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Schottky Characteristics and Interfacial Defects in Tungsten Silicide/GaAs

and Palladium/GaAs Systems
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and
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Schottky characteristics and interfacial- defects were investigeted in WSi/GaAs and
Pd/GaAs systems. In as-deposited WSi/GaAs systems, no "EL2" signal was found but a
na\^, cnrrtl-ori.--induced defect ("ED5") was detected near the i_nterface. After anneaf -
itg, ttEL2tt appeared and I'EDsrr disappeared. The disappearance of t'ED5t' was correlated
with improvement of the ideality factor. In Pd/GaAs systems, change of "EL2r' density
and the broadening of lrEL2r' spect.rum is noticeable as compared with the Au/GaAs
system. We propose a hypot.hetical mode1, that reaction of Pd wi-th GaAs may extract
excess arsenic atoms near the interface and reduce the concenLration of ilEl2tl.

1. Introduction

Metal-sil-icides play an important role in the
present LSIs. Equival_ent materials to silicides
for GaAs are worthy of studying as future mate-
rials of GaAs LSIs. W-sillcide is used as a gate

metal f or GaAs MESFETs.l) The advantage is it.s
resistance for high temperature treatmenr.
Another material is a Pt/GaAs reaction layer whi_ch

is also used as a gate metal.?) The advantage
l-ies in the fact that the depth of reaction layer
can be controtled by the time of heat treatment,
which al-l-ows 'Lhe f ine control_ of the threshold
voltage in an MESFET. A system simifar ro
Pt/Gaas is pd/GaAs.3) rn this system, reaction
proceeds at very Iow temperatures, being contras-
ted t.o a W-silicide/Caas system.

ft is important and interesting to study i_nter-
facial- defects in W-silicide/GaAs and pd/GaAs sys-
tems and their effecLs on Schottky characteris-
tics. The object of this paper is to investigate
correlati-on between interfacial defects and

Schot.tky characteristlcs in these systems. Annea-

ling behavior of deep Ievels in GaAs is
studied, since a W-silicide can stand
temperature treatment.
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2. W-silicide/GaAs system

Sample and Measurement

Si and W were co-sput.tered onto GaAs wafers at
substrate temperature of I2O T., input power of gO

W in Ar atmosphere of 4x1O 2 Torr. The change of
Schottky characteristics was minimj_zed. at Si com_

posi-tion ranging f rom O.I2 to O.1g in the area
ratio of sputtering target surface. Both non_
doped n-type horizontal Bridgmann (HB) and liquid-
encapsulated Czochralski(LEC) GaAs crystal_s were
used. However, Schottky diodes formed on LEC GaAs

showed poor voltage-current characteristics, and

therefore only the resul_ts with HB GaAs are pre-
sented.

The barrier height$ and the ideality factor n

were determined from voltage-current characteris-
tic. Deep levels were measured by DLTS.

Schottkv Characteristics
Schottky characterist.ic is represented by 0 and

n. The changes of $ and n with annealing are
shown in Fig. 1. The annealing time was 15 min.
and the annealing atmosphere was Ar. The as-depo-
sited sample showed larger n and smaller $. They
were improved by annealing up to 6O0.C.
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FiS. 1. Variation of Schottky barrier hei-ght

(0) and ideafity factor(n) with annea-

Iing temperature determined by I-V

characteristics at room temperature-
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Typical DLTS spectra are shown in Fig. 2. Two

remarkabfe features were found. First, no "EL2"
signal was observed in the as-deposited sample and

appeared after annealing at 500 "C, The peak tem-
perature shifted to l_ower temperature with annea-

ling at higher temperatures up to 7OO.C (not shovrn

in the figure). Second, a new defect l_evel which

has activation energy of 0.52 eV and capture cross
secti-on of 3x1O-15cm2, appeared in the as-depo-
sited sample. This defect was l_ocal_ized very near

the interf ace and annea l_ ed out at 3OO .C. In

addition to those levels, five deep levels were

observed in thj-s particular HB GaAs. The level-

ET7 appeared after 5OO'C annealing. This is con-

trasted to another HB GaAs sampJ-e which contained

ET7 as a major electron trap as descri-bed in the

next section.

