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The relationship between the electronic structures of 1T thin films and their optical and electric properties has been inves-
tigated by using X-ray photoelectron spectroscopy (XPS) and bremsstrahlung isochromat spectroscopy (BIS). The spectra of
the state densities of valence and conduction bands cbtained from XPS and BIS are consistent with those calculated by DV-
Xa molecuiar orbital method. The state density of the conduction band obtained from BIS increased gradually above Ey. This
is related to high carrier mobility and high transparency in the short wavelength region of the ITO film. Curve fitting of the
0O1s XPS spectra revealed a peak at 531.1 eV embedded in the central part of the spectra. We propose that the oxygen atoms
having the binding energy of 531.1 eV to the tin ions which produce carrier electrons in the conduction bands.
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Fig. 1 XPS and BIS spectra of an ITO thin film (center), DOS
curves calculated using DV-Xa method (left) and
schematic energy band model (right).
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Fig. 2 Ols XPS spectra of commercial ITO films, not annealed,
oxidized at 600 °C and reduced at 400 °C.
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Fig.3 O1s XPS spectra of an In,0, sintered body before and
after surface cleaning by Ar sputtering.
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Fig. 4 Ols XPS spectra of a commercial ITO film oxidized at
600 °C before and after surface cleaning by Ar sputter-

ing.
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Table1 O1s peak intensities and binding energies analyzed with the curve fitting method.
Preparation cendition Phase Conductivity o B ¥
Commercial crystal excellent 1(530.3) 0.67 (531.1) 0.57 (332.1)
Reduced at400°C  crystal excellent 1(530.3) 0.82 (531.2) (.75 (332.3)
Oxydized at600°C  crystal excellent 1(530.2) 0.86 (530.9) 0.1 (532.2)
Prepared
Oy/Ar=(.071
T,=R.T. crystal insulator 1(530.3) - 0.25 (532.3)
Post-annealed
at150°C  crystal poor 1(530.2) - 0.25(532.3)
at300°C  crystal good 1(530.3) 022 (531.2) 0.20 (532.2)
7.=150°C crystal good 1 (530.3) 0,34 (531.7) 0.28 (532.7)
T.=300°C crystal good 1(530.2) 0.36 (531.0) 0.37 (532.1)
OyAr=0.017
r,=R.T. amorphous good 1(530.3) 0.14 (531.6) 0.75(532.2)
In;O;
sintered body crystal good 1(530.1) - 0.47 (532.0)
T.; Substrate Temperature.
() {b)
- i b30. 2
L) i [ : ' ‘7“‘i' e R et o ‘7‘ \'- L e
535 534 533 532 531 530 529 528 6535 534 533 632 531 530 529 528
Binding Energy (eV) Rinding Energy. (eV)
Fig. 5 Resulis of curve fitting analyses of Ols XPS specira. (2) Commercial film oxidized at 600 °C.
(b) rf-magnetron sputtered film. Substrate temperature was 300 °C.
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Table 2 Elgctric properties of commercial ITO films,

Uls . Conductivity Carrier  Mobility
Annealing :
Temperature atmosphere Density
(S/em) (Yo} (cm’/Vs)
Not annealed 6.8 X 10° 1.4 X 10* 31
400°C  Hy(H.+ N»)=0.02 13 x10° 1.6 X 10" 28
To=150°C 600 °C pure O, 24 %10 4.2 X 10% 33

300°C

Intensity (a.uw.)

535 534 533 532 531 530 520 528
Binding Fnergy {(eV)

Fig. 6 0ls XPS spectra of ITO films prepared by rf-mag-
netron sputtering. Substrate temperature was R.T., 150
°C and 300 °C.
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Fig.7 Ols XPS spectra of 1TO films prepared by rf-mag-
netron sputtering. Substrate temperature was R.T., and
post-annealed in air at 150 °C and 300 °C.

DALY, BRTHEHELZHEAREN Ty =—
M XPS ALY bRHEEE Lic (Fig. 7). 150°C TF =
A ULTEBEOARY MY 2 A0S 0 L IEER
FT, RMBIES, TRISEO RS M ABEITEN, L
AL, 300°C TF=— A L e, BiREE: B8
SHEBOEL LRI, o — 2 DERRAY, ¥
=271 dkic/z v, hEBOCMESER LR,
MEAHENCH LTiT o bR URETH—F 74 v 5
A FETFHE, EE—FES501MEOE —2 25306

eVHHENE — 7 it G AR E ok, LisLatf—2
BRESEMFRB T T T 7 7 AERETL 5303 eVIE
KETTLOTHID 6, JOMBO - s0r—2 %
DEEZDDIFARTS B, 22T, ANZ M-DOE
RBEEFZICEF AR~ — 2D — 7 WEE AR
THEOIREEMMLUTEINT2E, ¥¥—21315
OFSTRENB L Hich vk, FRIMB LA o
BEZ A 150°C TF =— 0 LSRR X 0 In0, e it i
Tt o yEAO=Z2BOY - BEDBRELR KD
T ZhE OREELCHE L. LsL, HEmsL
ekt £ 300°C TRA M = —A LB w1303 ~04
O EE OB IO Y — & 2 sl Bz, 300°C
THAE LR O 222 b Lic BT B 85E % Fig, 5
Hiad., TRHRE DAY — 7 OB BAREIC
ATINEVA, Y — Z A U BRI o TR
RN L RERTED, )
EDHEI S 17— OMBIIREICBE L5 b
EsTHR L. Zhiahiglilic k38t or
b (Table2) LBEESIFTEETZ, WA LLEBOE
SAREEEIL 6.8 X 10°S/em {[LIEHE, 1.5 X 107 'Qem) &
PERDBRE™ 1<, &4 U FHER 14 X 10%em*ic
HL T, Sl el v U 7B 16 X 10%em®
A LE, F+ Y 7RBFEFICEABLEShA 2 b
PRI L D bie b AR B, 8k X Y EE Sn o
BEMHEART B & &b iz@T IS X VR Ak L
THY VTEERERSERLEL NS, Bilic, B
LB TIEF v U T EHEREA L, 42X 10%m &2 o
Yoo B L7cSn BRI L A5 RN i B R i
HESBILTHr U THESMOSHTNE, Thb
B, BEEMS (BH horo—Adpr—rimEs
R (MR S¥3Libic, v FELRER B
&) ¥ EESnBEANK R, BEREILEEE
R (W) d¥3. pY—rmERHEATS L&,
EHASHREASR L TWE, Zhb b, B —2 1o,
HEEBLESHZ L D b b dNA 27 Min k-
TREENS WS L EREZLND, Snafdro—T
BEEETRHRCRETFT2 2 8 mbh Tin s e,
SnOM D O1s DFEE T RAF—3530.1 eV, SnO, Tt

