
I. INTRODUCTION

A high density of surface states on the
GaAs surface tends to fix the surface Ferni
level. To reduce this surface states, sulfur
passivation using inorganic compounds such as
Na2S, (NH4)2Sx, ., 11d p2S5/(NHa)2S have
been investigatedr)-o). Such aqueous sulfur
treatments, however, have serious problens
such as poor reproducibility and contanination
of heavy netals. If surface passivation
process is carried out in vacuum, these
problems will be overcome. Therefore, dry
passivation is nuch of interest.

We use ArF excimer laser to clean and
passivate GaAs surface in HZS gas anbient.
The new dry passivation technique was conpared
with the wet P2sg/(NHa)2S-treatment and its
chenical passivation mechanism was discussed.

II. EXPERIUENTAI

The samples were Si-doped n-GaAs(001).
After etching sanples in H2S04 zH2O2:H20=3: 1 : 1

solution, they were placed into the chanber.
An ArF excimer laser ().=193 nn) with a full
width at half-maximum (FWHM) of 17 ns was used
for surface passivation. Passivation process
using ArF excimer laser consists of the
following two steps: (i) Surface cleaning
process was carried out by the ArF excimer
laser irradiation on the GaAs substrate
perpendicularly in vacuum under conditions of
energy density of 53 mJ/cm2, repetition

PD-3-3

frequency of 100 Hz, and irradiation tine of
15 to 300 sec. (ii) Sulfur-treatment was

camied out by laser irradiation in HZS gas

anbient with partial pressure of 5 Torr
innediately after the first step. I0.4% HZS

diluted with H2 was used. The number of
irradiated faser pulses was set at 1 with
energy density of 53 nl/cn?.

Surface analyses by Auger electron
spectroscopy (AES) and X-ray photoelectron
spectroscopy (XPS) were perforned before and
after the P2S5/(NHa)25 or H2S treatnent.

III. BESTTLTS AIID DISCUSSION

Figure 1 shows the dependence of the
relative Auger peak-to-peak height (APPH) of
Ga/Ga, As/Ga, O/Ga, and C/Ga upon surface
cleaning tine. When the number of irradiated
laser pulses is 1, C/Ga considerably
decreases, but O/Ga decrases insufficiently.
By the irradiation of 15s at 100 Hz, O/Ga
decreases sufficiently and saturates after
15s. 0n the other hand, while As/Ga increases
after 1 pulse and 15s imadiations, it also
decreases to the level sinilar to that of
P2Sg/(NHa)2S-treatment and saturates after 30s
irradiation. Therefore after surface cleaning
for 30s at 100 Hz, surface becomes clean and
stoichionetric. PeSS/(NHa)2S-treatnent data
are also shown in Fig.1 and surface cleaning
data are comparable to then. Fron these
results, surface cleaning with ArF excimer
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A new dry surface passivation using ArF excimer laser with H2S gas was
exanined on GaAs(001). Native oxides at the surface were etched away by
first laser irradiation in vacuum. By subsequent laser irradiation in HZS
gas anbient, GaAs surface was covered with sulfur atoms. This dry
passivation technique is superior to the wet passivation process using
P2s5/(NHa)2S-treatment in terms of the reduction of oxygen and the sulfur
coverage ratio.

739



n-6oAs(001)
53mJ/cm2
100 Hz

-o- 6a/6o
-o-As/6o

Ss

g

1 -.,- o/6o

\ 
* t/6o

\ --a-=at-f--t-i
lnutse \-_O O O

n-6oAs(001)

Surfoce cleoning orr
HzS - treoted

Fig.1. A dependence

of the relative
Auger peak-to-Peak
height of Ga/Ga,
As/Ga, O/Ga, and

C/Ga upon surface
cleaning tine. 10 I 102

Cteaning Time (s )

Fig.2. AES spectra
from GaAs surface
prepared by (a) as-
etched, (b) surface
cleaning, (c)surface
cleaning and HZS-
treatment, and
(d) P2ss/ (NHa)2s-
treatnent. 500 1000 1500

Kinetic Energy (eV)

Iaser irradiation is found to be effective to
the same as P2S5/ (NHa)2S-treatment in terns of
carbon and oxygen reductions.

Figure 2 shows the AES spectra fron GaAs

surfaces. As shown in Fig.2(a), as-etched
sample is covered with carbon and oxygen.
These carbon and oxygen, however, are removed
sufficiently by surface cleaning shown in
FiS.2(b). Furthermore, after the H2S-treatment,
shown in Fig.2(c), the surface is covered with
sulfur keeping C and 0 signals low. The S

coverage and 0 reduction by the surface
cleaning and H2S-treatnent are superior
to those by P2S5/ (NHa)2S-treatnent( fie.2(d)).

