ALz '
Bug By ¥ 5 4k ¥ W® vol. 11, No. 2
1990 %4 2 § CHINESE JOURNAL OF SEMICONDUCTORS Feb., 1990

Si(100)-As FEEHLfEFFETH

FRX ITAX* ® B FERF
(FENZRYSAHRFMERREYRLEE)
1988 45 12 A 28 B H|

FIHEDHHNRES TARACAENRE? RSB ETHS Si(100)-As £FH
- BIMEAER. ASGE—FIERT As BR Si BEARITOMMAE, FHFERPRT si(00)-
As FHOARH LR, LRIV FNRNBRREN 0.5 LEFE, B i REHLFE A
RFEMERKAERD—¥. B, BRRMSHHES TR, i(100)-As RV 5.
CEEARBE 5.6 X107, LRy Si(100) RE/A—PHESR. Si KEL A H’J%ﬁ:ﬂi.ﬁﬁ% S
BEraBsgss A KFN Ei?fé! ?ﬁﬁﬁ&ﬁ%[ﬁ%&

I $iC100)-As T SSAE , LIS BT 2
—. gl =

I Si R EAK GaAs MIEAEI M ERE FRHEREE TEAERER—AK
Fr BB FRTRRSER, WHSHEAMRAER. FERDHHS THINE (MBE)
MEBAALF EF (MOCVD) fydidk Kl B IRBAY GaAs/Si (100) #h%, s
H AR B RO RBTRALLZE ST (100) KT F 4 FHIME GaAs MEEFIME A K
MEEFREZN, N ASERWAEEREERAEN. AT, EORAELEEAE
FEER, I GaAs/Si RRZRRKE KR, MR 2Ry B AT AEES. £ Si(100) &
R HE LR Gahs I, ST HAZHCH O, HFHHEAMNTE Y NI T SNE
BIRR. AW, ABOR Si(100) XEEEZET—E As B, R Si(100)-As &
EREB AR CR O, HRFHTE, B THMEAD, LREE Si FIMNEEK GaAs
R, BEIM As EREEENE Si 5 As BFREEW Ga FFE, WA
Si(100) W EBRERR—E As BT, HXNGEE T EEE, 5T EYRE.

RIOGEBFRMEXTRHA—E As FHF Si(100) EEEREL, RESCAH
O SROETT, As BRMIFAOSME. o0, RIE—FSHRT Si(100)-As BEH
AR AR, BB NESR TASRETNHEEAER. HEREISE As 2
By Si(100) RERERMKER AL, EE R LRI T As Bk,

* WEREERBLTEA.



2 4 o ERRE: Si(100)—As B IEARIRRH 105

Lk

RATFABECHEIRE A MBE REHRH %ﬁ%&ﬁﬁi% BESERIE 1 By

HEMTE

FAhhEE,

1 REMTEREHIUREE

F(REERRESER 7)), BEET
FRENITENR LB &S, ITERE
\QMS, LEED A1 AES REHRE, I
A 1000°C Dl L EBRGEEMBEEZE AU
AL AT A0 B D RMIHIR SR, R
ERRANEBR, HER-AEEHY TR
TR, TEAEBWES, AR
(PBN) HHRNEH®L (6N) As FTHK.

Sl S wELA WESNE 4 K B9 RHEED 1

OMS SIEEE. FER (A T
R R, TR T RAE
i b R —— BB R (8
e AR,
%ﬁ%ﬁﬁ%ﬁﬁmﬁmﬁﬁﬁﬂ;%
BIERAEER, HITERTEFRAR.
%%Jﬁ%m,ﬁ*ﬁﬁ?lsxmﬂ%ﬁ
2. TRFERHR :

SioBES: (10X 10 X 0.4 mm’) %%ﬁﬁ

P IAREL, FLBE Y 1000Q-cm, I &

GO [100] MR . JEHCERB BEY
i S TEEESEEREE (RHSRI M
) ey M B BERA SR, W

—~dib
1 I T 1T 1
| OGoseV)

