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We have succeeded in forming qrelatively thick silicon oxide layer 4 - 5nm in thickness between the metal

overlayer and the Si substrate at temperatures below 300C using the catalytic activity of the platinum (ft) layer.

A thin chemical oxide layer is formed, a Pt layer is deposited, and then the specimens are heated at temperatures

below 300C. The thin chemical oxide layer effectively prevents the silicide formation and the outdiffusion of Si

atoms.

l.Introduction

Low temperature catalytic oxidation of Si has been

extensively studied using noble metals,r-3) transition metals,3'4)

and alkali metals.5-7) When noble metals or transition metals

are deposited on clean Si surfaces, outdiffusion of Si atoms

through the metal layer occurs because of the interaction of

Si atoms with metal atoms, and consequently, a silicon oxide

layer is formed on the metal surface even at room tempera-

ture.ra) The deposition of alkali metals on the Si surface also

enables the Si oxidation at room temperature.s-7) However,

moderate temperature heating at -600C is necessary to re-

move alkali metals,T) which greatly degrade the electrical char-

acteristics of MOS devices. Moreover, the thickness of the

oxide layer formed by sub-monolayer alkali metals is up to

-lnp,s-7) too thin for the application to MOS devices.

In the present study, we have developed a new method

for forming relatively thick oxide layers 4 - 5nm in thickness

between the Si substrate and the metal layer at temperatures

below 300C using the catalytic activity of the platinum (Pt)

layer.

2. Bxperiments

n-type Si(100) wafers with a resistivity of -l O cm

were cut into I X I cm2 pieces, washed chemically, and etched

in a l%o HF solution. Then, a thin chemical oxide layer was

formed by immersing the Si wafers either in boiled HNO" or

in amixed solution ofHCl' Hrq : HrO= I : I : 5. The o^iO"

layers formed in these solutions are hereafter called the HNO,

oxide and the HCI oxide, respectively. A -Snm-thick Pt layer

was deposited on the oxide surface by electron beam evapo-
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ration. The specimens thus produced were heated in an elec-

trical furnace at temperatures below 300C for lh in oxygen.

X-ray photoelectron spectroscopic (XPS) spectra were

measured using an Ulvac-Phi model 5500 spectrometer with

a monochromatized Al Ka radiation source or a Shimadzu

ESCA 1000 spectrometer with an Mg Ka radiation source.

Photoelectrons were collected in the surface-normal direc-

tion.

3. Results

Figure I shows the XPS spectra in the Si 2p region.

Doublet peaks were due to Si 2pro and2prrlevels of the Si

substrate and a broad peak in the higher energy region was

due to silicon oxide. For spectrum (a), the Si wafers were

immersed in HNO, and no Pt was deposited. The thickness of
the silicon oxide layer was estimated to be 1.2nm from the

ratio of the areal intensity of the oxide Si 2p peak to that of
the substrate Si 2p peaks. For spectrum (b), the chemical ox-

ide-covered Si surface was heated at 300C for th in oxygen.

The intensity of the oxide peak did not change. For spectrum

(c), a Pt layer was deposited on the chemical oxide-covered

Si substrate and the specimen was heated at 300C in oxygen.

The intensity of the oxide peak increased markedly, and the

oxide thickness was estimated to be 4.6nm. For spectrum

(d), Pt was deposited directly on the HF-etched Si substrate.

In this case, additional peaks appeared atO.7 and l.5eY and

are attributed to SirPt and SiPt, respectively.t) These results

clearly show that the thin chemical oxide layer effectively

prevents the silicide formation.

