts we
found to be rectifying. Contacts annealed for 15 s were al
found to be rectifying if annealed below 750 °C, as wer
contacts annealed for 1 min at temperatures below 600
The lowestrc’s (3.031026 V cm22) were obtained upon
annealing for 1 min in the temperature range of 800–850 °

The effects of thermal aging for 100 h at 400 and 500 °

rror
red
aled

FIG. 2. Specific contact resistances of PtIn2 /n-GaAs contacts aged for 100
h at ~a! 400 °C or~b! 500 °C as a function of initial annealing temperature
As was the case in Fig. 1, the symbols denote average values, and the
bars indicate the highest and lowest specific contact resistances meas
for each annealing condition. Squares represent data for contacts anne
for 15 s, whereas circles represent data for contacts annealed for 1 min
97Chen, Chang, and Swenson
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on the electrical properties of the contacts are summarize
Figs. 2~a! and 2~b!, respectively, as a function of initial an
nealing temperature. All of the contacts exhibited a cert
amount of electrical degradation upon thermal aging at ei
temperature. The most extreme cases of degradation
volved contacts initially annealed at 600 °C for 1 min, whi
became rectifying after thermal aging at both 400 a
500 °C, and contacts initially annealed at 750 °C for 15
which became rectifying upon thermal aging at 500 °
However, contacts initially annealed under optimum con
tions exhibited good thermal stability. Therc’s of contacts
initially annealed for 1 min at 800–850 °C increased to 4
31026 V cm2 and approximately 6.031026 V cm2 after
100 h of heat treatment at 400 and 500 °C, respectively. T
level of thermal stability is similar to that exhibited by oth
In-based contacts ton-GaAs6,14and is more than sufficient to
withstand thermal device processing steps required su
quent to contact formation.

In Figs. 3~a! and 3~b!, Auger depth profiles are presente
of an as-deposited contact and a contact annealed at 70
for 1 min, respectively. It may be seen that in the a
deposited contact, there are abrupt changes in compositio
all elements at the PtIn2 /GaAs interface. However, in th
annealed contact, a long tail of In extends into the Ga
substrate, suggesting the formation of InxGa12xAs. More-

FIG. 3. Auger depth profiles of~a! as-deposited PtIn2 /n-GaAs contacts, and
~b! PtIn2 /n-GaAs contacts annealed at 700 °C for 1 min.
98 Appl. Phys. Lett., Vol. 68, No. 1, 1 January 1996
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over, some Ga appears to have completely penetrated th
PtIn2 layer and has accumulated at the contact surface, form
ing Ga2O3, although it should be noted that a portion of this
surface Ga may be attributable to the sacrificial GaAs wafer
employed during thermal processing. Concomitantly, the
concentration profiles of Pt and As in the annealed contac
remain unchanged from those of the as-deposited contac
they are abrupt at the PtIn2 /GaAs interface, and flat away
from the interface. Overall, these Auger data strongly sug-
gest that no new phases have formed in the contact upo
annealing, but rather an exchange of In and Ga atoms ha
occurred between the PtIn2 and the GaAs. This is exactly
what one would expect to observe when the exchange
mechanism is operative.

In summary, by employing the intermetallic compound
PtIn2 as a metallization, it has been demonstrated that the
exchange mechanism may be utilized to form ohmic contacts
to n-GaAs. Specific contact resistances as low as 3.0
31026 V cm2 have been achieved upon annealing in the
temperature range of 800–850 °C for 1 min. Moreover, these
contacts exhibit little degradation in electrical properties
upon thermal aging under conditions as severe as 500 °C fo
100 h. The predicted exchange of In and Ga atoms at the
contact interface is consistent with experimental Auger depth
profiles of annealed samples.

The present investigation, in conjunction with those of
previous workers, demonstrates the great utility of the ex-
change mechanism in terms of GaAs contact technology. By
selecting the appropriate metallization, this single mecha-
nism may be used to produce both enhanced Schottky barr
ers and ohmic contacts ton-GaAs.
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ence Foundation for its support of this project through grant
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