Figure 3 shows the AES depth profiles of
Ga, As, 0, and S in surface cleaning and H2S-

treated sanple. The results confirn that there
is less oxygen on the surface of GaAs

substrate by both surface cleaning and HZS-

treatment. We should expect that the sulfur
layers protects GaAs surface from absorption
of oxygen.

Figure 4 shows angle-resolved XPS spectra
(0 =20o ) of the As 3d core level on the GaAs

surface. As 3d reference energy of 41.0 eV for
GaAs, 41.5 eV for elenental arsenic, and 43.5
eV for As2S3 are indicated by vertical lines.
As-etched spectrun exhibits two peaks at
binding energies of 41.0 eV and 44.1 eV. The

former peak results fron the GaAs, and the
latter peak is assigned to a signal from
oxidized arsenic. A signal fron As203 is known

to be observed at a binding energy of 44.9 €V,

which is somewhat higher than the peak energy
position 44.1 eV observed here. This result
suggests the existence of suboxides, for
exanple, AsO (43.0 eV) and As20 (43.9 eV). In
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Fig.4. Angle-
resolved )(PS

spectra of the
As 3d core levels
fron GaAs surface
prepared by (a)
as-etched, (b)
P2S5/ (NHa) 2s-
treatment, and (c)
H2S-treatnent.

Fig.5. Angle- ?.
resolved XPS f
spectra of the Ga H
3d core levels A

fron GaAs surface Z
prepared by (a)
as-etched, (b)
P2s5/ (NHa) 2s-
treatment, and (c)
H2S-treatment.
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both (b) P2S5/(NHa)ZS- and (c) HZS- treatnent
sanples, however, the latter peaks (44.L eV)

vanish and the snall shoulder peaks appear
nearly at the As2S3 reference energy (43.5eV).
In addition,the shoulder of H2S-treatment
is higherr so the sulfur atoms bonded to
As exist more than P2S5/(NHa)2S-treatment.

Figure 5 shows the XPS spectra for the Ga

3d core level. Ga 3d reference energy of 19.0
eV for GaAs and 2t.0 for Ga203 are shown by
vertical lines. For the as-etched surfaOe, Ga

3d peaks has a snall shoulder, which is
observed nearly at the Ga203 reference energy.
By the (b) P2S5/(NHa)2S-treatment, this snall
shoulder alnost vanishes. Also by the (c) HgS-

treatment, its shoulder vanishes and moreover
Ga 3d peak becomes namow and shifts to the
energy position of the GaAs standard.

Results of Figs.4 and 5 indicate that
the sulfur atoms on the H2S-treated sanple
have S-As bond superior to P2Sg/ (NHa)25-

treatnent shown in Fig.a(c). Therefore, ArF

exciner laser irradiation in HZS gas anbient
after surface cleaning is effective for
prevention of oxygen chenisorption on the GaAs

surface, though we cannot identify Ga-S bond.
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air exposure. The S
exponential curves
are fitted by

by air exposure with alnost the same

attenuation constant in H2S-treated and

P235/(NHa)2S-treated samples. The saturation
level of the relative APPH of sulfur(Ssat) in
H2S-treated sample is, however, higher than
P2Sg/(NHa)2S-treated sanple. We suBpose that
it results fron the superiority of HgS-

treatnent in S-As bonding.

IV.-SUU}IARY
In sunnary, the native oxides of GaAs

surface were etched awey by surface cleaning
procedure using ArF excimer laser irradiation
in vacuum. Sulfur atoms deposited by the
photolysis with ArF excimer laser on the
surface had As-S bond. In addition, the
superiority of dry passivation technique is
shown compared with wet processes in terns of
the reduction of oxygen, the sulfur coverage
ratio, and the decrease of sulfur atoms by air
exposure.
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nethod of least
squares.
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Figure 6 shows the dependence of the

relative APPH of S/Ga upon air exposure tine'
The exponential curves are fitted by nethod of
least squares using the following equation.

S=S""1+ (So-Ssat ) exP( -at )

(where t: air exposure tine(days), Ssat:
saturation level of the relative APPH of S,

S0: S(t=0), a: attenuation constant)
Results of the fitting parameters are
Sr"1=2.44, a=0.233(for H2S-treatnent), and

S""1=1.92, a=0.241(for P2S5/(NHa)2S-treatnent)
The relative APPH of sulfur decreased rapidly
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