3. Pd/caAs system

Sampfe and measurement

Pd was evaporated onto HB GaAs wafers and

Schottky diodes were fabricated. The annealing
was done in Ar atmosphere at 250 and 300'C for 30

min. Pd reacts with GaAs to form compound

layets3). Schottky characteristics and deep fevels
were measured in the similar method as in Section

2. Au/GaAs Schottky diodes were al-so fabricated
as a control sampl-e,
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Schottkv characteristics
The barrier height, idealit.y factor and serj_es

resistance are shown i-n Fig. 3. After annealing
at 3OO t the characteristics were deteriorated.
This is rel-at.ed to change of midgap l-eveIs as

shown next.

T-)oan I crzo'l c

;;;1.r. *..=ured at different bias vot-tases

in three samples; Au,/GaAs, as-deposited and 3OO'C

annealed Pd/GaAs diodes, are shown in Fi-g. 4. Two

major traps were "EL2" and ET7. It is interesting
to note that the shape of the spectra for "EL2" is
broadened near the interface in al- I samples and

this broadening is largest in the 300'C anneal-ed

Pd/GaAs sample, which shows large ideality factor.

The density profil-es of "8L2" are shown in
Fig. 5. In an Au/GaAs diode the profile is
constant, while in Pd/GaAs diodes, the density
decreases toward the inside. Such change of t.he

density profile of "EL2" was reported for AI/GaAs
/l\

o ].ode s, too. - '
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4. Discussion

In W-silicide/GaAs systems' sputtering-induced

interfacial defect may be responsible partly for

degradation of the ideality factor. This defect

can be anneal-ed out rather quickly after annea-

ling. At higher temperature annealing another

level- appeared with l-ow density as seen in Fig. 2.

After 7OO'C annealing, Schottky characteristics

became poor and DLTS spectrum was al-so distorted

very much. This is ascribed to dissociation of

nD.

Disappearence of 'rEL2" in the as-deposited

samples and re-appearance after annealing at 500'C

and above are very interesting. This is a similar
phenomenon as in the oxygen implantation and

annealing experiment. 5) gased on our model for
rrEL2rr, this is interpreted as f ol- Iows. Arsenic

aggregatesl which exist in bulk GaAs and form "EL2

.^**', --,,6) ,l^^^^,,'l r{-n A,,rinn lil-ci'l.i nido rlo!qrlrrry , v=yopul-ate during W-silicide deposi-

tion. During annealingr excess arsenj-c atoms

redistribute and create 'rEL2". Since diffusion of
interstitial arsenic atoms can be very fast, the

"denudedtt zone can extend to rather deep in as-

deposited samples.

In Pd/GaAs systems, the change of rrEL2" density
is noticeable as compared with the Au/GaAs system.

This also explained by our hypothetical model- as

foI lows. ReacLion of Pd with GaAs may extract
excess arsenic atoms near the interface and reduce

the concentration of "EL2". It is likeJ-y that
excess arsenic atoms diffuse like Cr which often
pi-les up at the surface during annealing. This
may interpret the increasing density of "EL2" near

the surface.

The broadening of rrEl,2rr spectrum near the int.er-
face is also very interesting. The reaction of Pd

with GaAs forms an i-nterfacial layer which can

disturb the atomic structure of "EL2r'. This broa-
dened mid-gap levels are related with the degrada-

tion of the ideality factor, It is also interes-
ting to note that even in an Au/GaAs system, the

spectrum became broadened near the interface.
Such broadening was not observed for ET7 in a1 I
the cases.

5 Summary

W-silicide/GaAs and Pd/GaAs systems were inves-
tigated in terms of Schottky characteristics and
dcan I orzol clranao r^ri +h anna^'l i n^ enr,*#zuvulr rs v sr urlqrrys w{Lrl qrrrrgs r ul/q-uefJ-ng

induced l- eve l- was identif ied and f ound to have
correl-ation wit.h the ideality f actor. The re-
distribution of 'rEL2'r due Lo W-si L icide and pd

deposition and the annealing, was detected and

interpreted by our hypothetical_ model_ for the
origin of "EL2 fami-1y". The broadening of DLTS

spectrum of rrEl,2r' was found near the interface.
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