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Platinum-(Pt-) enhanced oxidation of GaAs has been investigated using high-resolution x-ray photoelectron
spectroscopyXPS). A thin oxide layer of thickness in the range 0.5—-1.6 nm is formed on the GaAs surface
and then a Pt layer is deposited on it. Heat treatments at 200 °C in oxygen increase the oxide thickness to
2.4-4.7 nm. Measurements of the take-off angle dependence of the XPS spectra show that the oxide layer has
nonuniform layerlike structure, consisting of gallium oxide, arsenic oxide, and elemental arsenic; each oxide
component is present between the Pt overlayer and the Si substrate, but is not on the Pt layer. Arsenic oxide is
present just below the Pt layer, while gallium oxide and elemental arsenic are present below it. Oxygen atoms
produced at the Pt surface are suggested to be the diffusing species through the Pt layer. On the other hand, the
moving species in the oxide layer are arsenic and gallium atoms as well as oxygen atoms. The oxide thickness
depends on the nature of the oxide layer formed before the Pt deposition, and is mainly attributed to the
different composition of the oxide layers. Gallium oxide is suggested to suppress the diffusion of the reacting
species[S0163-18207)09136-4

. INTRODUCTION methods are too thin for the device applicattoh®
We have recently developed a method for the formation
Oxidation of group IV and Ill-V semiconductors at low of silicon oxide layers between metal overlayers and the Si
temperatures attracts much interest not only from the acesubstrates at low temperatures by use of the catalytic activity
demic viewpoint but also for the technological application toof the platinunt*~* (P9 or palladiunt* (Pd overlayers. In
metal-oxide-semiconductdMOS) devices. Metal-promoted this method, a thin oxide layer of ca. 1 nm thickness is

oxidation is a good candidate for the low-temperature oxidaformed before the Rior Pd deposition to prevent the direct
tion method. For oxidation of GaAs as well as Si, goAd),* contact between the Rar Pd layer and the Si substrate, thus
chromium (Cp,23 aluminum (Al),*5 alkali metal~® and avoiding the silicide formation. Heat treatments at 300—

rare-earth metald® are used as oxidation catalysts. In the 400 °C in 0xygen increase the oxide thickness to 4-5 nm.

The enhanced oxidation is attributed to the formation of oxy-
resen f a Au overlayer, GaAs and Au r form i .
presence of a Au overlayer, GaAs and Au react to fo en atoms at the Rior Pd surface, which diffuse to the

GaAu and As, and the oxygen exposure results in the formaZ

. oxide/Si interface and react there. In the present study, this
tion of As;0; and GaO; on the Au layer. in the case of aCr 0 method using the catalytic activity of Pt is applied to
overlgyer, interdiffusion of Cr occurs, forming arsenlde_llke ttt]e oxidation of GaAs at low temperatures.
species, and the oxygen exposure leads to the formation o
As,Os-like and GaOs-like species. However, these tech-
nigues cannot be applied to the device technology because
the oxide layers are formed on the surface, but not between Si-dopedn-type GaA$100) wafers with a donor density
the metal overlayer and the GaAs substrate. of 4.1x10% cm 3 were cut into 55-mn¥ pieces. The wa-
Alkali metals such as K, Cs, and Na greatly enhance oxyfers were cleaned in boiling acetone and distilled water and
gen adsorption on the GaAs surfaces and the enhancementtien etchedn a 5 wt. % potassium hydroxidé&KOH) aque-
attributed to the charge transfer from alkali metals to GaAspus solution at room temperature for 3 min. For some speci-
which in turn results in the charge transfer from GaAs tomens, the wafers were heated at 500 °C for 5 min in an
oxygen forming @~ or O, i.e. strong oxidizing oxygen atmosphere. Then, an approximately 3-nm-thick
specie$’ Another possibility is the formation of alkali- platinum (Pt) layer was deposited by an electron beam
metal oxide, which easily changes into oxide of GaAs byevaporation method. The substrate temperature and the
heating®® Using rare-earth metals such as $Ref. 9 and  evaporation rate were 50 °C and 0.01 nm/s, respectively. In
Yb (Ref. 10, an oxide layer is also formed between the some cases, the specimens were heat treated at 200 °C for 1
metal and GaAs. However, the oxide layers formed by thesé in oxygen after the Pt deposition. The specimens thus fab-
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surfaces treated with the KOH solution. For the GaAs sur-