As(1228eV)

_. 272eV b). ‘ifw ‘ .
’Lﬂw 505eV. (X5)
(© . W

gy

=

-

1y

%'ta
_ ] 1 N B2
0 100 300 -. 500 1200
N . BB T FAEEV)

Bz @i ERuEEAER S (100) REMR

PR (2) RbEAET () BUERE,  (¢) BR
R iAs T, FIRIEEREAE 1N R 40LE
VIR EHEFE: () B As By () HALR



106 . : .3 =1 7.3 & 1) _ 11 &

BEERZE 2 X 107 4B LT, #F Si WRE#EAT 850°CHN 15 4y 4h b B, AT BRI E ¥4
SEREATEIE S1(100)-(2 x 1) HHEE. &2 i () R (b) HPFFHROEE
JG MBS, REGE (b) EARETE C(KLL, 272¢V) F1 O(KLL, 505eV) %, Si
(LVV, 92¢V) BiREEMN Si RIER. AREEN Si #ERER As 2. W8
[BEEH 600°C, 7E As JEH 5 X 107 #6/ Ase BRI F M As +480E 3] Si(100)-As
%7, 7 RHEED 1 LEED WI£ZibER % 2 X 1 4544, AES & ERELENET N
BE As & (LMM, 1228¢V), W& 2 RBEKIE (c) FrR. £ LR ERE600C)
Rz As BgMET, Si(100) REWEZE 1 MAEFE As, XEB Mitsuo Kawabe
=Y | |

AT HATLRER, FERE L A B T # sy Si(100) REMEZ As Bay Si(100)-
As EEPHTERHNE. B2 (99.999%) Bt kERSBMES BBASFED: &
R S L EUHINS 65 X 10L(IL = 1046 - B). BELEF, RE KRR SR
MELE, XHRKETFRERBOE FRETOED. SIS hRES RS RERE
SigEfBREET, TESRDELMTRD TRRE LK. E8 R0 B
RERE L BESH R ESE, EERETT 2 X 107 i AES UE. B
Bt (U R 84728 (OPC-105 &I, Riber AT 4:7) MK, 76 AES WErh, A%
W, TR B RIRA R BRI s i 53 524 1500 ¢V I 3 wA, BUAHBAZRAIE SR ER 5 V,

= B RERA

1.C %1 O, WEEBES
CFIE OMS RNHFRSEHEERSE CHELY (CO, CO) RV
) C, BREIEX Cih15IR, fE BT 8
& 1 =T T P iR B e T I L8 C S R T O
: HHEm. B2d4 (b)) f1 (c) 4
FIREERBERER As BEAR
ISR R, BREICH
O, XEUFEEEST | /N Fn
WOLERBEBESE, si(100) REW
wmEkE (d) hEFAHBH C RO
g, 1f0 Si(100)-As KT AR EKIL
1 (@ hECE, RERAKKELE &
4 (@) REE OB THZ—. L
u-lwf ‘:;’ ' 1.(’\3 J LRMEI, EIER Si(100) FH
 WBERW) ) VOELX 0T HEASET S+ 4
S Bh, AES ELERMBERH CE,
B3 O, [{ Si(100) 1 Si(100)-As REHEEANORR Eﬁ#ﬁ@fﬁm?; Ry Si(100)-

&&iﬂﬁ‘%ﬁ@ﬂi;&ﬁ. BHER T (230 /NEDMRE Si(100) %
E>H35R 11 (RAVAE) X5 Si(100)-As BERRBH - As RETBRE/NT 3848 458

60 = 1:Sit100)

404~

11:5i(100)- As

PUERAD, (18R




ZE BRRE: Sﬁwmmﬁﬁﬁﬁﬁkﬁmﬁﬂ&m 107

A AES JUH C!U% ﬁ—-ﬂ‘rf’i Si(100) FREULHH C A S L Si(100)-As FEA K
368, WTHRORMERER-THRES. UTSRENERM AR HEBHER: £
AKKERER (4~5L) T, Si(100) REEWHM TH (B 34k D; T Si(100)-
As RE,EHRERAT 20 L NAHERM (& 3 thsk 11).

