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Optical Absorption in Ultrathin Silicon Oxide Film
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xThe Institute for Solid State Physics, The University of
Tokyo, Tanashi 188
**LSI Research and Developnent Laboratoryr Mitsubishi
Electric Corporation, Itani, Hyogo 66/y

The reflectance spectra of ultrathin thernally grown silicon oxide filns
with thickness in the range fron 6 to 18 nn were measured. in the vacuun
ultraviolet using s;rnchrotron orbital rad.iation. Fron the nodified Kraners-
Kronig analysi.s of these reflectance, it has been found. that the optical
absorption of silicon oxid.e filns below the optical absorption edge of fused
quartz becones appreciable with d.ecreasing oxide film thi-ckness or oxid.ation
tenperaturo.

1. Introd.uction
As a result of rapid. ad.vanees i-n the

nicrofabrication technologyr the thickness
of gate oxid.e filn used. in silicon based

netal-oxid.e-seniconductor fietd effect
transi-stor is now in the ord.er of 10 nm. In
such a caser the interfacial transition
layer is expected to give appreciable effect
on the chenical structures of gate oxid.e

filn. For this reasonr the chemical
structures near the SiO2/Si interface have

been stud.ied extensivelyl ). The optical
properties of silicon oxj-de have been

investig akd2-5) and those near the optical
absorption edge will be also influenced by

the interfacial transition layer. Ilowever,

the following two problens exist in these

previous studi-es: Firstly, thernally grown

si licon oxide fi 1ns used for the
transnittanee measurement was prepared by

removing substrate and is different in
structure from as grown oxide films.
Second.ly, the refractive index of the
thernally grown silieon oxide film nust be

different from that of fused quartz because

of the difference in the nethod of

s-B-1

fornation. fn ord.er to deternine the optical
constants of as grown silicon oxid.e filns,
refleetance neasurenent, which is
nondestructive neasurenent, was perforned
in the present stud.y. In ord.er to deternine

refractive index and extinction coefficientt
the effect of rnultiple reflection in the
sili-con oxide filn nust be considered
in the Kramers-Kronig analysis. As a

result of this analysis the optical
absorptlon in the ultrathin sllicon oxid.e

filn below the optical absorption ed.ge of
fusued quartz was found to depend on

the oxlde filn thickness or the oxidation
tenperaturo.

2.Experinental
The silicon oxi-d.e filns used. for the

measurenents were thernally grown on a p-
type silicon (tOO) surface in dry orygen at
800oC and. 105OoC. The neasurenents were

carried. out at the Bean Line 1 (BL-1 ) of
0.38 GeV SOR ring of fnstitute for Solid
State Physics by using a 1 n Seya-Nanioka
type monochronator j-n the photon energy
range fron /+ to 23 eV. The nonochronatic
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light, whi-ch was incident on the silicon
oxide filn with an incident angle of 10

d.egrees, was polarized. in the plane of the
incidence. The absolute values of
reflectance were determined so that the
refraetive index of thernally grown sil_icon
oxide filn in the photon energy range fron /*

to 4.5 eV was equal to that of fused quartz.

3. Results and Discussi-on

The solid lines in Fig. 1 are the
reflectance spectra measured for thermally
grown silieon oxide filns prepared at 1050oC

with oxide film thickness as a paraneter.
The broken lines in Fig. 1 indicate
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eurves calculated for each oxide filn
thickness by using the optical constants of
single crystalline silicon and fused
quar+,2?), According to this figure, the
neasured refleetance is always snal_ler than
the calculated one in the photon energy
range from 5 to 9 eV. Therefore, in this
photon energy range the optical properties
of thernally grown silicon oxide fil-ms must

be d.ifferent from those of fused quartz. In
the f o1lowi-ng, the discussion i-s mainly
focussed on the speetra in this photon
energy range.