face with no heat treatment and no Pt deposifigmectrum

(@], sharp doublet peaks due to Ads3 and 33, levels of

the GaAs substrate were observed, and a broad peak was

present at 3.3 eV with respect to the substrate ds,eak,

which was attributed to A8 of As,O; [hereafter abbreviated

to AS’"(As,04)].2%71°In the Ga 3 region [spectrum(e)],

double structure due to the Gals3, and 35, levels of the

substrate was also observed. A broad shoulder was present in

the higher-energy side and attributed to*G&a,03).6%°

The total oxide thickness was roughly estimated to be 0.5

nm. When this surface was heated to 200 °C in oxygen for 1

h, the intensities of the peaks due to,8g and GaO; in-

creased slightly with the peak energies almost unchanged

7 6 5 4 3 2 1 0 -1 -2 [spectrab) and(f)]. The total oxide thickness was estimated
Relative Energy (eV) to be 0.7 nm.

The energies of the substrate peaks depended on the
sample preparation methods, mainly due to the change in the
band bending in GaAs. In the present report, however, the As
3ds, and Ga 385, peaks of the GaAs substrate were taken as
the energy references for simplicity. The detailed discussion
of the energy of the substrate peaks will be given elsewhere.

The dotted lines in the AsBand Ga 3l spectra show the
As 3ds,, and Ga 3l5;, components obtained from the curve
decomposition. In the curve decomposition method, the
background was subtracted using the Shirley method, i.e.,
the method in which the inelastic background intensity at
binding energyE,, was assumed to be proportional to the
integration of the signal intensity with the energy lower than
Ey. For the spectra in the Asd3region of the specimens
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AR with the Pt overlayer, a broad background due to the Pt over-
4 3 2 10 -1 -2 layer in this energy region was measured and this back-
Relative Energy (eV) ground was subtracted from the Asl 3pectra. Then, the

observed spectra were fitted by several peaks considering
that the intensity ratio of thed;, component wag and the
energy splitting between these components was 0.70 eV for
no Pt layer after the heat treatment at 200 °C in oxydep;(Q) As 3d and 0.44 eV for Ga 8. (The p_eaks 0”'¥ due t°_ the As
with a Pt layer and no heat treatmefd) and (h) with a Pt layer 3952 @and Ga 3ls;, components are included in the figure for
after the heat treatment at 200 °C in oxygen. simplicity.) The peak energies shown below were deter-
mined by the curve decomposition.
ricated were exposed to air ferl h and then transferred to ~ When a Pt layer was deposited on the KOH-treated GaAs
a UHV chamber with a base pressure of>1 10 Torr for surface, prominent changes occurred in the XPS spectra. In
x-ray photoelectron spectroscop¥PS) measurements. the As 3 region, new peaks appeared at 4.5 and 0.65 eV
XPS spectra were measured using a VG SCIENTIFIASpectrum(c)], and they were attributed to AS of As,Os
ESCALAB 220i-XL spectrometer with a monochromatized and A$ of elemental As, respectivelj~*® The structure of
Al Ka radiation source. X-rays were irradiated at the inci-the Ga 3l spectrum changed because of an increase in the
dent angle of 45° and photoelectrons were collected in thétensity of the G& (Ga,0;) peak[spectrum(g)].
surface-normal direction, i.e., the take-off angleof 90°, or When the Pt-covered GaAs surface was heated at 200 °C
at §,=45°. The electron pass energy in a semispherical andd oxygen for 1 h, the intensity of the AS(As,0;) peak
lyzer was set at 10 eV. For measuring the XPS spectra of thi@icreased markedly, and that due to GaAs decrepseet-
specimens with(or without a Pt overlayer, photoelectron trum (d)]. The intensity of the G (Ga,05) peak became
signals were accumulated for20 min (or ~5 min). Pro- ~ much stronger than that of the substrate plesglectrum(h)].
|onges X-ray irradiation was found to decompose As Oxide:rhe total thickness of the oxide Iayer after the heat treatment
especially in cases where the Pt film was deposited on that 200 °C was estimated to be 4.7 nm, as described later.
KOH-treated GaAs surfacé.In the XPS measurements of Comparison of spectréd) and (h) with spectra(b) and (f),

the specimens with the Pt overlayer, the Pt layer was earthed€., the spectra for the specimens with and without a Pt layer
after the heat treatment at 200 °C in oxygen, clearly shows

that the Pt overlayer greatly enhanced the oxidation of GaAs.
The first row in Table | shows the XPS intensity ralg,
Figure 1 shows the XPS spectra in the Ad Bpectra  of the oxide species to that of the GaAs substrate measured