DEZERESUHET As ERIBIFAOMLE. ‘ﬁ‘éﬁmﬁﬁ%— C, O, %%‘:JEMH%E Si i@
L. As WS LIERAE S THRIME GaAs/Si B EENERK TERREFEEN. AT
R g AR M AR ﬁ#ﬁ%ﬁ,ﬁﬁﬁﬁei&?&aﬁbﬂﬁﬁﬁﬁm Si(100) FKE LER As E‘:

2. M

Si(100) 0 Si(100)-As FFRFERE WM LW REKE (KLL, 505¢V) BE A 5
CRBELAALE3THILME R I KRR, BE3EY, SFMXERMENR
BRIESEENTLER—, BEKE LIMHEEIIR ) WHREARKHEERAH,
BiZE 1 PRI RE A I KR, Gi) WX Bt BERFEEXNEEK, g
#1 1 HRRIX A7 E 4514 100—800 L #1400—2000 L, (iii) gigk IF diiafiX g ik
EEREELS 1 —¥ (2R AES MIRHERE LROVHELS% 051, BR, As H
ZEEE Si(100) EHPWARKEERD T —F. REAESERSHENNERTF
WKEL, —&INA Si REERMZIEAXNERR 0, A—MBEETE (IML). 4
f Si(111) o Si(100) ERIEMEEER

1t

6% #H IMLESO, T Ak SHhE O

vl::SSI

| E(m GaAs(110) ) WBMBEZEDE
Pl Si REEAREMSE™, RIHK
Bigchy Si(100)-As EHGWMMERRE "] psew
05~ GARTTDAME 3 sk 11 Fnhsk 1
7E TR 4b 4TS B k(A B3 25 0.51)T
B3] 054 = 0.5 ML, M4REIK 1 ik
1 B RE k& EHEBRA.
L. hESHT—KWRE SO
e RE 0 RSRRKENE ot
B h RIEH, TRER—AHEEENN

P
T

._._...‘Q Y
T it 3
il

e — e e . ri— S—
—

*ﬁmg& Ssi mSSi ~As

6 B TR R
8 m_(hl)/hllr)el 10-—5{] 1
frh 6, HRAKMWEEE CHE A% N R

0 ; . = [ ) *
BEA ko). HEMEREL SCO) &@&T"j‘ﬁ:f} B4 Si(100) EBEMEAWMEWANK S5 (S
FRHWEER LR R, BAHETRE 88D & Si(100)-As ZEMRRENE AR
5. $SI-A (g, sk 1L) BEAERS B 6 myIAL

d9 40
NG -° X - = (.97 ——
(9= 29,(2) - P(e)ds

ﬁ¢§ﬁPHMXKﬂ,%ﬁEmfw)ﬁ,ﬁﬁﬁﬁﬁﬁﬁﬁiﬁﬁﬁﬁiﬁﬁ%%
%, HEFAAAL v~ 348 X 104 HF/cat - L. No BRRRERTEE. WT



