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The change in thickness of native oxide layer on the polycrystal silicon surfaces exposed to the air after 22%
NH,F aqueous solution treatment was measured using chemical shift spectra of X-ray photoelectron spectroscopy
(XPS). The exposure time is for three years after HF cleaning. The growth of native oxide layer was found to obey
logarithmic law between the exposure time and the oxide layer thickness. It was also found that the oxidation rate
of the NH4F aqueous solution treated surfaces was slower than those of non-treated surfaces. The surface layer
thickness less than 1 nm was successfully determined by means of high-resolution Rutherford backscattering
spectroscopy (HRBS), and the native oxide layer held in the air for 3 years was determined as 0.59 nm. The
determined value 0.56 nm by XPS spectra was in good agreement with that obtained by HRBS, indicating that the
thickness measurement by means of XPS spectra was a very useful method the evaluation of oxide layers on the

polycrystal silicon surfaces.
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Fig.1 Si 2p standard spectra of (a) oxide layer of
single crystal silicon surfaces and (b) sputtered clean

surfaces of single crystal silicon.
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Fig.2 Deconvoluted Si 2p spectra of polycrystal

silicon exposed to the air for a week after silicon

deposition.

WIZFig3 DL D IeBREICEB{LBDOSH 5K
WEFEZ D, BLEEIH—T, BERV VYV avk
BLIEOREIIRF LT FEE 21
ThHdELE, TNTNOBEIZILUTOXTE X
B B[S

BRI 708

SERFDBER Y 7 57 B AL BEE T

oxide_ layer V

Si

Fig.3 A specimen model of oxide layer on

silicon substrate.
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Fig.4 Change in Si 2p spectra of
polycrystal silicon by the exposure time

to the air.

Table 1 XPS binding energies for the specimens
exposed to the air after 22% NH,F aqueous

solution cleaning.

the time exposed to Binding energy (eV)

the air Cls 01ls Si 2p Si 2p
. (oxide layer) (substrate)
after HF cleaning 2854 5324 993
2 hours 285.1 532.7 994
4 hours 285.2 5323 994
8 hours 285.1 5321 99.4
24 hours 285.2 5324 103.2 993
48 hours 2854 5325 103.2 993
96 hours 285.3 532.6 103.1 993
168 hours (1 week) 285.0 5324 102.9 993
720 hours (1 month) 285.1 532.3 103.0 993
26280 hours (3 years)  285.3 532.5 103.1 99.0

Fig.4 IZ KRB IR 2 B X 7o 38D Si2p A
I MVER LT, SRR ) I ERD LD Si2p

-221-

WA HE

3EHDEAEAR Y = K E R BRERE

v—27 (Ey=993eV) DEI X —FEILEAXTH
R LTe, BRI OBEICFE > TE L L7z Si2p
DY — 7 (Ep=103.0 eV)DB ML TV HEFNR
b,

100 — T T T T
80@}"@"©"-© 1 day
Ky
2 sof W 1 week 1
] @-
s . ©-e. 1 month
= @ @® Si (metal) @ 3 years
: o o0 A
2 40/ ¢
kS o> )
r O——OSi{oxide) -~ -
24 -7

21l n siarrh NN B REETY
10? 10° 104 10°
Exposure time (hrs)

Fig.S XPS relative intensity of polycrystal
silicon surfaces as a function of the

exposure time to the air.
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Fig.6 C 1s and O 1s spectra of the polycrystal
silicon exposed to the air for (a) one month and

(b) three years
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Table 2 Native oxide layer thickness on the

specimens calculated by equation (3).

the time exposed to lox.”Ime Thickness
the air {nm)
after HF cleaning 0.0000 0.00
2 hours 0.0000 0.00
4 hours 0.0000 0.00
8 hours 0.0000 0.00
24 hours 0.0164 0.05
48 hours 0.0523 0.14
96 hours 0.0653 0.18
168 hours {1 week) 0.1014 0.27
720 hours (1 month) 0.1440 0.38
26280 hours (3 years) 0.2170 0.56
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Fig.7 Native oxide layer thickness on
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Fig.8 Observed and simulated HRBS energy
spectrum of polycrystal silicon exposed to the

air for three years.
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Fig.9 Multi-layer structure obtained by
simulating HRBS spectrum of polycrystal

silicon exposed to the air for three years.
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ELRTWVWEBLEZLNET, SENREDL LA,
FMIZiZbn»nn /A,

—HRAZ ) T o DEEEIE, VD BIdBEE L
VYA ERIGTEEINE T, T ITBELEE
FEMRNMIER T HEREICREINET, 0F Y,
BeR+ IR S eV B RER (LIRS, B SR
{LIREDREFIERIZRY $9,

EE]

READ H0 OF/EIZEY . A A AL LB
FROYLEL L, T D%, HReZB{b2EITEE20
TEHRVWNEBZTBYET, KRFICHKELT:
BEHZIOWT, EZTRENIEE 205 45%, R
T EBVETS,

HEHE - —FMEE (BHHD

ERNRERD D LHEKRVIRI T, BEMmE
+o LB LET,

ROBHE SHICFHELIHBR IZE0,
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1) MEIS #ff- CTRE % FH M 55a. B
BENLECRENERBVET, ZOLEDEE
HEDLIIREENIZDOTL X Db

Ez=3

Si & O ENEFNDEFEEE AV TERFHRK
e bHE LEL,Si02 £ LT 1.730 g/lem3 &
BRELELE, REDEE 2.22 glem® % AV =55
&, 3SEMBESN-ABOREELEIX. =56
WHELHEIN, 046nm LD FT,
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2) MEIS TOFHEICIE, RE5HRE & BLIKE
D_EREZRELEEHVET, DL &FR
BOMEN EORELIFMENTZDOTL X Db
ERFOREICESIBRBE S 1L XPS OFR
EFBIEXRVDOTL X 9,

[(EE]
REFRBZBEIIIFFMLERATLE,
ERCRT DI, (FRBOMESZHEICHD

VERHY ET,

XPS OIEERIZE TIE, Si2p ARSI hLDH
ZFALTCEHLTRBY, REBLEBOKE, B
BIoLoRWZ bz LTHWEYT, £ T,
SE.XPS TOERBICE T AL EEREE
THEBLEEATLE,

HRBS TIRREFREY C £ O TRLELE,
Yialb—vaVvENEART MLERIES R
TRART MNWEDT 4T 4 v THRENLELR
7mCEOEDEENRLB 20, FTOROEE
A L727glemd E RN FE LTz, ROONT-EED
0.56 nm % 2T - BALEEIL, 9.67X10° glem?
Tlic, ZOENEED, WENICERDOHSHE
EEZTBNET,

REIZ, VY aVBHLB DA L Rsk. BEIC
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WA EE

SELHDERRZ Y = KT BB IEEANTE

LFoTELYET , HRBS ¢ ab— 350
BHE. KFIL FHEICIEEA LTS LA,
FBEIIRELELEY, SEOHETIE. HE
ANTRYEFFATLIEOTEENEKLITE
RERA, REEREDERIZIERELZRET 7=
DI, REBEFEZIMAIC L CTERICIBET 5508
BEERVET,