Figure 2 shows the high resolution cross-sectional

TEM micrograph of the specimen with the <R/HNO. chemi-
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Fig. I XPS spectra in the Si 2p region: (a) for the <chemi-

cal oxide/Si(100)>; (b) after heating specimen (a) at 300C;

(c) for the <Pt/chemical oxide/Si(100)> after heating at 300

C in oxygen; (d) for the <Pt/Si(100)>

Fig. 2 TEM micro graph for the <Pt/chemical oxide/S i ( I 00)>

after heating at 300C in oxygen

cal oxide/Si(100)> structure after the heat treatment at 300C

in oxygen. It is clearly seen that the oxide layer is present

between the Pt film and the Si substrate, and the thickness is

4 - 5 nm, in good agreement with that estimated from the

XPS spectrum (spectrum (c) in Fig.l).
Figure 3 shows the thickness of the oxide layers for

the <Pt/silicon oxide/Si(100)> specimens as a function of the

heating temperature. The thickness of the oxide layer formed

in HNO, with no Pt layer is shown by the dashed line for

comparison, and it is seen that the oxide thickness was al-

most unchanged by the heat treatments up to 300C. In the

presence of the Pt overlayerron the otherhand, the oxide thick-

ness was increased markedly by the low temperature heating.

The rate of the increase in the thickness of the HCI oxide
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Fig. 3 Thickness of the oxide layers for the <Pt/chemical

oxide/Si(100)> vs. the heating temperature. The chemical

oxide layers were formed in the following solutions: (a) HNO.;

(b) HCI + HrO, + t!O.

layer was larger than that of the HNO. layer when the heat

treatment was carried out below 200C. Both the oxide thick-

nesses became almost identical after heating at 300C.

4. Discussion

In the present study, a thin chemical oxide layer is

formed before the deposition of the Pt layer. This chemical

oxide layer effectively prevents the direct contact of the Pt

layer with the Si substrate, and hence no silicide is formed at

the interface. In the previous studies on the low temperature

oxidation promoted by noble metalsr'2)or transitior flietals,3'a)

on other hand, the metals are deposited directly on.the Si sur-

face. The interaction of metal atoms with the Si substrate

forms Si atoms in the metallic state, and these Si atoms dif-
fuse to the metal surface. Therefore, in the presence of oxy-

gen molecules in the atmosphere, oxidation proceeds even at

room temperature, resulting in the formation of an oxide layer

on the metal surface.ra)The thin chemical oxide layer formed

before the Pt deposition prevents the interaction between Pt

and Si, and hence, no silicon oxide layer is formed on the Pt

layer, evident from the TEM micrograph (Fig. 2). The ab-

sence of the oxide layer on the Pt surface is also supported by

synchrotron radiation UPS measurements using l40eV inci-

dent photons, i.e., Si 2p photoelectron kinetic energy of -40eV
that no Si 2p signal was observed because of the short mean

free path of the photoelectrons (-0.4nmq). Instead, the thick-

ness of the oxide layer between the Si substrate and the Pt

layer increases by the catalytic activity of the Pt overlayer.
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It is well known that oxygen is adsorbed dissociatively oxide layen, the oxide thickness does not depend on the kinds
on the Pt surface at room temperature.rr', There probably ex- of the chemical oxide layers.

ists an equilibrium between oxygen molecules in the gas phase,

oxygen atoms at the Pt surface, and oxygen atoms in the Pt 5. Conclusion
bulk. Therefore, in the presence of the large amount ofoxy-
gen molecules in the gas phase, a considerable amount of Pt-enhanced oxidation ofSi is studied using XpS and

oxygen atoms diffuse into the Pt bulk. A part of oxygen at- TEM. The thin chemical oxide layer formed before the Pt
oms in the Pt layer are injected into the silicon oxide layer, deposition effectively prevents the silicide formation. After
diffuse to the oxide/Si interface, and react with the Si sub- the het treatment ofthe <Ptlchemical oxide/Si(100)> speci-

strate there. Namely, the diffusing species tlrough the ft layer mens at'300t in oxygen, the thickness of rhe oxide layer
and the silicon oxide layer is oxygen atoms. If the diffusing increases to 4 - 5nm. The diffusion rate of oxidizing species

species in the oxide layer were Si atoms, they would react in the oxide layer depends on the kinds of the chemical oxide
with Pt at the Pt/oxide interface, forming platinum silicide. layers.

XPS measurements for the specimens with the <Pt/chemical
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