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Chemistry and kinetics of the GaAs oxidation by plasma anodization:
An in situ real-time ellipsometric study

M. Losurdo, P. Capezzuto, and G. Bruno
Centro di Studio per la Chimica dei Plasmi, CNR, Dipartimento di Chimica, Universita` di Bari, via Orabona 4, 70126 Bari, Italy

~Received 31 March 1997!

In situ real-time ellipsometry is used to study the GaAs oxidation process by radio-frequency plasma
anodization. The effect of the GaAs surface temperature, the bias potential applied to GaAs substrate, the
crystallographic orientation, and UV-light irradiation on the chemistry and kinetics of GaAs oxidation are
investigated. Oxide layers from tenths to hundreds of angstroms in thickness are grown at temperatures as low
as 130 °C and bias voltages ranging between 5 and 50 V. The rate of oxidation is further increased by
irradiation of the GaAs surface with UV light during plasma anodization. The role of the diffusion of oxidizing
species and of the drift of gallium and arsenic ions on the oxidation kinetics is discussed and the UV photo-
enhancement effect is clarified. These plasma-grown GaAs oxide layers have a unique composition in that they
are almost stoichiometric and contain As2O5 as the main arsenic oxide.@S0163-1829~97!05139-4#
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I. INTRODUCTION

Since the 1960s a strong effort has been devoted to
velop a metal-oxide-semiconductor~MOS! technology based
on III-V material similar to that of the Si/SiO2 system. How-
ever, the chemistry between GaAs and its native oxide d
not lead to a chemically stable and defect-free interface c
patible with MOS device operation. The widely investigat
thermal1,2 and anodic3,4 oxidation of GaAs gives nonsto
ichiometric and nonhomogeneous Ga2O3/As2O3 mixtures
with free As collected at the oxide/GaAs interface. Th
research of dry methods for low-temperature GaAs oxida
improving the quality of the GaAs oxide interface is st
active. In this context, the optical excitation with visible
ultraviolet ~UV! light of GaAs surfaces and the plasma a
odization, by ECR~electron cyclotron resonance! or radio-
frequency glow discharge, even though not really new,
still under investigation to develop a key technique to gr
GaAs oxide layers with good electrical properties. The eff
of UV-light irradiation has been investigated5–7 on GaAs
surfaces exposed to oxygen gas at room temperature to
very thin oxide layers (,30 Å). Although a photoenhance
ment of the GaAs oxidation rate has been reported, the ac
mechanism for the rate enhancement in photon-assisted
dation is as yet not defined. Also, many papers have b
published over the years on the interaction of oxygen p
mas with GaAs surfaces, and most of the fundamentals o
plasma oxidation kinetics and chemistries have been alre
described in the 1980s by Sugano and co-workers,8,9 and
Chang and co-workers.10–12 Furthermore, Theetenet al.13

demonstrated the capability of ellipsometry to investigatein
situ and in real time the plasma oxidation process and
properties of plasma-grown oxides. They concluded t
‘‘the study on the oxidation of GaAs is by no means conc
sive, there are still many facets that remain to be und
stood.’’ Although much work has been produced in the p
20 years, the debate on the validity of GaAs plasma oxi
tion is still lively and open. There are still problems to b
solved in making the GaAs plasma oxidation practically u
560163-1829/97/56~16!/10621~7!/$10.00
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ful. In particular, questions regarding the initial oxidatio
region which determines the GaAs oxide interface qual
the species moving during oxidation, and the effect of U
light irradiation on the plasma oxidation kinetics and che
istry are still without firm answers.

In this paper, we report on the combined effect of U
light irradiation and of an external electric field on the
plasma oxidation of GaAs. Particular emphasis is addres
to the investigation of the initial oxidation regime, i.e., th
growth of the first 100 Å of oxide.In situ single wavelength
ellipsometry ~SWE! is used to investigate in real time th
oxidation kinetics and spectroscopic ellipsometry~SE! al-
lows us to evaluate the composition and morphology of
grown oxide. Ex situ x-ray photoelectron spectroscop
~XPS! is used to determine the chemical composition of
grown oxide layers.