(a—(d)] and Ga 3 [spectra(e)—(h)] regions for the GaAs at the take-off angled; of 90° for the specimens in which

FIG. 1. XPS spectra in the Asd3[spectra(a)—(d)] and Ga 2l
[spectra(e)—(h)] regions for the oxide layers formed in the KOH
solution:(a), (e) with no Pt layer and no heat treatmett}, (f) with

lll. RESULTS
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TABLE I. Ratio of the areal intensity of the oxide peak to that
of the substrate pedR,, and the thickness of the oxide layeifor
the (Pt/KOH oxide/GaA&01)) specimens with no heat treatment.

As As,0;  As,O5 GaOj
Rox(90°) 095  0.93 0.81 0.54
Rox(45°)/R(90°) 1.1 1.5 1.8 1.6
d (nm) 1.0 0.8 0.6 0.5
Calc. Ryy(45°)/Ry(90°)* 1.6 1.9 2.2 1.9
Calc. Ryy(45°)/Ry(90°)° 1.6 1.9 4.6 1.9

avalues for the(Pt/As,05/As,03;+Ga,03/As/GaAs structure.
byvalues for the(As,Os/Pt/AS,05+Ga05/As/GaAs structure.
‘Partial oxide thickness for th@\s,0;+Ga05) layer (see the text
for details.
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Rox(45°)/R,4(90°) values that the oxide layer has nonuni-
form layerlike structure composed by various oxide species,
as described below. For oxide layers consisting of several
layers, Rox of a certain oxide species increases with a de-
crease ing, for the following two reasongi) Enlarged path
of photoelectrons in the oxide layer due to the oblique inci-
dence andii) enlarged path of photoelectrons in the layers
present between the oxide layer and the GaAs substrate.
Therefore, it is expected that due to efféicy, the larger the
distance between the GaAs substrate and the oxide layer, the
larger theR,,(45°)/R,,(90°) value.

It is seen from Table | thaR,,(45°)/R,,(90°) had differ-
ent values for different oxide components, i.e., almost unity
for As®, ~1.5 for AS(As,0,) and G&"(Ga,0;), and~1.8
for As®(As,0s), verifying the nonuniform layerlike struc-
ture. On the basis of this result, the above consideration
shows that the most probable structure is

they were treated with the KOH solution and no heat treat{ Pt/As,05/As,0;+Ga03/As/GaAg. Once the structure of
ments were performed after the Pt deposition. The seconthe oxide layer is determined, the thickness of each oxide

row in Table | showsR,, for 6,=45° divided by that for
0:=90°, Ry (45°)/R(90°). It can be concluded from the

componentd, can be estimated using the following equa-
tion:

d
D o><ide‘0'o><ideJ‘0 EXP( — X/ N oxige) dX

ROX(90°) =

: ()

whereD is the number of Agor Gg atoms per unit volume,
o is the ionization cross sectioR, is the mean free path of
photoelectrons, and subscripts GaAs, oxide, iaddnote the
values for the GaAs substrate, the oxide species, anitlihe
component present between the oxide layer and the G
substrate, respectively. Assuming thag,ige/ 0cans iS UNIty
and adopting 2.5 nm fok of all the specie$t?* Eq. (1)
reduces to

Doxide

(a+d)/25_ 4al2.5
e e ,
DGaAs[ ]

Ro«(90°%) = (2

wherea is the thickness of the layer between the oxide layers

and the GaAs substrate in nm.

For the layer of oxide mixture such as the

(As,03+Ga0 5) layer, the oxide thickness can be deter-

mined using the following equations:

+  amer DoxiaeC (a+d)/2.5_ nal2.5
R3,(90°) =—1—[e —er,

©)
GaAs
2 ono Dxiad 1) (a+d)l2.5_ na/2.5
Rox(go):W[e il P (4)
S

where superscripts 1 and 2 denote oxide species 1 and
respectively, and is the concentration of oxide species 1 in
the mixture. The partial oxide thickness, of species 1 is
defined as

D gaasTGaas EXP — d/)\oxide)exr{ ZI (—=di/N)

J expl— X/ \gaagddX
0

d,=cd. 5

Using Eqs(2)—(5), the thickness of each oxide component is

aﬁ%stimated from the intensity ratid,,(90°), shown in the
ir

st row of Table | and it is depicted in the third row. The
total oxide thickness was estimated to be 2.9 nm, much
larger than that before the Pt depositi@5 nm.