fn order to clarify the dependence of
optical properties on the oxide film
thickness, the optical constants of
thernally grown silicon oxide films should
be deternined. The optical constants can be

d.eternined by including the additional_ tern
in the Kramers-Kronig relation, Thi_s

additional tern, which was introduced by
Lupashko et a1.6) arises fron a phase change

on reflection at the boundarys of a thin
silicon oxide fi1m. The phase change thus
deternined and the refleetance were conbined
to calculate the optical eonstants of
thernally grown silieon oxi.d.e films. The

photon energy dependences of the refraeti_ve
index thus deternined are shown by solid
li-nes in Flg. 2 for thernally grolrn silicon
oxide films prepared at 105OoC with oxid.e
filn thickness as a paraneter. The broken
l-ines are the photon energy depend.ence of
t4" refractive index of fused quartz. It is
f ound that the refractive ind.ex of the
sil-icon oxide filn is different from that of
fused quartz below the optical absorption
edge of the fused quartz especi.ally for thin
oxide fi1ms. With increasing oxide fiLn
thi ckne s s , the ref ra cti ve ind.ex of the
silicon oxide filn approaches to that of
fused quartz.

The solid and broken lines in Fig. 3
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Fig. 1 Measured refleetance spectra
of thermally grown silicon oxide
films are shown by the solid lines
with thickness of the oxi_de film as
a paraneter, while caluculated.
ref 1e ctance spe ctra us j-ng the
optical constants of single
crystalline silieon and fused quartz
are shown by broken lines. The oxide
filns used for the measurenents were
grolrn in dry oxygen at 1O5OoC.
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FIg. 2 Photon energy dependence of
ref ractive ind.ex shown by solid
lines is obtained fron nodified
Kraners-Kronig analysis of
reflectance shown in Fig. 1. Photon
energy depend.ence of refractive
ind.ex shom by broken lines is those
for fused quartz.

show the photon energy depend.ence of the
extinction coefficient of the oxid.e filns
and that of fused quart u2), respectively.
Here, the refractive indexes shown in Fig. 2

were used, to anal-yze.- - f-f, can Fe seen Trom

this figure that the extinction coefficient
of the oxid.e filn is larger than that of
fused quartz in the photon energy range

below the optical absorption edge of fused.

quartz. The extj-nction eoefficient of the
oxide film in this photon energy decreases

with increasing oxide filn thickness and

approaches to that for fused. quartz.
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Fig. 3 Photon energy depend.ence of
extinction coeffi-cient shown by
solid lines is obtained. fron
nodified Kraners-Kronig analysis of
refleetance shown in Fig. 1. Photon
energy dependence of extinction
coeffi-ci-ent shovm by broken lines is
those for fused quartz.

optical absorption coefficient of 6.9 nn

thick silicon oxide filn thernally grown at
8OOoC1 while the broken 1i-ne shows that of
5.0 nn thick sili-con oxid.e filn thernally
grolrn at 105OoC. The increase in the optical
absorption near the photon energy of 7.6 eV

nay be correlated with the existence of the

shallow bound. states 1-2 eV below the

cond.ucti-on-band ni-nin,m7). Furthernore, the

optical absorption at photon energy range

below the optical absorption edge of fused

quartz extends to louer photon energy than

7.6 eV with decreasing oxidation tenperature

fron 1o5ooc to 8o0oc.
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In Fig. /+ the solid line shows the
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Fig. /+ Photon energy d.ependence of
optical absorption coefficient for
oxide filns thermally grown at 800
and 1050oC is shown by solid and
broken Iiner respectively. An
enlarged. .figure for the photon
energy range fron 7 to 9 eV is also
shovnt.

l+. Conclusion

The reflectance spectra of ultrathin
thernally grown silicon oxid.e filns with
thickness in the range from 6 to 18 nn were

neasured in the vacuum ultraviolet. Fron the

nodified. Kramers-Kronig analysis of these

reflectance considering the nultiple
reflection in the oxide fi1n, the optical
absorption below the optical absorption edge

of fused. quartz becones appreciable with
decreasing oxide filn thickness or oxid.ation

tenperature. This increase in optical
absorption with deereasing the oxidation

tenperature nay be correlated with the
change in the strueture of i-nterfacial
transition 1ayer. The detail-s of the
analysis and the effect of exciton
absorptionS) on the present study will be

described el-sewhere.
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