II. EXPERIMENT

The remote plasma deposition apparatus used for
present study and described in Ref. 14, consists of a rf~13.56
MHz! plasma tube with external electrodes coupled to
stainless-steel metal-organic chemical-vapor deposition r
tor equipped with a phase modulated ellipsometer~UVISEL-
ISA-Jobin Yvon! for in situ measurements.

Single-crystal semi-insulating GaAs wafers with~100!,
~110!, and (111)A crystallographic orientations were used
substrates. Before running oxidation, the substrates w
cleanedin situ by exposing the surface, atT5230 °C, to a
flux of hydrogen atoms of 531020 atoms/cm2 sec produced
by a remote hydrogen glow discharge according to the p
cedure reported in detail in Ref. 15. The GaAs surface w
characterized byin situ spectroscopic ellipsometry, and a
initial ellipsometric spectrum~spectrum b!, acquired just
prior to running oxygen plasma processing, is shown in F
1 which shows a clean GaAs surface with a 25 Å-thick to
most layer ofc-GaAs including 9% of voids. The void frac
tion simulates the void space present in the GaAs lattice,
to the selective removal of oxygen atoms, as well as
surface roughness arising from the plasma exposure an
10 621 © 1997 The American Physical Society
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10 622 56M. LOSURDO, P. CAPEZZUTO, AND G. BRUNO
validity has been discussed and demonstrated in Ref.
Thus, the red shift and lowering of the spectra~a! and ~b!
with respect to that of thec-GaAs reference are related to th
presence of either a rough surface layer or an oxide la
Moreover, the main advantage of the H-atom cleaning
linked to the removal of interfacial arsenic as AsH3 from the
GaAs/native oxide interface and simultaneous passivatio
As-related defects.16

GaAs plasma oxidation was operated at a rf power
100–300 W at a total pressure of 1022– 1021 mbar by feed-
ing the plasma with a O2:Ar510 SCCM:2 SCCM mixture
and at a substrate temperature ranging between 25–25
~SCCM denotes cubic centimeter per minute at STP.! A dc
bias potential from 0 to 70 V was applied to the GaAs s
face during the plasma oxidation. The distance between
active plasma region and the GaAs substrate was 10 cm

To investigate the effect of UV-light irradiation on th
GaAs plasma oxidation kinetics, a high-pressure mercury
lamp emitting mainly at 253.7 nm was used to irradiate
GaAs surfaces.

The chemical composition of the grown oxide film w
characterized byex situangle-resolved X-ray photon emis
sion spectroscopy~XPS! analysis. XPS measurements we
performed with a Perkin-Elmer 5300 spectrometer using
unmonochromatized MgKa ~1253.6 eV! source. The O 1s,
C 1s, Ga 3d, and As 3d photoelectron peaks were main
investigated at take-off anglesU515°, 45°, 85°, corre-
sponding to sampling depth of about 20, 60, and 80 Å,
spectively. Au 4f 7/2 @binding energy BE583.9 eV# and
Cu 2p3/2 ~BE5932.7 eV! core levels of gold and coppe
standards were used to calibrate the binding energy sc
Shifts in energy of the XPS spectra due to electrical charg
of the sample surface were corrected by fixing the Cs,
photoelectron peak from adventitious carbon on the surf
at Be5284.6 eV. The average atomic composition of t
oxide layers was evaluated from the O 1s, C 1s, Ga 3d, and
As 3d peak areas by using a standard formalism for se
quantitative analysis and the sensitivity factors supplied
Perkin Elmer. Mixed Gaussian-Lorentzian curves were fit
to the spectra in order to obtain information on the galliu

