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Abstract

The synchrotron radiation photoemission spectroscopy (SRPES) combining
the low energy electron diffraction (LEED) have been used to investigate the
chemical states and morphology of passivated III-V semiconductors and the
interface formation of different types metals, such as alkaline-earth metal Mg,
transition metal Cr and rare earth metal Gd, deposited on the clean III-V
semiconductor and/or passivated III-V semiconductor surfaces. A new sulfur
passivation method for III-V semiconductors treated by CH,CSNH, solution has
been developed. By this treatment, the surface oxide layers of III-V semiconductors
are removed effectively, and sulfide passivation layers are formed on their surfaces.

The passivation of GaAs(100) surface by CH,;CSNH, treatment, shows that the
oxides of Ga and As are removed effectively, and the sulfides of Ga and As are
formed on GaAs(100) surface. The photoluminescence (PL) intensities of
passivated samples increase by almost one order of magnitude, revealing the
reduction of the surface nonradiative recombination velocity and hence, the
reduction of the surface nonradiative recombination velocity, indicating this
treatment has an apparent passivating role for the GaAs. After being annealed, a
stable sulfur passivation layer is terminated on the surface due to that the As S,
component reacts with GaAs and then results in GaS component. The LEED
displays a sharp (2X1) reconstructure pattern in 260-420°C, which indicates the
GaS component has the Ga—S—Ga bridge bond on the surface. This method can
be also used to passivate other III-V semiconductors such as GaP and InP etc.

The passivated GaP(100) surface shows the formation of poly-sulfur
phosphide (P,S,) and two different low valence P—S bonds due to the replacement
of P by S in GaP. The S-passivated GaP(100) annealed at different temperatures in
ultra high vacuum system, shows a (1X1) LEED pattern in 260°Cthen transform it
into (1X2) or (2X1) surfaée restructure above 420°C, which indicates the P.S,
compound is decomposed at 420°C, only the low valence P—S and Ga—S

components are remained at the surface. The passivated GaP(111) surface has the
same situation as the passivated GaP(100) surface. Comparing the CH,CSNH,

treatment with other methods such as [NH,],S, solution or reactive S-contained
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compound S,Cl,, our method has a lot of advantages: simple, inexpensive, very
short passivation time, controllable and no poisonous gases (H,S or HCI as the
S,Cl, treatment). Therefore, the CH,CSNH, passivation method could be used as an
alternative to other sulfide treatment for a routine S-passivation process, and be of
practicable in GaAs device technology.

The interface formations of metal/IlI-V compound semiconductors and
metal/S-passivated III-V compound semiconductors have been comparative studied
by SRPES. A number of metals such as alkaline-earth Mg, transition Cr and rare-
earth Gd have been deposited on clean GaAs(100) and S-passivated GaAs(100)
surfaces. For alkaline-earth Mg overlayer on GaAs(100) surface, a reactive
interface is formed, that is, firstly Mg-As bond is formed, then the metallic Mg
atoms diffuse into GaAs substrate where an exchange reaction takes place between
Mg and GaAs to form the metallic Ga atoms out-diffuse to overlayer, Mg-As bond
is remained at interface. For Mg deposition on S-passivated GaAs(100)(2X 1) -

surface, an intensive chemical reaction occurs between overlayer Mg and GaS
passivation layer to form the metallic Ga which is out-diffused into the overlayer.
At the same time, a thermal stabale Mg-S bond is formed and remained at the
interface. Consequently, the S passivation layer can play a role to hinder the inter-
diffusion between overlayer and GaAs substrate. The band bending effect during
Mg deposition has been found, that is, the E; level was measured to be shifted
toward the valence band maximum by about 0.5eV.

For the transition metal Cr deposited on clean GaAs(100) and S-passivated
GaAs(100) surfaces, the formation of inhomogeneous and intermix compounds has
been found at the interface due to the intensive interaction between Cr overlayer
and GaAs(100). Even for ultra thin film of Cr overlayers on the surface, the
magnetic order is not observed. For Cr/S/GaAs(100) system, the inter-diffusion
between the Cr overlayer and the substrate is inhabited due to the existence of S-
passivation layer, and because of the weak interaction of among Cr atoms for
ultra thin film of Cr overlayers, thus the 3d band spin-up and spin-down of the Cr
overlayer is same as isolate metallic Cr atoms, resulting in ultra thin Cr overlayers
on S-passivated GaAs(100) presents in magnetic order structure.

