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Reduction of Interface States of MOS Structure
Using Photo-CYD SiOz Film by Fz Treatment
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Department of Electrical Engineerirg,
Faculty of Engineering Science,

Osaka University, Toyonaka, Osaka 560, Japan

A new process, F2 treatment' for the reduction of the Si-SiO2 interface
state density has been developed. 58 F2 gas diluted in He was introduced
into the CVD chamber at 2OPa for 5 minutes just before deposition of SiO2
film. The minimum value of the interface state density is about 5x1O9cm-2
eV-1 at the Si mid gap for the film deposited at 18ooc. IR-ATR measurement
shows that Si-H bond at the interface decreases by T2 treatment at the
substrate temperature lower than 2O0oC.

1. Introduction
Recently, considerable attention has been

gathered on the low-temperature process for
the production of ULSf devices. The
fabrication of damage-free MOS structure is a

key technology for the semiconductor devices.
We have made a series of systematic studies
about SiO2 film growth by photo-CVD using
vacuum ultraviolet (VUV) Iight.l-3) th. good

quality SiO2 films having very low interface
state density have been obtained by this
photo-CVDr but less interface state density
is needed to improve device performance of
the integrated devices. The Si substrates
should be clean just before the deposition in
order to obtain the good interface. Heating

of Si substrates in high vacuum at high
Lemperature is conventionally used to make

the surface c1ean, but this process needs

high temperature more than 8OOoC. Therefore,

chemical process for surface cleaning is
desirable instead of the high temperature
treatment. Fluorine (FZ) gas is expected to
remove contaminants on the Si substrate,
however, is stable under circumstances

s-B-9

without water or hydroxyl and so suppresses

contaminants produced from the chamber wall.
Therefore, we introduced F2 gas for the
cleaning before the deposition and tried to
improve the interfacial property. In this
paper, we presenL the method to reduce the
interface state density and characterization
of the interface using infrared reflection.

2. FiIm growth and electrical property
n-Si(100) wafer of O.4f,lcm was used to make

a MOS structure. The wafer was cleaned up by

conventional organic solvent and the mixture
of sulfuric and nitric acids to remove
organic and metallic contaminants. Thin
oxide on the wafer was etched off by 252 HF

diluted with pure water, and the wafer was

rinsed in ultrapure water. It was confirmed
from Auger electron spectroscopy measurement

that the obtained Si surface treated by the
HF has no carbon, oxygen nor fluorine signal.
So the wafer surface is considered to be

clean enough before setting into the CVD

chamber.

The apparatus for the photo-CVD was almost
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the same as the previous repott.2) A D2 lamp

(Hamamatsu Photonics L1835) was used as an

excitation tight source and set on the top of
the chamber. Si2H6 and 02 were used as
source gases. The chamber was evacuated to
1x1O-3pa by a turbo-molecular pump before the
deposition. The 5B F2 gas diluted with He

was bl-own against the Si wafer for 5 min. at
2OPa just before the film deposition. F, has

absorption band in the wavelength region
between 200 and 3OOnm. A Xe short arc lamp

has strong radiation in this W light region,
and so was horizontally directed to the space

just above the substrate from outside of the
chamber during the F2 treatment. Then, the
chamber was evacuated again down to 1x1O-3P..

SiO2 films were deposited at 25-3OOoC. The

deposition rate was L2nm/min in the
deposition at room temperature and L5nmr/min

at 18OoC. The refractive indices of the
films deposited at LOO-28OoC were about L.45.
These values had no change by the Ez

treatment. AI dot electrodes were evaporated

on the deposited SiO2 film for the MOS

diodes. Ttre interface state density, Nss,

was measured by DLTS method.

Figure L shows the substrate temperature

dependence of the minimurn N=" near the Si mid

gap for the films without the F2 treatment,
with the F2 treatment and with the F2

treatment under the W irradiation. Ttre N==

for the film deposited at 14OoC without the
F2 treatment and that with the FZ treatment

without the UV irradiation are more than
1o11cm-2ev-1. The N"" was remarkably reduced

by the FZ treatment and more reduced by the

"Z 
treatment under the irradiation of UV

light. The minimum N"" is about 5x109cm-2

eV-1 and is the Iowest in the Si-SiO2
interfaces made of the CVD SiO2 films. In
the low temperature region less than 24OoC,

the E2 treatment is effective to reduce the

Nss, but this reduction effect decreases with
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Fig.1 Substrate temperature dependence of
the minimum interface state density near
the Si nid gap for the films without the F2
treatment, with the F2 treatment and with
the F2 treatment under W irradiation.

the increase of the substrate temperature and

disappears at 28OoC. It is considered from
these results that the reduction effect is
related to the amount of adsorbed species
such as FZ or H2O on Si. This reduction
saturates when the treatment time r^/as more

than L minute. Ttre SiO2 thickness measured

by ellipsometory, changed litt1e by exposing

to the same atmosphere for t hour.