FIG. 1. Imaginary part of the pseudodielectric function^« i& of
GaAs substrates~a! with native oxide and~b! after cleaning by
hydrogen plasma; the referencec-GaAs database is also reporte
The inset shows the best-fit BEMA models of the corresponding
spectra.
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and arsenic bonding configurations in the oxide layer.
Real-time single wavelength ellipsometry at the phot

energy of 3.45 eV, which is insensitive to GaAs surface te
perature variation, was used to monitor the oxidation kin
ics. Ellipsometric spectra were acquiredin situ in the energy
range 1.5–5.5 eV and modeled using the Bruggeman ef
tive medium approximation~BEMA!.17 Four different
BEMA models of increasing complexity and compatib
with the oxide chemistry deduced by XPS analysis have b
considered as shown schematically in Fig. 2. The refere
data base provided by Theetenet al. have been used for th
dielectric functions ofc-GaAs, GaAs oxide,a-As, and voids.
Once calculated, the BEMA results were compared with
experimental data using the unbiased estimator15 x2 to evalu-
ate the goodness of the fit from which film thickness a
constituent volume fractions have been derived. The low
the x2 value, the better the fit.

III. RESULTS AND DISCUSSION

A. Oxidation kinetics

Figure 3 illustrates the typical~C,D! ellipsometric trajec-
tory recorded during the plasma oxidation of~100! GaAs at a

E

FIG. 2. Optical models considered for the fit of the experimen
SWE and SE oxidation data.

FIG. 3. ~C,D! trajectory at a photon energy of 3.45 eV record
during the oxidation of ~100! GaAs at T5130 °C, rf
power5100 W, P50.1 mbar, and bias voltage5150 V. The total
oxidation time is 230 min.
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56 10 623CHEMISTRY AND KINETICS OF THE GaAs . . .
surface temperature of 130 °C, a rf power of 100 W, a pr
sure of 0.1 mbar, and a bias voltage of150 V. Starting from
the upper-left point corresponding to a clean GaAs surfa
the oxidation process induces a monotonic decrease inD and
increase inC. The plasma exposure was stopped at vari
times to perform SE measurements and the spectra of
imaginary parts of the pseudodielectric function,^«&5^« r&
1 i ^« i& corresponding to different oxide thicknesses a
shown in Fig. 4. The two-layer optical modelD provides the
best fit for the spectra in Fig. 4. Thus, the experimental~C,
D! trajectory has been simulated by modelD and trans-
formed in the corresponding time dependence of the ox
thickness as shown in Fig. 5. In the same figure, the effec
the UV-light irradiation on the GaAs plasma oxidation kine
ics is evidenced. At first sight, three different oxidation r
gimes can be distinguished in the kinetics without light ir

FIG. 4. Room-temperature spectra of the imaginary part of
pseudodielectric function̂« i& of GaAs, recorded at different oxy
gen plasma exposure time during the oxidation experiment of
3.

FIG. 5. Time evolution of the oxide thickness obtained duri
oxidation of GaAs with and without UV-light irradiation by an H
arc lamp and atT5130 °C, rf power5100 W, P50.1 mbar, and
bias voltage5150 V. Inset~a! refers to data without UV-light irra-
diation and clearly evidences the EO regime and the square
time dependence of oxide thickness in the TO regime defined in
text. Inset~b! refers to data with UV-light irradiation and evidence
the logarithmic time dependence of oxide thickness in the LO
gime.
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diation: an early oxidation regime~EO regime! which
corresponds to the very fast growth of 20–30 Å of oxides
transition regime~TO regime! up to about 60 Å where the
oxide thickness increases with the square root of time,
evidenced by the inset~a! of Fig. 5, and alate oxidation
regime ~LO regime! over 60 Å, where the oxide thicknes
increases linearly. Also in the UV case, the three differ
oxidation regime are present, but in the LO stage a photo
hancement of the oxidation rate is clearly seen. However,
UV photoeffect on the oxidation rate decreases with incre
ing the oxide thickness, and for oxide thicker than 250 Å,
photoenhancement effect disappears and the oxidation
approaches the value measured without UV-light irradiati
This last result suggests that the UV photoeffect on the o
dation rate depends on the oxide layer thickness.