Once the thickness of each oxide species and the structure
of the oxide layer are determineld,,(45°)/Ry(90°) can be
calculated using the following equation:

Ro(45°) e2@+rdi25_g2a25

Roe(90°) = e@td25_ gal25

(6)

TABLE II. Ratio of the areal intensity of the oxide peak to that
of the substrate peaR,, and the thickness of the oxide layeifor
the (Pt/KOH oxide/GaA&)01)) specimens after the heat treatment
at 200 °C in oxygen.

As As,0;  As,O5 Ga0;
R0 (90°) 095 196 287 205
Rou(45°)/R,,(90°) 13 24 2.7 14
d (nm) 07 1.0 1.1 1.9
Balc. R, (45°)Ro(90°) 19 25 2.9 1.9

&/alues for the(Pt/As,05/As,03+ Ga,04/As/GaAs structure.
bPartial oxide thickness for th@a,05+As) layer.
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The calculated values are shown in the fourth row in Table I. T T T
They were larger than the experimental values but not very :
different. The most probable cause for the difference be-
tween the experimental and calculated values is the presence
of roughness at the interfaces, i.e., the interface roughness
makesR,, less take-off angle dependent. On the other hand,
the uncertainty of the photoelectron mean free path was
found to cause only a small error in the calculation of
Rox(45°)/R,4(90°). For example, a change in,iqe from 2.5

to 3.0 nm withA g5 Of 2.5 Nm decreases the ratio only by
~5% for the total oxide thickness of 3 nm.

In the calculation, the interfaces between oxide layers are
assumed to be sharp although the real interfaces are not prob-
ably so sharp, with the concentrations of the oxide species L .
changing gradually with the depth. However, this assumption 7 6 5 4 3 2 1 0 -1-=2
increaseR,(45°)/R.(90°) for one oxide species but de- Relative Energy (eV)
creases that for other oxide species. The calculated e L m
Rox(45°)/R,4(90°) values for all the oxide species are larger
than the experimental values, and hence, the errors cannot be
attributed to this assumption but to the interface roughness as
described above.

The calculatedR,,(45°)/R(90°) value assuming a
structure in which some species is present on the Pt surface
is always far from the experimental values, e.g., the fifth row
for the (AsOs5/Pt/AS,0;+Ga05/As/GaAs) structure, veri-
fying that all the oxide species are present between the Pt
layer and the GaAs substrate.

Table Il showsR.,(90°) (first row), Ry,(45°)/R4,(90°)
(second row, the oxide thicknesg&hird row), and calculated

Intensity

Intensity

Rox(45°)/R4(90°) (fourth row) for the KOH oxide layer () LN
with the Pt film after the heat treatment at 200 °C in oxygen. 4 3 2 1 0 -1 =2
The ratio, R.,(45°)/R,,(90°), abbreviated tdR, was in the Relative Energy (eV)

following order:
FIG. 2. XPS spectra in the Asd3[spectra(a)—(c)] and Ga 3
R(As,05) > R(As,05) >R(Ga,05) ~R(AS). [spectra(d)—(f)] regions for the thermal oxide layers formed at
500 °C:(a), (d) with no Pt layer and no heat treatme(it), (e) with
This result indicates that the oxide has a @& Ptlayerand no heat treatmefa), (f) with a Pt layer after the heat

(Pt/As,05/As,05/Ga,05+As/GaAs) structure. Comparison eatment at 200 °C in oxygen.
of Table Il with Table | shows that the heat treatment in
oxygen increased the thickness of Gaand AsOs greatly, When a Pt layer was deposited on the thermal oxide layer,
and increased that of A8; slightly, while that of As de- the spectral feature was changed mainly because of lower
creased. The total oxide thickness increased to 4.7 nm. ~ energy shifts of the peaks due to /8 [spectrum(b)] and

The Ry(45°)/R,(90°) value for elemental As contains a Ga&Os [spectrum(e)]. The ratios,R,(90°), for GgO; and
large error of=20% because the Asdg;, peak due to the As;Ozwere nearly unchanged by the Pt deposition. The total
GaAs substrate overlaps the Ads3, peak of As”. However, —Oxide thickness was estimated to be 1.6 nm.
measurements of the ratio for many specimens confirmed BY heating thePt/thermal oxide/GaA400) specimen at
that the As layefor As+Ga,0 ; layen was always present 200 °C in oxygen for 1 h, the intensity of the peak due to
just above the GaAs substrate.

