S S O ¢

CHINESE JOURNAL OF SEMICONDUCTORS

H24 5 10 )
2003 4 10 H

Vol. 24, No. 10
Oct., 2003

Co 7£ Si(100) R LW M0 BB FLEMFER"
EPX O W' OB moER' e

(1 FTIEA A B S A5 D TR B, % 453002)

(2 HHICEN R 5 E e 5, Ly 200433)

WE: SRS N Muffire vin B0 25 VAL 70098 T 92 Co 77 BRALY Si( 100) 046 7 Wb . tH57 T Co
JSLF-AE A [ 5 OV 1A 2R AT i i 5 LW, Co JSUT 76 C A DY JEE A7) e e Bff e B0 L 76 Cof Si( 100) S 11 474E Co
Si T [ A L RS Y LR R B S I AT T WA

FBRIA: LSRN BN R (RRECRR AL i

PACC: 6820; 71ISF; 7320A
hESES: 0469 HRRIRED: A

1 31§

P T S H B AR L N, 4l Si 2 T
a9 4 S e JBR PR T 9% 52 B AT (K S L. e R
KA AL SRR A KA 45 1 A2 XUt R 4
ST T, HLE BT BLAT IR e L A 1 3 T
2R AR 2 v N {EL. NiSia F1 CoSip A& 2 AR
[ Si RIAMEA KR, BB EN B 5 Si AR
AR 45 RN R 1) A AR D BC. 1 CoSip MUAMAE 22 7E
i ek 7 T (FOBIF 9 8 8 A R B, PR A AT S8 1)
FIEFF CoSip Mk Si IR A ZE A4 A1 -2,

CoSip AME AT L =i R4 Co YIRRAE Si &I
B G R KR RAG. X T 42 i B oAE 2 SR R T
PRIV B, 1T T 1 1D e 210 B BP0 0 0% 17 ik 5 T
JFAH M B, S50 B ARE Co J2AE Si 2R 1L PH (1
FL T~ 8 R R T 45 K AT VA oYL b
Co JZWHL 45 S HUR Co RAMI, IF HAE Co/Si
FLHIAEAE Co Si V73 )2. Tsay!™ LAK Li Fl Wang! ® J
I 5Y Cof Si 2 45 (¥ Bk 1k % B0 Bk Bk k= %67 2 19 £
76159 Meyerheim' 7! 4% 3 1 A 9% Co/ Si( 100) S 1fi (17
TR, S Co 7% A Ak 27 Jig Tl FTAR K 4k PR Si
(100) (2 x 1) #1f1, 4 Co J5i-1~24 0. SML I, W B 71 )

]G AR R L B B B I H (HEHE S 0111051111)

fe A5 30 35,1965 A, F) A, AT 444 1 5 S () B W .

2002 10-20 3, 200302 11 5§

XEHS: 0253 4177(2003) 10- 1040-04

Sl o T AL (1 Si( 100) Z 0T DY EAL Ak, HLALIEA L T 7]
TR M O RN, Co J5UTRE 4l Si A
(1973 BRI Si 47 B A SCH] SRR 4 R 1) Muffine
tin BB ZEPELL A (TB-IMTO) 7538 100 SR i 4 5t
JIEAL, WF9E T 82 IML) Co J51-7E Si( 100) 2 11
B (1 B, 8 ) R 1P Joi.

2 AEFNFEE

TS g R B A i 1(a) B, 53¢
WKL 11, 12] A AL AHABL. 25 08 IML 1) Co J5L 17
Si( 100) 21 (Wb, I 13 A Si Ji 7 2 BRI, 16
FENE PR AW B— B2 Co 5T, IR A5 A2 T
5 NG R IR I LS 2, MR LAY B T R B
TR INEL 2 2 BE ) B (A2 T 9 N7 2 2
JEE) BEAT AR TH ST, 2 01 BT HUBE AL 5 B (1),

Co JiL 17 Si( 100) 2 1f1 A7 VU Ff ] & (WS BRAV 5
(B 1(b)), BITSAE A, B9ASRAL By (A7 T 28 DY 5 )2
(1) Si 7EIL R ) A Bo( 4 58 U2 Si R R
J7) AR DUBE£7 €. 1B Si i 4 F 40 B 10 1K B il Ay
Co J5U7~ 5 T 25 30T 415 W B 1 B A (A W0 G 1. o SR,
H & Co3d’ds® Fl Si3s”3p® [ v 1245, A A e
TURE.