The observed oxidation kinetics can be discussed on
basis of some general oxidation models described in lite
ture, the most common being the linear-parabolic model~LP!
developed by Deal and Grove18 for the thermal oxidation of
semiconductors~Si, Ge, etc.! and the Cabrera-Mott19 ~CM!
model for oxidation by charged species of metals. When
LP model applies, a linear oxidation regime controlled by t
semiconductor/oxygen reaction and a parabolic regime c
trolled by Fick’s diffusion of oxidizing species are observe
Also, the oxide thickness depends on the square root of t
when the CM model applies and the oxidation proceeds
migration of charged species in low-electric field. Howev
for plasma oxidation of Si, it has been demonstrated t
when a positive bias voltage is applied to the semiconduc
the drift of ionic species in the electric field across the gro
ing oxide layer is more important than diffusion and th
none of the previous models are able to explain the e
oxidation kinetics. Thus, additional models also predicting
linear-parabolic oxidation law have been formulated.20,21 In
these models, the oxidation kinetics depends on the thickn
of the oxide layer itself,x, on the potential across the oxid
layer V, on the temperatureT, and on the diffusion coeffi-
cient D, i.e., x5 f (x,V,T,D).

Figure 6 shows that the dependence of oxide thicknes
oxidation time for oxide grown in the temperature range 2
160 °C with a150 V bias voltage. As expected, the oxid
tion rate increases with temperature, and the observed

e

g.

ot
e

-

FIG. 6. Oxide thickness vs oxidation time at different tempe
tures of ~100! GaAs surface. Other experimental conditions:
power5100 W, P50.1 mbar, and bias voltage5150 V. The inset
shows the square-root time dependence of oxide thickness.
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10 624 56M. LOSURDO, P. CAPEZZUTO, AND G. BRUNO
files in the TO regimes conform to a square-root tim
dependence as evidenced by the inset of Fig. 6. Moreove
can be seen that the EO and TO regimes tend to collaps
a unique diffusive regime at high temperature.

As for the effect of bias voltage, the time evolution of th
oxide thickness in the EO and TO regime for different b
voltage values is shown in Fig. 7. It is well evidenced th
the EO regime is nearly bias independent while the ti
duration of the TO regime depends on bias voltage, i.e.,
higher the bias, the shorter the TO regime. However,
time duration of the EO and TO regimes depends not only
the oxidation parameters but also on the history of the G
substrate and, in particular, on its surface morphology.
fact, different GaAs substrates, as derived by different cle
ing treatments and, hence, with a different surface roughn
and porosity@see SE spectra in Fig. 8~a!# have different oxi-
dation kinetics as shown in Fig. 8~b!. Here, it is evident that
the higher the surface roughness, the faster the EO reg
and that in the case of low-surface roughness~substratea!,
the EO and TO collapse in a single diffusion regime aga
as shown by the square-root-time plot in the inset.

At first sight, the data appear to give evidence that
oxidation of the outmost porous layer~10–30 Å! is an easy
process occurring in a relatively short time of a few tens
seconds. In this EO stage, the GaAs is oxidized through
its entire volume due to its open porosity and the easy di
sion of oxygen atoms into the pores.

Once a thin oxide layer has been grown and a unifo
electric field applies across the oxide layer, the oxidat
becomes field-aided, as evidenced by the bias depend
shown in Fig. 7. Thus, in the TO regime, the oxidation
determined by both in-diffusion of oxidizing species
plasma/oxide interface and out-migration of gallium and
senic ionic species at the oxide/GaAs interface. As a con
quence, the oxidation is not a surface process but takes p
over a reaction volume zone whose extension depends o
competition between diffusion and ion drift, i.e., the high
the electric field, the more predominant is the ion drift a
the shorter the TO regime~see Fig. 7!.