Figure 2 shows the XPS spectra for the thermal oxide- TABLE lIl. Ratio of the areal intensity of the oxide peak to that
covered GaA&00) substrate in the As @[spectra(a)—(c)] of the substrate peaR,, and the thickness of the oxide layeifor
and Ga 3 [spectra(d)—(f)] regions. The thermal oxide lay- the (Pt/thermal pxide/GaA@Ol)) specimens after the heat treat-
ers were formed by heating the G4A80) substrate at Mentat 200 °C in oxygen.
500 °C in oxygen for 5 min. In the AsdBspectrum for the
specimen with no Pt layer, a weak peak due t6'48s,05)

As As,0;  As,O5 Ga0;

was observed, but no peak due to°A@s,0s) was seen Ro,(90°) 0.17 0.96 1.35
[spectrum (@)]. In the Ga 3 spectrum, a peak due to Rox(45°) /Ry, (90°) 1.2 1.9 1.2
Ga*(Ga0,) was present with a considerably high intensity 4 (nm) 0.% 0.7 1.9
[spectrum(d)]. These results show that the thermal oxidecyc R (45°)R,(90°) 1.7 20 17

layer was composed mainly by &, in agreement with the
previous studie$>?*The total oxide thickness was estimated 2Values for the(Pt/As ,05/Ga,0,+As/GaAs structure.
to be 1.6 nm. bpartial oxide thickness for thga,05+As) layer.
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As®*(As,0,) increased markedlyspectrum(c)], and that 0,
due to GaO; increased only slightlyspectrum(f)].
Table 1l shows R4(90°) (first row), R

=R,x(45°)/R,,(90°) (second row, the oxide thickness
(third row), and calculated?,,(45°)/Ry(90°) (fourth row)

for the thermal oxide layer with the Pt film after the
postdeposition heat treatment at 200 °C in oxygen. The ratio
R was in the following order:

.

| As,0,+20—As,0; |
R(As;03)>R(Ga,03) ~R(As). 4As+3As,0,—5As,0,
This indicates that the oxide hagPt/As,0;/Ga0; 2As+30—As,0,
+As/GaAg structure. Assuming this layered structure, the 2Ga+30—Ga,0,
thickness of each oxide component was calculated to be 0.7 I

nm for AsO;, 1.5 nm for GaO,, and 0.2 nm for As, and
thus, the total oxide thickness was 2.4 nm.

IV. DISCUSSION
FIG. 3. Model of the mechanism for the Pt-enhanced oxidation

The thickness of the oxide layer formed in the KOH so-of GaAs.
lution is ~0.5 nm before the Pt deposition. The heat treat-

ment of this specimen at 200 °C in oxygen increases they as oxide would be formed simultaneously. The nonuni-

oxide thickness only slightly te-0.7 nm. On the other hand, ¢,y oxide composition is likely to be caused by the oxida-

f’iﬂef the deposition .Of the Pt overlayer, the oxide thicknes?on reaction at the Pt/oxide interface and in the oxide bulk
increases to 2.8 nm just by leaving the specimen in the air { |

room temperature. For this specimen, the heat treatment?a\{amely’ In cases where the diffusion of As atoms in the

200 °C in oxygen markedly increases the oxide thickness t xide layer is faSteT than .that of Ga.‘ atpms, As oxide is
4.7 nm. These results show that the oxidation of GaAs i ormed above Ga oxide. This expectation is supported by the

promoted greatly by the Pt overlayer. experimental result that after the heat treatment of the speci-