—11 —



446 Pl E17TH Hem

5306 eVTHDZNE ™, BE—F [ Sn0% S0, & LTH
FLTW3HEOBEIZLDBDOTERN.

XPSY —7 DL2 7 h BT OMEREFA L L
T, BRHET v 2T Anbd",

E=E'+kg+ 2 & (3)
T TERR T i OBEOFBIEN ORI =R L& —
ENZERME L DR R ¥—, GiEEFiOEN, &
BIEZIRFIOBRIZTFET D RER BRI RIETR
F oL AOBHITH S, OOBESACBYIT
400t A T RIEELTHESN S vioHF v
FEIELTWA, IR &S TEAT DL, 328445
RADTERRIENKE s THEg AL~ A
L, {27 b ES2 SR ERD, BN IOL
SR TE LM, ELKSnOEREEEX LRIz
DNWTHE—ZBRE L Xy ) TEELORERRALA
Pizkh, XodiaeBmnctEsLiifing,

4 % & &

XPS & BIS O A~ hAZB 7 o A IBHTORNT
B EH L iEEHOBEE2R L, Ar Ry vy 7
35eVEARY, XBBREEOMNEBICL v HEbRIEL
FRE S Uiz, B T4 LEOREE E iR SR T
REFh, ELOBBERNIWILERLTHWD, —
H, EEBCREFESRTBSrREBREEL, Fv
V7EFOBCBEELSL5E b2, Buskein-Moss
Shift 4 L TEREBTOERLE25 2TV, 4T
EHER LAREESHERNEERERS L, i
BFHZ 02p A, R IR InSs BT A 2 LEHAL
fiol

O1sXPS 27 b A-BHIEL, HERRAHEESLTERLR
R AF—HOE— s RREHEBR S iokBEORE
Lk BLOTHLZ LRI, £, BRESNE
R LB —T 74 v T4 Y FRTHT, REOOE —
3L VBRI FETAZ L2 RWE L, ZhX
BEPHIZHEBLTE Y VT EEATHWS S A T2,
T DR ES A O —FEE5311eVIRY T R E

(1996)

FTB e LR L,
X om

1) A W BRELDE, 6, 20 (1992).

2) W.A. Harrison: “Electronic Structure and the Properties
of Solids” (W.H. Freeman and Company, San Francisco,
1980); /NEERE, NEFIT, IHEHGEZ AR, “B&EOE
FHES e AT, 1983) &, p 38,

3) BEHAEZ, EHF JF:zma—EIIvsRIME),S
{1996).

4) J.C.C. Fan and 1.B. Goodenough: I. Appl. Phys. 48, 3524
{1977).

5y AL Nelson and H. Aharoni: J. Vae, Sci, Technol. AS, 231
{1987).

6) T.L. Barr and Y.L. Liu: I. Phys. Chem. Solids 50, 657
(1989).

7) T.Ishida, H. Kobayashi and Y. Nakato: J. Appl. Phys. 73,
4344 (1993),

8) |IRZ, A
BRTE

9) 1. Hamberg and C.G. Grangvist:J. Appl. Phys., 60, R123
(1986).

10} H. Késtlin, R, Jost and W. Lems: Phys. Status Solidi {a)29,
87 (1975).

11) C. Satoko, M. Tsukada and H. Adachi: J. Phys. Soc. Ipn. 43,
1333 (1978).

12) F.8, Galasso: “Structure and Properties of Inorganic Sclids”
{(Pergamon Press, Oxford); INBEREL, RUMR R “EM
TrA T Iy s AORRILE (7R
&=, 19843

13) LE. Moulder, W.F. Stickle, P.E. Sobol and K. D. Bomben:
“Handbook of X-ray Photoelectron Spectroscopy”, ed. by J.
Chastain (Perkin-Elemer Co., Eden Prairie, MN, 1992).

14) 1, Kojima and M. Kurahashi: J. Electron Spectrosc. Relat,
Phenom. 42, 177 (1987).

15) S. Ishibashi, Y. Higuchi, Y. Ota and K. Nakamura: I. Vac.
Sci. Technol. A8, 1403 (1990).

16) Y. Shigesato, 8. Takaki and T. Haranoh: J. Appl. Phys.
71,3356 (1992).

17) D. Briggs and M. P. Seah: “Practical Surface Analysis by
Auger and X-ray Photoelectron Spectroscopy” {John Wiley
& Sons, Sussex); & EE—, EXE—ER, “FEhiahm
b (7 R AL, 1990) p. 122,

W, B, PnER, Lo