Following the TO regime, the electric field in the oxid
layer becomes uniform and well set, and the oxide growt

FIG. 7. Time evolution of oxide thickness at different bias vo
age during UV-light photoassisted plasma oxidation of~100! GaAs
surfaces. Other experimental conditions: rf power5100 W, P
50.1 mbar, andT5130 °C.
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controlled by drift of Ga and As ions towards the plasm
oxide interface, as already demonstrated by Yamasaki
Sugano.8 In this LO regime, under almost constant anodiz
tion current, the oxide thicknessxoxide is approximately pro-
portional to the oxidation time, i.e.,xoxide5kt as shown by
data in Fig. 5. Obviously, an increase in bias voltage~or
anodization current! results in an increase of oxidation rat
The linear dependence between oxidation rate and anod
tion current is evidenced by the data in Fig. 9, where b
oxidation experiments with and without UV-light irradiatio
are considered. In the case where UV light irradiates
samples, the initial slope of the oxide thickness profile in
LO regime has been considered as a measure of the oxid
rate. Thus, according to the model of Yamasaki and Suga
the oxidation rate, in the LO regime, is limited by the drift
Ga and As ions across the oxide for both oxidation proces
occurring with and without UV-light irradiation.

The different kinetics observed in the oxidation with a
without UV-light irradiation can provide more insight int
the oxide growth mechanism. In particular, the fact that
oxidation rate photoenhancement is a function of the ox
thickness itself and that the photocatalytic effect disappe
for thickness larger than 250 Å~see Fig. 5! can be explained

FIG. 8. ^« i& decrease during the early oxidation regime f
GaAs substrates treated by~a! wet etching with HCl/MeOH for 2
min, ~b! hydrogen plasma atT5230 °C for 2 min,~c! hydrogen
plasma atT5500 °C for 5 min. Other oxidation experimental con
ditions: rf power5100 W, P50.1 mbar, T5130 °C, and bias
voltage5150 V.
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56 10 625CHEMISTRY AND KINETICS OF THE GaAs . . .
by considering that the UV light is increasingly absorbed
the oxide layer according to the Lambert-Beer law.

In fact, the oxidation rate in the LO regime is determin
by the combination of two processes: one is the drift of
and As ions due to the electrical field at the oxide/Ga
interface, and the other is the photoenhancement of the
dation rate caused by the UV-light irradiation of the Ga
surface. The combination of these processes can be re
sented by the following relation for the oxidation rate:

dx

dt
5k~11gI oe2ax!, ~1!

wherek is the oxidation rate constant in the constant curr
mode~the anodization current remains constant during ox
growth!, g is the photocatalytic coefficient,I o is the light
intensity at the oxide surface, anda is the GaAs-oxide ab-
sorption coefficient.

For the sake of simplicity, let us assume two limitin
cases.~a! Plasma oxidation occurs without light irradiatio
(I o50), or with light irradiation but the grown oxide layer i
thick enough to have large light absorption (gI oe2ax!1).
In these cases, the time dependence of the oxide thickne
of the type

x5k t. ~2!

~b! Plasma oxidation occurs with light irradiation and t
oxide layer is thin enough to have light on the GaAs surfa
(gI oe2ax@1). In this case, the time dependence of the
ide thickness is of the type

ax5 ln t1const. ~3!

An excellent fit of the experimental data to Eq.~3! for the
thin oxide film (,250 Å) is shown in inset~b! of Fig. 5. The
slope of the straight line is a measure of the absorption
efficienta in the UV spectral region, of the grown oxide. A
soon as the oxide thickness reaches 250 Å, the UV ligh
completely absorbed and the oxide growth proceeds with
linear dependence of Eq.~2! and at the same rate as witho
light irradiation.