Comparison of the XPS spectra measured at the take-off€NS With the Pt layer in oxygen, the oxide layers have
angle of 90° and 45° clearly shows that all the oxidized(PUAS0s/As;03/Ga05+As/GaAs) and (PUAS03/G&0;
species are present between the Pt overlayer and the GaA€As/GaAs) structures for KOH oxide and thermal oxide,
substrate, but not on the Pt layer. This result is in strongespectively. Therefore, it can be concluded that As and Ga
contrast to the cases of the noble metal— or transition metalformed by the decomposition of GaAs diffuse toward the
promoted oxidation of GaAk;® where the oxide layer is Pt/oxide interface, and react with oxygen atoms injected
formed on the metal surfaces, and thus, the moving specidgom the Pt layer. The proposed oxidation mechanism is
through the metal layers are As and Ga formed by the deshown schematically in Fig. 3.
composition of GaAs due to the interaction between metal The oxidation mechanism of GaAs is in contrast to that of
atoms and the GaAs substrate. In the present study, the dirdét-enhanced oxidation of Si where the diffusion species in
contact between the GaAs substrate and the Pt overlayer ike silicon oxide layer is oxygen ators.™® The different
prevented by the thin oxide layers formed before the Pimechanism is likely to be caused by the higher diffusion rate
deposition, thus avoiding the interaction between them. Irof As (and Ga atoms in the oxide layer than that of Si
the cases of Pt- or Pd-enhanced oxidation of Si, a thin oxidatoms. Namely, in the case of Si oxidation, oxygen atoms are
layer is also found to prevent the direct contact between thaeeded to diffuse to the Si/silicon oxide interface because of
metal overlayer and the Si substrate, avoiding the silicidéhe low diffusion rate of Si in the oxide layer. For the oxi-
formation, and consequently, the silicon oxide layer isdation of GaAs, on the other hand, As and Ga atoms diffuse
formed between the metal layer and the Si substraté. in the oxide layer at low temperatures. This expectation is

Since the Pt film increases the thickness of the oxide layesupported by the result that the thickness of the GaAs oxide
between the Pt film and the GaAs substrate but no oxide ikyer formed at 200 °C using the catalytic activity of the Pt
formed on the Pt, it can be concluded that the moving spefilm is 4.7 nm, thicker than that of the silicon oxide layer
cies through the Pt layer is an oxidizing species but is not Gformed at the same temperaty@8 nm.*>*3
or As atoms. We think that the moving species through the When the(Pt/KOH oxide/GaA$ specimen is heated at
Pt layer is oxygen atoms or oxygen iof@~ or C%") initially 200 °C in oxygen, the thickness of &3; increases, while
produced at the Pt surface. It is well known that oxygen ishat of As slightly decreases. This result can be explained by
adsorbed dissociatively on the Pt surface at roonthe following mechanisnicf. Fig. 3: the decomposition of
temperaturé>?® Oxidation of GaAs by these species pro- GaAs is enhanced by heating. Elemental As present just
ceeds much faster than that by oxygen molecules because afove GaAs diffuses toward the oxide/Pt interface, and re-
a low activation energy. acts with oxygen atoms near the Pt/oxide interface, forming

