JAERI- M
9769

BeO % & U'SiC ) # T 1k 1 &
B FHXPS AX s b

19814%#10H

HR OM-EAKR AT

B % B F N W R M
Japan Atomic Energy Research Institute



CoiiEEy . BAET RS JAERIM v — R X LT, AEMIZHTL T b
FRMEETT. AT, TE,M P A b, HERBEFAMEREATISHRT (KRR
Mip IR A ) AT, BEHL 2L (230w,

JAERI-M reports, issued irregularly, describe the results of research works carried out
in JAERI. Inquiries about the availability of reports and their repreduction should be
addressed to Division of Technical Information, Japan Atomi¢ Energy Research Institute,

Tokai-mura, Naka-gun, Ibaraki-ken, Japan.



JAERI—-M 9769

Be OB LUSICORFRELMEFE
XPSa~7 b

B &S T T R R A R L FE
B e ARAS '

(19814F10H 5 HE#)

Wuruizite O BeO B LU a —S5iC & Zinc—blende D 8 —SiCwxd 2 7K
24, DV—XaAFHEETHEL HETFHXPS RS VOB &7 -7 772
5 — & LTWurntzite #iciz (Be,0,1,[814Cy). Zinc—blende BTt [SisCyl™™
ZERB L

BeO Ti2 7 Dt & —H T 2 WEFH LB 2570, 7, a—-51CKD0T
FREEHUESRGT B L~ BENE S L7, $51, a—- SICOMEFHXPS A
Ny B —SICOEREBEIL, RAR< PLE SRFE—HERT CLOHEDO
Hize L L, SiEFOEPWECHAZUZExFDH LN (a—5iC T+ 156,
B—SiC T+ 075), e—-SiCOAE»RA £ iEGDL DhsNHETHEAZ %2 H
5T L,



JAERI-M 9769

Electronic Structures and Valence Band XPS Spectra of

BeO and SiC Calculated by Xo Cluster Method
Takeshi SOGA and Teikichi A. SASAKI

Division of Chemistry,

Tokai Research Establishment, JAERI
(Received October 5, 1981)

The DV-Xo cluster method has been applied for calculations of the
electronic structures and for analysis of valence band XPS spectra of
Be0, 0-SiC (Wurutzite type) and B-SiC (Zinc-blende type). Clusters
studied are [Be404] for Be0, and [81404] and [Si5C4]0'75+ for u-5icC
and B-5iC, respectively. The calculation for BeO has yielded the
electronic level structure characteristic of an insulating material.

For @-5iC and R-S$iC the level structures can be related well with their
semiconducting behavior. The calculated XPS spectrum of 0-SiC is very
similler to that of B-SiC and is in good agreement with the observed one.
However, the effective charge on Si atom in ¢~-S5iC obtained is about twice
that in R-SiC (a~SiC : +1.56, B-S8iC : +0.75). The marked difference

indicates that 0-SiC is a material more ionic than B-5iC.

Keywords : Be(O, 6-%iC, B-S5iC, Photoelectron Spectra, Electronic Structures,

Valence Band XPS Spectra
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31 RMFHERE

Table 2, 3 BXU4ic (BeO.J, [SiiCyl, [S1sC %P7 7 AF DT,
7 L3 MR @O FEE & 0¥ —, overlap population ¥ LT atomic orbital
component 5%, BHOT A ¥ K4 e 1, HOMO ( highest-occupied MO) @
EAERICED, ChaEBEB T, F2Table 5, 6 XU T, £ MO (molecular
orbital) @ overlap population #39, 25, [BeO.J, [Si.C.), [SisC0™
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Be - QiR EEHERT.
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WML EMTHEL b s,
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" 18a,~12b;
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KT 5oL, SROBEELS D
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BELTV, Libl, n—0DEREDS LTEHET EE, St &COFMREOEELT L
B, 22 TS LCORYMEDEMENS L BEL I, nOEERLSHTEH
B, nOECH LTSI OFBHE4L4 70y b 5&Fig, 90X D15, BRI OfE
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JAERI—-M 08769

celf —consistent 72ff (n=1075) Tk 3, Fig. 9 TUHLHOT A VvF—Fr v 7
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39 MMFHXPSZARI ML
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{Bl7oXPS %=y b AakRT, 312, 3 13&B0T, iR FEE Si—COFEERAD
R kD, 3OEHB LI, ThICEELTXPS AR FATH RN TE 2 K
EBr—7i3C2s 2 Sids HEEFCLATFGNELALET, 7oz LA D E- 27K
#HC2p LSiIpHHEETOFFHED SN S0
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BeO D LUMO (2 E# &1, HOMOE#£AETH O, #EOHERIELL, Wi D Ao
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Table 1 Crystal lattice parameters and bond length .

Compound Lattice parameters Bond length
a, (A) Co XA (A)
BeO 2. 698 4. 380 1656
o -5iC 3076 5 048 1. 889
& —SiC 4,348 — 2174

Table 2 Relative MO energies, overlap populalions and orbital
components around the Fermi level of the [Si,Cy]
cluster. (The energy are referred to the HOMO.)

ag; Cveriap Orbital components
MO popuiation Beg Or Beg O
feV) Ba-0 2s 2p 2s 2p 2s 2p 25 2p
2a; 12.06 0002 98 2
Ss 11,30 0.003 98 2
1104 10.3¢ 0.002 18 19 15 42 6
Be 8.96 -0.007 50 45 2 1 2
(LUMO)10go _ _ 9.33_-0005 4418 _____12.24 | ___
(HOMO} 90y 0.00 0018 3 62 1 34
Ta -0.19 0018 3 10 83
iz =-0.32 0.002 98
66 -0.75 0.001 2 2 96
5e -1.19 0.063 t I8 6 64
4e - 1.84° 0.084 6 4 52 a7
80, -1.83 0070 5 4 2 15 75

Ta, =-2.32 0044 3 6 129 3 4 1 54
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Fig.3 [(Bed0.J and r31:Cal clusters of the Csv
| symmetry.
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Fig. 4 [ SisC.J™" cluster of the T symmetry.
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Binding energy (V)

Calculated XPS spectrum of ®—35iC .