The explanation of the photocatalytic effect can be fou
in the generation of Ga and As ions at the GaAs/oxide in

FIG. 9. Variation of initial oxidation rate in the LO regime~see
text! as a function of current applied to GaAs samples for oxidat
occurring with and without UV-light irradiation.
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face. In fact, UV photons reaching the GaAs surface c
promote, among other photon-associated phenomena, i
nal photoemission and the GaAs ionization processes~GaAs
photoelectron threshold energy ranging between 4.7–
eV!.22 Therefore, the production of Ga and As ions is e
hanced and, consequently, a higher oxidation rate is
served.

B. Crystal orientation effect

In the oxidation processes on semiconductor surfaces
isotropy effects have attracted considerable attention, i.e.
variation of oxidation rate on the different crystallograph
surfaces of oriented materials. The anisotropy has b
clearly demonstrated by Lewis and Irene,23 particularly in
relation to the thermal oxidation of Si system under bo
interface and diffusion controlled kinetics.

Figure 10 shows oxidation kinetics recorded during o
dation with and without UV-light irradiation of GaAs wafer
having ~100!, ~110!, and (111)A crystal orientations. Apart
from small differences observed in the EO regime due to
different surface morphologies, the oxidation kinetics wit
out UV-light irradiation were found to be almost indepe
dent of the crystal orientation. This is expected since, as
have seen above, the oxidation rate in the LO regime is l
ited by the ion drift and not by surface reactions at the Ga
oxide interface. The slightly faster kinetics observed for t
(111)A orientation without UV-light irradiation is due, a
will be shown below, to a higher sensitivity of this orient
tion to the UV light coming from the glow of the plasm
which has not been screened. The absence of crystal o
tation associated phenomena has also been found by Le
and Irene! in a very recent work24 on the GaAs oxidation by
ECR oxygen plasmas.

On the contrary, when plasma oxidation proceeds w
UV-light irradiation by the Hg-arc lamp, the oxidation kine
ics is clearly dependent on the crystal orientation as show
Fig. 10, and the order of oxidation rate,r , is

r ~111!.r ~110!.r ~100!.

n
FIG. 10. Oxide thickness profile grown on GaAs wafers w

~100!, ~110!, and (111)A crystal orientations during plasma oxida
tion without and with UV-light irradiation, at a rf power of 100 W
a pressure of 0.1 mbar, a surface temperature of 130 °C, and a
voltage of150 V.
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10 626 56M. LOSURDO, P. CAPEZZUTO, AND G. BRUNO
This anisotropic effect is similar to that reported by Lew
and Irene23 for thermal oxidation of Si, over 10 nm of grow
oxide; however, the oxidation is controlled by the reaction
the Si/SiO2 interface. Also in the present case, the obser
anisotropic effect can be explained by different interactio
of the UV light with the three different GaAs surfaces at t
oxide/GaAs interface. In fact, for the photoenhanced gen
tion of Ga and As ions, two factors have to be consider
the surface densityd of Ga and As bonds available for
particular crystal plane, being

d~110!.d~111!.d~100!,

and the orientation dependence of the photoemission thr
old energyE, which increases in the order25

E~111!54.7 eV,E~100!55.1 eV,E~110!55.5 eV.

Thus, it seems that the significantly lower threshold ene
for the ~111! orientation enhances the GaAs ionization p
cess, explaining the faster oxidation rate for~111! and the
crossover in the order of the~110! and ~111! orientations as
expected on the basis of the surface density values.