After the Pt deposition, the oxide layers have layerlikeAs,Oz. The decrease in the thickness of the As layer shows
nonuniform compositions. If the oxidation reaction were tothat the diffusion and reaction of As atoms are more en-
proceed at the GaAs/oxide interface, the oxide layer wouldanced by heating than the decomposition of GaAs. The for-
possess a more uniform composition because both Ga oxideation of AsO; occurs by the following reactions:
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(i) 2As+30—As,0;, AH=-1403 kJ mol )] Therefore, the above results can be well explained by assum-
ing that GaO; retards the diffusion rates of the reacting spe-
(i) &As+iAs,05—As,0;, AH=-100 kJmol™. cies. Namely, once a thick @@, layer is formed, the Pt-
(8) enhanced oxidation does not proceed any more. It is also
) ) likely that the KOH oxide layer has a lower atomic density
The changes of enthalpy are estimated simply from the heghan the thermal oxide layer, which enhances the diffusion,
of formation. For reactiorii), As atoms react with oxygen ang consequently, after the heat treatment, the KOH oxide
atoms in the oxide layer that are injected from the Pt layer|ayer pecomes thicker than the thermal oxide layer. A similar
For reaction(ii), on the other hand, As atoms react with jpenomenon is observed for the Pt-enhanced oxidation of Si:
As,05, and consequently, the S layer is formed beneath e when the oxide layer formed before the Pt deposition has
the AsOs layer, in good agreement with the experimentaly |ow atomic density due to the presence of high amounts of
result. _ o ~ suboxide species, the increase in the oxide thickness caused
When A_§03 is formed near the I_DtIOX|_de interface, it is by the Pt-enhanced oxidation is larfe.
further oxidized to AgOs by the reaction with oxygen atoms  ~ after the Pt deposition, all the observed oxide peaks shift
injected from the Pt layer: by 0.4—0.7 eV toward the lower binding energy with respect
_ 1 to the substrate peaks. In the absence of the Pt overlayer,
AS03+20-As,05, AH=—768 kimol~.  (9) positive charges are accumulated in the oxide surface region
As,Os is likely to be formed only where the concentration of due to photoemission. The positive charges induce a poten-
oxygen atoms is sufficiently high. Namely, the concentratiortial drop across the oxide layer, shifting the oxide bands
of oxygen atoms in the oxide layer decreasing with the disdownward toward the oxide surface, and consequently, the
tance from the Pt/oxide interface may be another reason fatore levels of the oxide shift in the higher-binding-energy
the oxide structure in which A8s is above AgO,. direction. In the presence of the Pt overlayer, on the other
Ga atoms diffuse toward the Pt/oxide interface to soméhand, such a charge-up effect does not occur because the Pt
extent, and react with oxygen atoms that are injected fronfayer is earthed, and consequently, the oxide peaks are ob-
the Pt layer and diffuse in the oxide layer: served at the lower binding energy. The effect of final-state

L screening by electrons in the Pt layer may also contribute to
2Gat30—-Ga0;, H=-1837 kImol~.  (10)  the lower-energy shifts.

The oxide structure in which Ga oxide is located below As
oxide results from the lower diffusion rate of Ga atoms in the

oxide layer than that of As atoms. A Pt layer formed on the thin oxide-covered GaAs en-
The decomposition of GaAs may be caused by thehances the oxidation of GaAs. The heat treatment of the
following mechanism: since the oxide layer is thin initially, a (pt/thin oxide/GaA&100)) specimens at 200 °C in oxygen
small number of oxygen atom®r oxygen ions reach the increases the oxide thickness to 2.4—4.7 nm. The take-off-
oxide/GaAs interface, and the following reaction occurs:  angle—dependent XPS measurements show that the oxide
layer has a nonuniform layerlike structure, consisting of As
2GaAst 30-Ga0s+2As, AH=-1655 kJ/moTl.ll oxide, Ga oxide, and elemental As, and all the oxide compo-
(1D nents are present between the Pt layer and the GaAs sub-
This reaction is most likely because elemental As angdza strate. The diffusing species through the Pt layer is oxygen
are present near the GaAs substrate after the oxidation, asoms initially produced at the Pt surface. As atoms formed
described before. Due to the largely exothermic reactionby the decomposition of GaAs diffuse in the oxide layer
Ga-As bondgbond energy 1.7 eVare broken, forming As toward the oxide/Pt interface and react with oxygen atoms
and Ga atoms. Once these atoms are produced, the deconear the interface. Ga atoms do not diffuse far from the
position of GaAs is enhanced by the oxidation of these atom&aAs/oxide interface, and thus react with oxygen atoms in
[reactiong7)—(10)] because all the reactions are exothermic.the oxide bulk, which are injected from the Pt layer. Conse-
The thickness of the KOH oxide layer with the Pt film is quently, Ga oxide is formed below As oxide. It is suggested
~2.9 nm before the heat treatment, and it increases markedtyrat Ga oxide suppresses the diffusion of the reacting spe-
to ~4.7 nm after the heat treatment at 200 °C. On the othecies. The thermal oxide layer consists mainly of Ga oxide
hand, the thickness of the thermal oxide layer with the Pand hence the oxide thickness increases only slightly by the
film is ~1.6 nm before the heat treatment and it increases t@t-enhanced oxidation, while the thickness of the oxide layer
only ~2.4 nm by the heat treatment. The thermal oxide layeinitially formed in the KOH solution increases markedly be-
consists mainly of G#5, while the KOH oxide layer con- cause the oxide layer contains only a small amount of Ga
tains only a small amount of G@; [cf. Figs. 2e) and 1g)]. oxide.

V. CONCLUSIONS
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