ww % 8% & % @  u#

© Si(100) T, N, = 6.76 X 10%/cm?, Si(100)-As RELEHWAMT si(100) B, 4
Si EFRM—A As BT, HEEnEEREFHES si(100) @HR. E4RR S
(100) AT Si(100)-As FifhHEOERMEHABSHENEZREOWXAR, ATETHL
L, ERRMBIATHEY EERe. 0EXNY 6/6,, BRTHRMERE LSRR TE
ESRERKCESE K. B As B $i(100)-As REAARMEREREHEA
fT05EsE, RATEREE T HEEORIAR 5%, BRAE As By si(100) FE L
SR B AT T ARDFIRS, TR E 4 FUEIR | Frk AR ¢ SHEERR 6 KX
RAERLRE, RAHTRORTARMEENIEHM AR S, W Ranke HAY,
keim %5 A™%f] Andriamanantenasoa 2 \"URIEHEY ST 4524 0.18,0.09 R10.06, ifu
BAMBER S5 =005, Dl EROFERBERFR (100) TR Si & Lugs sl
. BR,RIAUIRBSEREFHEFEED, 5EEEE. XHARBTURRE,
MREEA ¢ SRERMEBEEAXD. piRE (191, [10)) FELE Si REBEH
Art B FEITEE IR AR, R RE SRR, TN T R0 B @S S5 X K
XFEE ([11]) REEH SRS A LR PRORE, MEHAR/IN S¥. 55, NE
Bl F AN R A SRR 5% B 2 2 Bl Ak i AR X AMRIEE, A 3000 100 L (| 3 ghsR 1D, 1 [91Fn
[10] X#R45H124 20 L #1165 L, FHrbik/h, BIDFHAREERREFXERBORTE
=— 2. - :

UL w

o OEE—E As BT Si(100)-As REAREHRERAR R UM R ERR O 0
A (e(E 4 i 1) £AESE As B Si(100) (& 4 R D A%, TREREN
RIXE (0<1,0<06,) MKHRBINK NAEELE. REEDRERKHB (0 i
0 —>0.4) Bb, 8574 S 4 /h— MRS, HAMEHRBELERNXIRE©>1,0>0,),
XA RN A BRI EE. ERWARKN BN, BT As BIOALERES
$i(100)-As FHEB I EREER/N, BIET S5, 4 Si(100)-As REHARK E
AR P E AR AR HRIE, XNBS Si(100) EEMREER—#,
B IR DR M H— B b T 9k gk AT R, BRI TR M R BB R

#= 1
L = | wEmmx R B R | xcq O
# W | (L) & 6,(ML) M S L s
- 81(100)-As 400 _ 0.5 O s.e%a07 ;}\
Si(100) 100 | 1 ' 5.0%10- *

%1500 T Si(1003-As & Si(100) MMEEHARKEESE AL, BA, &
T As BRRAME, EERRTEHAARMG BOREERNA (4001), MET
B H AR ST, WA AR T A BB R R 0, BEBEAKRRLS T,



T V.

\(‘\.

2 : WK Si(100)—As FZEtLIERRMER 109

Ubrberg % AN™B52 T As JERRZE Si(100) LRURESEH, B A8t R HLR
MBS LRI, MR, Si(100)-As~(2 X 1) REEEHRE As—As —Hik
(dimer) %514,10H 5 iR, &4 As R
FEHA i BEFRBI—N=BME
As [FFERE. AR As HTPHE=
BN, B SAE NN A. 1 Si(100)
FHEEHRBRZEA (dimer) &R,
(B Si JRFRMEXK, RE Si K
FRE-TBEE.BR Si(100)-AsHk
WA As-As "SRG HMAELUTES
Si(100) xiHE, ERXWAFRHEET
REFEEAMEERE, Si(100) FE i
W As BJE,As BTN SBRT
F# S RFRBRE. R SI(1000-As g5 5. 100)-As 2ty As-As R RBeOTHE
FEEIEEREN, As BEABAAM  BRLELLERTR As BFS0EER Si BF. @ik
re. FSFSURHE Si BT R mfAd (LA X% $f)

LERTFLUAMEREEABRKE Si(100)-As REE, BRIRIIEAEBL A
®. EERBEEREBER, BRIMABRE S Bk, Si(100)-As RHEHAOE AR %
& 69M =05 ML, BRRHr BRE Si(100) FAY—¥ (63 = IML). XX
BETEIL BEFEIZRA As-As HR—AMERMELE, BIX—% As KF (E5
BT As BEF)RM—ANEETF. EH As-As “RMAKg@K (2558) Bip As-
Si HEk (2.44A) Bk, HiNz As-As @ AHEE B As-Si @, mh%wﬁﬁw
RATREATRE = BALEY As-As SRF SHE TR, BR—FFREW: As-0-As, KR
~ e, T Si(100)-As WEBH LA BLIE B Tt 7 Bt — 3 il LEED ﬁw%ﬁ@fﬁﬁ
IR 5B A Al e