C. Oxide chemistry

The joint XPS and SE analyses of the oxide chemis
have revealed that the composition of the oxide lay
changes with the oxidation conditions and depends on
plasma parameters, the bias voltage, and UV-light irrad
tion. As for the overall stoichiometry, i.e., the Ga/As rat
integrated intensities of Ga 3d and As 3d spectra at different
take-off angles have been used for the semi-quantita
analysis of the oxide layers. It has been found that the Ga
ratio is about 2 at the oxide surface and gradually decre
to a value of 1.2 in the oxide bulk, indicating a Ga enric
ment in the outer oxide layers as already reported by m
authors.25,26

The main feature of the plasma-grown oxides is the h
As2O5/As2O3 ratio in comparison to that found in thermal
grown GaAs oxide. The As2O5/As2O3 ratio is further en-
hanced by adding UV-light irradiation to plasma oxidati
~see Fig. 11!. The higher degree of arsenic oxidation o
served under plasma anodization of GaAs, has been re
to the charged oxygen species (O2,O2

2) ~Ref. 25! whose
chemisorption is further improved by UV-light irradiation. I
addition, the As2O5/As2O3 ratio in the oxide bulk depends o
the oxidation kinetics itself, as shown in Fig. 11: the slow
the oxidation rate, the higher the As2O5/As2O3.

The oxidation rate also controls the chemical composit
and width of the GaAs/oxide interface. Figure 12 sho
some typical interfaces drawn on the basis of SE meas
ments and, for thinner samples, of angle-resolved X
analysis. The feature is that by increasing the bias volt
and, hence, the oxidation rate, the layer containing free
becomes thicker and thicker but, at the same time, the
As becomes more diluted.

IV. CONCLUSIONS

We have shown the feasibility of evaluating both t
chemistry and kinetics of the GaAs plasma oxidation proc
using real timein situ spectroscopic ellipsometry. The S
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and the SWE traces have been examined on the bas
BEMA models whose applicability and validity, althoug
widely demonstrated by many authors in the past, has b
confirmed by XPS and atomic force microscopy measu
ments.

The key points of the GaAs oxidation process to be u
derstood refer to the quality~defect density! of the GaAs/
oxide interface and, hence, to the early stage of oxidati
(<200 Å). The following facts summarize our results.

~i! Surface morphology and oxygen diffusion control t
growth of the first 20–30 Å of oxide~early oxidation re-
gime!.

~ii ! Oxygen diffusion and Ga and As ion drift concur
thickening the oxide up to 60 Å~transition oxidation re-
gime!.

~iii ! Ga and As ion drift alone determines the oxid
growth up to 350 Å in ourcase ~late oxidation regime!.
Here, the oxidation rate is constant and its value increa
linearly by increasing the bias voltage.

~iv! The oxidation kinetics are affected by irradiation
the surface with UV light. The photoenhancement of the o
dation rate, which becomes uneffective at oxide thicknes
250 Å has been assigned to a larger availability of Ga and
ions at oxide/GaAs interface due to the GaAs photoioni
tion process.

~v! Depending on the GaAs crystal orientations,~100!,
~110!, and (111)A, different oxidation kinetics are observe
under UV-light irradiation.

~vi! A composition of the GaAs oxide layers is induced
plasma anodization and UV-light irradiation, in that the
oxides are almost stoichiometric, i.e., Ga oxide to As ox

FIG. 11. As2O5 /As2O3 ratio vs oxidation rate for oxide laye
grown under UV-light irradiation and by changing the positive b
potential in the range 5–50 V. Other experimental conditions:
power5100 W, P50.1 mbar,T5130 °C.

FIG. 12. Scheme of some typical GaAs oxide grown at differ
bias voltage and, hence, different oxidation rate, as deduced
BEMA modeling of SE spectra and XPS analysis.
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ratio is equal to 1.2, and contains As2O5 as the main arsenic
oxide.

Although the presence of free arsenic is confirmed in
plasma grown GaAs oxides, all experimental eviden
clearly supports the premise that further improvement i
very thin GaAs oxide layer can be achieved by a care
control of the plasma oxidation process. It remains evide
however, that the definitive validation of the GaAs plasm
oxidation process, under optimized conditions, can be se
ol
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by the performance of a metal-insulator-semiconductor
vice, which includes a GaAs oxide interlayer.
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