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Changes of X-ray Photoelectron Spectra for Oxides by lon Sputtering

Satoshi HASHIMOTO, Kichinosuke HIROKAWA, Yasuo FUKUDA, Ken-ichi Suzuki, Toshiko SUZUKI,
Noriaki Usuki, Norio GENNAIL, Shizuo YOSHIDA, Mitsuru KoDA, Hiroshi SEZAKI,
Hiroshi HoRIE, Akihiro TANAKA and Takashi OHTSUBO

Synopsis :

Round-robin experiments have been performed in order to establish the correction of binding energy shift
of XPS spectra in oxides by the chargeup which results from the radiation of X-rays or ion sputtering and
to determine the criteria for the change of chemical state by Ar ion sputtering. Samples of Al;03, SiOz,
MgO, TiO, and NiO, in plate and powder form, were used for the experiments. We determined that the
difference in energy between the Al2p (Si2p or Mgls) line and the O Is line gives a better correction of
the measurements of the binding energy shift of Al;O3 (SiO; or MgO) than that between the Al2p (SiZ2p or
Mg 1s) line and the C 1s line. After Ar ion sputtering, TiOz and NiO are reduced and damage is induced in
the case of Al,Os and SiO., while MgO remains stable, as examined using the binding energy and FWHM of
XPS spectra. We revealed that the changes caused by ion sputtering of oxides depend on the change of
free formation enthalpy and the ionicity. We also showed that both plate and powder samples are useful as
standards for determining the binding energy from XPS spectra.

Key words : XPS (X-ray Photoelectron Spectroscopy) ; binding energy; charge up; sputtering; round-
robin ; chemical state ; oxide.

MOLE-f 0 (XPS) IKEESHT, XPS E&B5HT, —

1. #&
H AR Sk 50 155 2 46 R AR 55 2% Skl 00 A 8 &% KR 43 #7 /N2

il

KA A RN (SIMS)IC X B RKH ) DI b,
XPS REGHTICET A AERRERIET LD TH .

B4, 2OMENREY T&ROKHESHTOBUK L3R
BV L LT TICEE L. ARCEHERROR
“Ho—EoOFME (A Ry ¥ ) T, F—
v BEN%E: (AES) w &M, AES IKEES#HT, X

AT 5 EEERIC L, B H SRS~ NKK &
SBEF, NGB, (FAE)E BB, 2 ~v 2 BT,
HY &RBIEERE, TNVN9 27 740 7T5WASML
7-.

SERE 34E 2 B 27 B3t (Received Feb. 27, 1991)

*  NKK 2£885F2:7F (Steel Research Center, NKK Corporation, 1-1 Minamiwatarida-cho Kawasaki-ku Kawasaki 210)
*2 gk KSR EFZEFT L (Institute for Materials Research, Tohoku University)

*3 BRI ET T Bt (Research Institute of Electronics, Shizuoka University)

%4 3 H AL (M) Vs A7 (Advanced Materials & Technology Research Laboratories, Nippon Steel Corp.)
*5 )| BLEE (BE) 04T - M7 £ ~ # — (Analysis and Material Science Research Center, Kawasaki Steel Corp.)
*6 (LR AR T2 () Sk IFeT (Iron & Steel Research Laboratories, Sumitomo Metal Industries, Ltd.)

*7 (BR)a~ v a®HF T8 (KOBELCO Research Institute, INC.)

*8 ARSI () UL ZEAT (Central Research Laboratory, Daido Steel Co., Ltd.)

*9  H HB%E (KR) EkZERT  T1¥ (Steel R & D Laboratories, Nisshin Steel Co., Ltd.)

*10 [ 74 E kk) B &Hi%eFT (Metallurgical Research Laboratory, Hitachi Metals Ltd.)

*11 J N ETFEE () P8I ~ ¥ — (Semiconductor Research Lab., Kyushu Electronic Metal Co., Ltd.)

*¥12 7Ny 77 7 4 (KR)

T8 (ULVAC-PHI Incorporated)

*13 (3) A A8 % T (The Japan Iron & Steel Federation)

— 149 —



150 B &

& 78 4E (1992) £ 1 &

XPS (X-ray Photoelectron Spectroscopy) T i, X
MOMIFHZ L > THB L DB ENLHETDARY b
W b RENATIES HILEDIFENHFETH S, 51
AT ANF—DfLF S 7 b kAT EDOTEOILS 4
Aflk?éﬁ‘?ﬁt’égéf W, XPS KBS OWEELRE

FAHFHEE LTS T ET MBS IATYS. ]

WENLHBETOESHZANF— (E) BXDLESH 2
E - (I
E,=hv—Eg— @-roreeerrenrrniii, (1)

TITC AR XBOIIVF—, Eg ITEOKS
IANF—, ¢ fEFEEHTHS.