B2, AXFEHELT As &;ﬁfﬁk@bfh'f’ﬁﬁiﬂﬁ?&#ﬁlﬁﬁﬂ:?’ 0, MC%EEE. B
9T T Si(100)-As HEENERM R, BRI E ¥ 0B, Si(100)-As KH
WEARAEEE 05 ST 05 METE, £ Si(100) REN—¥,0 As BNEE, 5
Si(100) FHEAALLE:, BRMAL BRD T—¥, AN E5 SRR M ER AR, ¥
B RABEE T — R 4,854 2056 X 107, As BRSERRBT St RTFHA
@A R As BFSARIEARE, 98 REAFELE KRS,

B 2 S RS SRS T A 2809 &, s R,

£ # X MW

[1] W. L Wang, Appl. Phys, Letz, 48, 1145(1984).
{2] 8. Sakai, T. Soga, M. Takeyasu and M. Vmeno, 4ppl. Phys. Les, 48, 413(1986).

[3] M. Akiyama, Y. Kawarada and K. Kaminshi, J. Cryss Growsh, 68, 21{1984).

[ 4] Hisashi Shichijo, J. W. Lee, Will V. Mclevige and A. H. Taddiken, IEEE Eleciron Device Lerz, EDL-8,

121(1987).



110 ¥ 8 &k ¥ B 1n.%

[5] R. L. G. Vhrberg, R. D. Bringans, R. Z. Bacbrach and John E. Northrup, Phys. Rev. Lew., 56, 520(1986).
{ 6] Mitsuo Kawabe, Toshio Veda and Hidetoshi Takasugi, Jpn. J. of Appl. Phys, 26, Lll4.(1987).
[7] %, HARMESHA, 1,135(1987),

{871 A. Ishizaka, K. Nakagawa and Y. Shirki, in *“Proc. 2and Intern. MBE Symp.”, Tokye, 183(1982).
[9] W. Ranke and Y. R. Xing, Swrf. Sci., 157, 353(1985).

[10] E. G. Keim, L. Wolterbeek and A. Van Silfhour, Surf. Sci., 180, 565(1987).

[11] 1. Andriamanantenasoa, J. P. Lacharme and C. A. Sébenne, J. Vae. Sei. Technol, A5, 902(1987).

[121 H. Ibach, K. Horn, R. Dorn and H:. Luth, Surf Sci, 38, 433(1973),

[13] R. Dorn; H. Luth and G. J. Russell, Pkys. Rev., B10, 5049(1974).

[14] Joel A. Appelbaum and D. R. Hamann, Swrf. Sci, T4, 21(1978).

{15] D. J. Chadi, J. Vac. Sci. Tecknol, 16. 1290(1979).

Passivation Effect and Oxygen Adsorption of Si(100)-As Surface

ZHONG Zhantian, WANG Dawen*, FAN Yue and Ll Chengfang

(Instizize of Semiconduciors and Lab. for Surface Physics, Academia - Sinica, Beijing, -China)

2 . Abstract TR

The interaction of oxygen with Si(100)-As surface has been studied by a home made com-
bined surface analysis spectrometry with MBE system. This paper confirms that As layer is.
a good passivation film for Si surface and studies the overall process of oxygen adsorption of
the Si(100)-As surface for the first time. It is shown that the oxygen éoverage at saturation
has 0.5 monolayer, i.e., adsorption sites are reduced by half with the existence of As layer.
Usmg kinetic analysis, the initial sticking coefficient for $i(100)-As surface was found to be
5.6X 10~ which is ten times less than for clean Si(100) surface. The passivation effect of As
atoms on Si surface is interpreted with the existence of lonme-pair states instead of dangling-
band states.

Key words  Si(100)-As surface, Passivation effect, Oxygen Adsorption, Sticking Coef-
ficient : ' :
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