Study of the interfaces of Gd/GaAs(100) and Gd/S-passivated GaAs(100)

v
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shows that rare earth Gd reacts with GaAs substrate at the Gd/GaAs interface to
form the intermix. Ga in GaAs can be exchanged by Gd and out-diffuses into
overlayer, while As in GaAs occurs reaction with Gd to form Gd-As bond. At
Gd/S/GaAs(100) interface, the reaction of rare earth Gd and the substrate is
inhabited by Ga$S passivation layer, and also hindered for the diffusion of As and
Ga from the substrate through the overlayer due to the existence of S at interface.
The segregation of the metallic Ga atoms by the replacement of Gd atoms can
stabilize the metaliic Gd film and remain the magnetic property of the metallic Gd
film. For Gd overlayer on CH;CSNH, passivated GaP(100) surface, it also indicates
that the out-diffusion of P can be hindered, and Gd-Ga alloy is formed at great
region. |

In a word, a comparative study of interaction of a series of metal overlayers on
clean and S-passivated III-V semiconductors shows that the S passivation intralayer
can inhabit inter-diffusion and reaction between metal overlayers and substrates. It
has important significance for the metal-insulator-semiconductor (MIS) device and
integrated new type devices such as ferromagnetic and magnetic component and

semiconductor parts.
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RET, EERKBREAELTIL, EEIARERK, MUEEN As Bk
VARE, ESATHZEEMTSBHM RN, EEEFHEER, FE
MEMAAEE S 5 Ca BEHE, FARMNHRDATEERE-BNEE. &
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faEmsLE B, ENLERNEINFRMEE, BG5S BAEK
F 900 CHILM T A 88L& GaS, XIT GaAs HTEREMET LI . MacInnes
g [0 E=fR 4 B A WAL 2 S A IE AR (MOCVD) ¥k, SEELTZE GaAs LAME
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a2 (4] BT T S #li4bA GaAs(111)A, (100), (111)B REMAEXNIEENME, HH
TIDB>(100)>(111)A. X L4 ERE &1+ H 5 R AR E KX TR E
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FEBEEARKEG L EMR T BEF RN Gaas REMH 7 E -

FB=F Bibltk GaAs FERFHE, CH,CSNH, L+
3.1 5%

B —Z KT, GaAs REMIT— ViR SEMHLRER, %
BMRAE LRk, T, BAITFESTK—F GaAs RERIALKIFTIE,
7 AR LLRT R & MR AL T vE O R SRS ROR 2, DUHAE BIARE R R BR
WATEALE . i, RATEZR T BRI, CH,CSNH, #i{t. GaAs X,
P R T RS0 FBHE 5 ' B T A8 (SRPES) ML BUR S (PLY 5%, RIEHI
REHRERFEMMAKER. SREN, TREREEFHERBELET,
CH,CSNH, #8865 GaAs REEA, MR T GaAs RAMEME, FEEEBLY)
HihE: JFFHHMREMN PL BEMEB—ERULE, BETHERMLR
R, FHMEUEREMNAREERARER, EETFMERA, BROHRLY
(As,Sy) A FasE, ERUAALRALEIEEMNES GaS fHiitE, FL S—Ga
BERNEFF S—GaAs(100)2X ) BMRE. M TTER LR AATRY
AT ERS S, FERE—MERN. TEENAT Gads ¥ S4B MHT
SR T %,

3.2 ERHGE

FH 2347 48 A B AR 2. B B (CH,CSNH) % T31& B 1 Z IR 85 F /K H (AT i #4
EHVEAR), 2 BIIMA SR NH, « H,O 5Kk BR L H1 A R BR B ML
% Si ) n B GaAs(100)#@EFEFH(® = 10cm, d =0.1cm), HRFIKELH
10%cm®, $ZMRERFHIE T ZMERFTIOCEE, REBERE T/ R,
2 H,0,: HAc: H,0 3§ 1: 1: 6 HIBAWEMHESH, REBNRHIEFH
CH,CSNH,/NH,OH e, CH,CSNH/HYAW T, ZEKBEEL 90°CHitk 1
AERE 1 NEARSE. B ES RS B ECR B R e, AEAE N,
SRT, BESRLUHNRECEREEEIEFRETINE. RSB
FEFE(SRPES) L 7F F B RHE K ¥ E K Rl P4t LI = bl 7 sl seloub
1T, HTEEESHIEA 100 eV Bk Gadd 1 As3d LA K 208 eV #UK S2p i,
DI R R AR AR RS . WEFRAREILREN 10 eV, 7E 70~180 eV
WEA, UBRHKESHRAN E/AE~500. AEEACPL)ELRER —LKE
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FEMERAKEEEFMRT F=F FMML GaAs %Eﬁ’\]%’r?‘i‘?ﬁ"-