©2003 ot [E Hy 12



10 fio A5 A%

Co 7 Si( 100) 22 [ 4 27 W PR f1 el - &5 He A vk 1041

v

O
da OF
o>

[

é

)

Pl 1 (a) Co 75 Si( 100) -4 [l W B (1) i 25 J5 Jd BE2E: () Co 11
WBR A R A By (A TP Si RS R ) B £
T Si AR R ) B AR 2R Co fETIAE
AN FIASE F DU A (P B A0 o e B B = A E =
AR S — O Y

Fig. 1 (a) Supercell for Co adsorption on Si( 100) sur
face: (b) Adsorption geometries The label A, By, B, and C
denote the adsorption sites for Co on the top site, two bridge
sites ( By with a 5i atom on the fourth atomic layer below it
and B,, with a Si atom on the second atomic layer below it)
and the fourfold site, respectively. Open circle, solid circle,
downtriangle, and uptriangle represent first, second, third

and fourth layer of Si, respectively.
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Table 1 Calculated total energy K\, of supercell versus verti-
cal distance d of adatoms from Si surfaces
g B3 A B B, C
d/nm 0. 0604 0. 0330 0.0325 0. 0200
Eal eV 3.509 1. 958 4. 094 0. 000
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Fig.2 Total energy E\, of Co/Si( 100) system versus ver-

tical distance d of adatoms from Si surfaces
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Table 2 Layer effective charges (in unit of electron) in unit

cell for clean and Co adsorbed suifaces

MR | RiEE | B BER | R
| sk
-0.73 0.12 0.03 0. 00
Co Wi T Cy i
- 0.07 -0.97 0.42 - 0.02 0. 00
Co Wi T Co fi
- 0.61 - 1.00 0.65 0.00 0.00

M 2 W] LU B, T a3, R E WA
RO RO B, X 3 B T 2 S 4 L
BRI RS RNk, aTUER, B R
FE T 012 ML K 2 FRZ T Co WP AR R
45 A 20 i 73, 5 AR BH  AH B, Co A1 €y
Co LI, 2250 9 2 K 25 0.24 1 0.27 L1 A
R, BRI R RN L T X T AE Co )



1042 o

5 3 24 4

MO OL T, Co Ji 7 5 Rl = Si Jt7 2%, 3G
L7 R HE R AR T RE N B2 R LS Sz i B H 2

bhaliyp i 2. 5 = 20 8] )2 1 R0l F 8L A
A2 W B 1 S Wi, 56 B AT i HRORSE 26 1 JEL R
FEE.

29 Si( 100) 1R R I 2 B &% K (LPDOS) 5

(100) A F LA BT X T4l 11 Si( 100) 7k & (&l 3
(a)), FLA 1T J2 AR 2 T J2 I P % 5 b 1R
AHHIRL R JE, 7RO e T B — 2RI (A)
IEEERER P P H, XK BT Si R HE, 1
:F'Li;q.—_ Si3p A& M TTHK, /N A Sids &L J— W E

RUE(B) HIRAE W OKAES N7 7.5eV &b 5 A g

W PR 44 2R 1) LPDOS Wi B 3 P, fig i HURE fi 5k *HJ:K B Iﬂ%-"‘—#%& A, FE R A Si3s &AM ok, b
324 AN, et E A POK e G b ( B rh LR T R) . 41K B Sidp A&, AR KR 1 2 A P A 06 ey B S P
ME AT LIRS, hin 2 MR &S IMIEA K.
AHI), 3tk AT BLE B BT AT HORE B X A 4L Co/ Si
[ stece| 5 ) 'i._ Ca ‘\A ) li_ Co @
[}b i 1 _.l_.qu L 0 A B -
.0 . 1 |- Surface -: 4 1F B
gl_&lhmfme 5 é’,' | B A é ]
. : - N e S 0
NS O B R R
(:_ iddle : GAAMW em}m
| 11 Middle 1» iddle
oL WY A - m ﬁ ";NM f"ﬂ

(=]

-12 -3 —4 0 4
EleV

-1

E h:V : EfeV

3 &l Si( 100) {4 R (a) & Co WP T C) f(b) Co i ¢) (1 LPDOS AT £ b W] (1 0% 2 A e 4, Bebd (1) LPDOS HI Hi 25 a0,

Fig. 3 Layer projected density of states for the systems of clean Si( 100) surface ( a), Co adsorbed Si( 100) swfaces for Co on

C, site (b) and C, site ( ¢)
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The vertical line indicates the Fermi level and the dashed line is the LPDOS for the bulk.
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Abstract: The adsorption of one monolayer Co atoms on an ideal Si (100) surface is studied by using the self consistent tight- binding linear

muffir-tin orbital method. Energies of adsorption systems of a Co atom on different sites are calculated. It is found that the adsorbed Co atoms

are more favorable on C site ( fourfold site) than on any other sites on Si( 100) surface and a mixed layer of Co and might exist at Co/ Si( 100)

interface. The charge transfer and the layer projected density of states are also studied.
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