XPS Cib# v 7 b2 b ikEd koL & X, Kax
ANF—DFREEEICRET S I L PEETHS. iF
R TIHREEE OV L LAY HSEWELR 7 = v 3 #Ef]
ERRETHIENTESL, L L, FEERRBEYT
7 2 W IEEMDINY FE Y » THIZH B0, 7o
SN EFIANF OB HICTHI LR LY, 7,
MW Tid X BB X o TRBF A0 S Tk
BEHPEOBMICF+y—TV 7 v 74500, BEF
K= 527 35, HAHwiE, REOHERILRPIESH
FISHTT BBRICA A L 208 ¥ ) v xfTd &, AHHA
i/b_ibﬁfﬁiﬁ“f‘«“—‘/'f’/ftjt 2T ¥ — 7 2@k

IVIMNT B . CDEIBRF =TT v THELHEE,
%E@ﬁ%mf@m* JERT S Cls ¥— 2 % 285.0
eV ELTHDE -2 2HIET A &I Tbh
. ZHICHL, F1HoRERPFEICBNT Cls
REIANF—FHOTHIET S L34 TLLEET
ELWI LB N

AW LTAF 280 5y o 3 5L, Higko
Fa—TT v FWEBE—2 YT I HBELBLETTE
<, BBERBIIEBILOELEIDL D 5. Bl 213,
MoOs Tid Ar 1 4V 289 %) v 72 X o TEEEDHR
L GRITTEN, MoOy, DI HNS Z LA H bR T
WBI ZDAF AN Z ) Y TICEBBILICOWT
i3, K 63 2 Kewy 2 12X 9B 2 .00 h %

DRSO NT VDY, BILEAELLREAELR
WERAZ X 5 THDPNREDH T 5B s AT
7\,

PlbTil~<7z& 912, BB v Tiz XPS 272
bwwm%/7bkiof%®m”%Q&€%%%T%
CENHELEYH D, & TREMEMIE TR, &5
WA BT 3 % XPS @& % v 3l o B b el st
(Al,03, SiO,, MgO, TiO,, Ni0) ® XPS A% h V%

WEL, BELANVF—O@EETRFT LA 7,
Ar A+ 2 22855 %) U 72 X A b o REL bt e

D& BARTHELZON, REZEILOEL 5Z0HE]
EEMTHLOPICOWTHRE L. 7, EBED
XPS T CRARDOFE & VB D — i1 Td % 25,
ALY AR DG E IR DI E DO N FH W B2 720

BARRKABEH D2 b5, 22 CRESH AESE
AR LT, BREE LRkl L Tl X ) LE s
HELBDONPIZOWTHHbETHRETL 7.

2. % B

2-1 #EM

AREEBRTME L 22U B ALO; 0 (001) T, 4%
Ah SiO,, HAE & MgO @ (100) 1 3 &5 &, TiO, ®(100)
WAL 22HCREE & SR SEE L & Ni0 %
Kalk & 270 BOREEHE B HTTICE A L C 20
TEWEML, BARREHE NS BT Ph L
WCHAE LT & L 72,
22 EBREE
HFEEBRIZSML - KT TRV S/ XPS #&
% Table 1 IZ/RT. FREFNDOHEH 122\ T Table
2IRLIREFE—22BELL. O, Ar 1 #
ANy ZN) T RIS, Cls ¥— 7 AL L
TERBTFE— 2 DI ANF—BLUTRENS—EIC kD
FCHUMEL. A+ 29 %) 7 O&MH% Table 3
IR,

3. BRPLIUER
BALIEE 2 A4 > 289 %) v R T o BRICAED

Table 1. Instruments used for the round-robin.

Laboratory Model Analyzer Source

B VG-ESCA3 Mark I Hemispherical AlKa
C Kratos Model ES-300 Hemispherical AlKe
D VG-ESCA Lab 5 Hemispherical AlKe
E VG-ESCA3 Mark I Hemispherical AlKa
F PHI-550E CMA MgKe
I PHI-5300 Hemispherical AlKa
K PHI-5400MC Hemispherical AlKa
Table 2. Measured XPS lines.