3. Characterization by Infrared Spectroscopy

3-1 . Infrared transmission spectroscopy
Figure 2 shows the infrared transmittance

spectra of the filrns deposited on semi-
insutating Si wafers at i-8OoC with and
without the FZ treatment. No difference can

be found between these two spectra. The

absorption peaks of Si-F bondings are not
foundr .because totaL amount of the residual
fluorines is quite smal-l even if it was as

large as the number of interface silicon
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Fig.2. Infrared transmittance spectra of
the fiLms deposited at 180oc with and
without the F2 treatment.

atoms. Ttre residual fluorine estimated by X-

ray photoelectron spectroscopy (XpS) are

corresponding to almost a monolayer on the Si

surface. But ,its binding energy is higher
than that of SiF- or SiFr- Iike spe"ies.4)

3-2 IR-ATR spectroscopy

Infrared attenuated total reflection (fn-
ATR ) , in other words multiple internal
reflection (utn1, was used considerably for
studies on si surface".5-7) rn-atn gives
detailed information of number, position and

direction of atomic bonds of adsorbates on

surface Si. Si substrate used for IR-ATR was

Si (111) wafer of 1.0mm thick, 3.0cm long and

1.Ocm wide with 45o bevels at each of the
short sides, and its resistivity was more

than lOOOOcn. The infrared radiation is
normally incident on the bevel and is
internally reflected 29 times by the surface.
The Si wafer is transparent in wavenumber

region from 15oOcm-1 to 4O0Ocm-1 and incident
angle is larger than the critical angle when

SiO2 film is deposited on the substrate or
not. IR spectra were measured by a fourier
transformation spectrometer (Japan spectro-

scopic Co.r Ltd. FT/IR-3).

Figure 3 shows IR-ATR spectra of Si-H stre-
tching vibrations for chemically oxidized Si

and HF etched Si. Short vertical l-ines are

the calculated frequencies of various vib-
rational modes reported by Burro*".S) t, M',
D and T correspond to coupled monohydride,

isolated monohydride, isolated dihydride and

isolated trihydride, respectively. ATR

spectra for the oxidized Si have litt1e
absorption peaks of the Si-H bonds over the
Si surface. After removal of thin oxide by

fluoric acidr the Si-H peaks appeared. A

sharp peak at 2085 
"*-1 

is considered to be

highly polarized normal to the surface
because it is observed in the p-polarized
spectra, but not in the s-polarized. Burrows

showed also the existence of dihydride which

can not be observed in Fig. 3, and suggests

that the surface is microscopically rough.

In our case, the surface of the substrate
seems to be rather rrflatrr because of little
dihydride that can exist only on.defects or
steps.

Figure 4 shows IR-ATR spectra of Si-H
stretching vibrations for the Si-SiO2 inter-
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Fig.4. IR-ATR spectra of silicon-hydrogen
stretching vibrations for Si-SiO2 interface.
prepared without the F2 treatment and with
the F2 treatment at Ts=160oC.

face prepared with and without the F, treat-
ment. Many absorptions indicate that a small
quantity of hydrogen 'bonded to the surface
Si, still remains at the Si-SiO2 interface.
The spectrum for the sample without the F2

treatment has a peak pointed by an arrow.
Ttris peak is considered to be monohydride aL

the interface, but disappears in the spectrum

for that with the F2 treatment. Many kinds

of absorption peaks in 2O5O-23OOcm-1 are
categorized into four regions. The absorp-

tion in 22OO-23OOcm-1, which is not shown in
Fig. 4, is hydrogen in amorphous SiO2 layer.
The absorption in 2O5O-21OOcm-1 is considered

to be the monohydride, and 21OO-2160cm-1 to
be the dihydride and trihydride. The absorp-

tion in 2L6O-22OOcm-1 is estimated to be Si-H

bonded to one or two o*yg...7) Every hydride

signal except that in 2L6O-22OOcm-1 decreases

with increase of the substrate temperature,

Ts. OnIy the signals in 2O5O-21OOcm-1

decreased by the F2 treatment and the
difference between those with and without the

treatment, decreases with increase of Ts.

From these results, it is considered that the
decrease of the hydrogen is closely reLated

to the decrease of the interface state

density, but'this is inconsistent to the fact
that the hydrogen passivation reduces the
interface states. Therefore, it is
considered that the F2 treatrnent forms a

Iarge number of t.ight Si-O bondsr but not
weak and impure bonds at the interface.

4. Summary

The interface state density, Nss, of Si-
SiOz structure made from SiO2 filrn deposited
by photo-CVD, has been reduced by the FZ

treatment and its minimum value is about
5x109cm-2 "V-1. The N"" reduction by the FZ

treatment becomes ineffective with the
increase of the substrate temperature and is
not observed above 24OoC. IR-ATR has been

measured to characterize atomic bonds on the
Si surface and the Si-Si02 interface.
Silicon monohydrides decrease by the Fz

treatment and are considered to be closely
related to the N"" reduction.
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