Sample Al;O3 SiO; MgO TiOg NiO
XPS Al 2p Si2p Mgls Ti 2p NiZ2p
spectra O1ls Ols Ols Ols O1ls

Cls Cls Cls Cls Cls
MgKLL

Table 3. Accelerating voltage for Ar ion sput-
tering.

Laboratory B C D E F I K

Accelerating voltage (kV) 5 5 3 10
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Fig. 1. Change of Al2p and Ti2p, XPS spectra
for Al,O; TiO, plates, respectively, as a function
of Ar ion sputtering time.

Table 4. Binding energy of Al 2p in Al,O3 plate(a),
Ar ion sputtering.

TiO, W BT A ¥ — 7 EIROE LI Ar 1 + Y IZ X A&
LD HEEZONA. ALO IKBITAE—27 7 M,
Ols k&% Al2p DHEFE— 27 LRI T LT
WABIEND, AF VAN FILEBLF Y=V T v 7D
HEEIOND, AF Ry I Y TITEDHIDX
5 €= BROZER, WTROSHFTICE W THIE
0% -y /E’:)Fh.f’

3-1 Fy—-TI7vTORMIE

Ar 14 v 2089 7Y v 7R 4T o THRIREDAL
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EHEERE L.

B CHE SN A ¥ R85 ¥ 7 %47 Hi
@ Al2p, Si2p, Mgls D& = W F— % Table 4 (2
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D7 PRSI, KB ETRE - TWA. Fig
2(a), (b) &, WK ALO; ¥ A ¥y ¥ ) v 7 LIZBED
Al2p %= 5 U2 Cls, O1s DFEH T A& N F—-OELDR
FERLAEDBDOTHE (GHHT C). &A%y FEHIC
5 Al2p & Ols BELWUAIZp & Cls L DHEFTH
WE—-OE (ZANF—3%) % Fig. 2(c) (IR L7 Al
2p & Ols E DI FINF—EE A8y FREHAHML T
HLITEAETILL TV RWIZh 22b 5T, Al2p & C
s LD FNVF—FERHBDORICY 1) 7T 5eV
FENE L, 2ok ElERL.

LFTCHISE L oMK AlLO; WWB17 % Al2p & Ols &
ODIFINFEF—EIINFTH Al2p & Cls DT AN F—
EOBR % Fig 3(a) KR L 7. EEICHIK SiO,,
MgO 2 BT A T AV F—2ZOMMHE (Ols-SiZp (A
% Cls-Si2p, Mgls-Ols (23t 3 % Mgls-Cls) #
Fig. 3(b), (c) 2R ¥. ¥— % 0¥, Al,03 T 31,
Si0, T 41, MgO T 31 TH »7:. AlO3 DT ANV F—
EDESD &, Cls-Al2p A% 6eV FETH D DTN
L, Ols-Al2p Tid 1eV BE LSV EPHLMT
» 5. [k Si0, TH Cls-Si2p At 4eV RETH S
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B0 EA/NE .

Si 2p in SiO, and plate(b), Mg 1s in MgO plate(c) before

Laboratory B C D E 1 I K Reference
B. E. of Al 2p (eV) 77.0 79.5 81.3 78.4 78.7 78.1 — 74.79
B. E. of Si2p (eV) 103.5 106.8 109.4 106.0 108.4 106.5 — 103.87
B. E. of Mg1s (eV) 1317.9 1311.0 1310.0 1309.5 — 1310.1 1311.7 1304.39
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Fig. 2. Change of binding energy of Al,O; plate
as a function of Ar ion sputtering time.
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Fig. 3. Binding energy difference between Cls
and Al2p (or Si2p, Mgls) lines of Al,O, plate (a)
(or SiO, plate (b), MgO plate (c)) as a function of
that between for Ols and Al2p (or Si2p, Mgls)
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Fig. 4. Binding energy difference between Ols
and Al 2p (or Si2p, Mgls) lines of Al,O5 plate (a)
(or SiO, plate (b), MgO plate (¢)) at each labora-
tory.
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Fig. 5. Binding energy difference between Cls
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Fig. 8. Increase in FWHM of Al 2p in Al,Oj3 plate
before and after Ar ion sputtering as a function of
primary ion energy.
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