(R ] 4 e e SE Rk AT, FRE LA Ar S FIRUGER 514.50m Lk,
EFHEMEESHENHER, FAFERMMMER —RETM, BR%
RITHLE R EUR B E S AR
33 SREM

3—1 FiREARLELEN GaAs(100)FH M As3d 1 Ga3d . M
As3d T B Y, BEMMNERE(HL ), BRTHIE As &5, F—1HE
1 As BT, EMBH 3.5¢V P . £ CH,CSNH,/NH,OH %l Bt 1
kb, B 3—1 RIEIZE ¢, As ENIETIRETE, EHR As IEHK3) G
1.7eV HILHE, SRR As B4k ) ZEAE MR R AE4L 10 2064
(1% d), As EWIEJLFEREMKR, As YIS BIEE, RR{IARTE
IR BN E As IS 75 CH,CSNH/H B B X GaAs HHAT 10 7 P4t (i
b Ffle), SEEMMBEEE/LTEIMERAMLSER, BERFALH As TLYE.
ST ISR ORI, REHEAREEEK, TRERESELET, MATblxs
AR As B, BEILEMAAMNSE, NWTEaSERDOEN As E4Y)

f/\"
™ ; Ga3d
As3d o £ ’g—
] " ~
Ve \\ ‘ ¢ ! :
s p= — : _\y 4
- S /\ e E; ! N
E] Sm———— Eld ! N,
BTG N = SOl N e
E — = Ay /,_\
B 4 '\‘w« ™ ﬁ\f ¢ ',.’/LN \\'\—h
ﬂ w,_/“/\ \ o 204 GaSNY
l \ ¢ B ‘;‘—""'\NG;\:OJ [ AN
As SJ\--\__ —N\,\.__\__Abp, ‘.l' haan
b
o N ./ T
o M GaAs
as .
0 72 74 e s 80
39 54 53 .
43 50 52 54 56 2 8 fov

B /e

K 3—1 SRPES & GaAs(100)RHE M As3d 1 Ga3d . )BRFIHAIRIE, b)
CH,CSNH,/H M B AL 10 48 /E KPRk, ) CH;CSNH,/NH,OH B B #ifk
1 4%, d) CH,CSNH,/NH,OH %l B4k 10 49, e) CH,CSNH/H R B
1, 10 43%F. hv =100eV.
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ERBSEHAKREELERMRT BT RN GaAs REBF AL

5 As Bkt E 1, e b SR — AT . AR R AR 1 CH,CSNH,
AL HL BT 45 T %%

SRPES B AR MEAIEN GaAs(100)RE K Ga3d R, XMEKRE
M EE (L 2), BTHIE GaAs 4L, FEMBH Ga AP, (¥
Rk H 1.4eV ), GaAs #E57E CH,CSNH,/NH,OH %l B4l 1 404 (Hi4
¢), Ga EALYIEAESTRMETIRTELE, EHR Ga ERRSIRERIEN A FEH
W R Ga BRALAE ST 12, FEARRI SRR SAL 10 0%h, B d,
Ga ﬁ%%ﬁiﬁ%é?‘%% FEEWE Ga B RMBHEFHEXK Ga B
WA
5o TEBHE LA TR GaAs #HATHIML (B b Al o) , SEEBIMERREIH
LERREARE, M Gadd #EJLEREEENME Ga—S BHH, EFITIE
L, RTEAE Ga—S %&. Spindt ZHI4[NH,],S, B EAIRE K Ga3d &,
85 Ga—S MBS 0,55V 0, T CH,CSNE/HEHLIR, H
& Ga3d EEFNEEIIEREEEEEANE Ga—S BN, EEERH

Ga3d
2 ez
= =
2 2
8 5
= =
A a
2 76 B 80 48 50 52 54 56 S8
Kinetic Energy (eV)

Kinetic Energy (eV)

B 3—2 RELFLAE K GaAs(100)REZ LIS M Gadd 1 As3d . a) B
SRR, b) CH,CSNHyH W 4L 10 5%, ¢) CH,CSNH/NH,OH #

WWEALL 10 9%F. hv =100eV
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FEMFRARFH L ZMRY FZF BN GaAs REKNFH 7L

RIEWMAH TN, BTHAFMERE Ga iy, ST HEEMMLE
R RX 4 BT Ga Bifed, i —H Fl XPS KMl O1s #1 SRPES Jll & 45,
RIS RGN, Ga EACHEHIE, REMAAREEBK, N5
SHMAFE Ols 55 02 5. WHHMARERN Ga FILWIIF .
JUF LB Kb ER ) GaAs R K Ga3d F1 As3d il /gL & 45 RN & 3—2 Fiow.
MRS PR TEE— .

BATHE—BHIF T HL LR Ga A1 As BALWIROAGE M . BRELILALEE
75 GaAs REM As3d 1 Gadd HHRFIE KB EH M LA 3—3. LREH,
BEZEA SR OB T, ERZE 100CBK, As FiHMIHA GaS R4 4L,
SH As RLYIBEE R KEEINTE, B,

FREHALIE Ga3d kbR FIE KR IAS LR Y, ZERR A ML T A B
BRAD GaS, B BIEH I GaS B ik, TITEMYESIE FHML/RH) Gadd #
JUFEARBEE KB E A TIR . EEE 450CIBKA, GaS B AL E.
LARTSY [NHL LS, $EALH) GaAs REFF L REKA, K As Bk, EET
JBKKE As BRALYIA GaS M4k, Maclnes ZFEHR GaS His £ —FEH
HAENBEMLE U . RIE Medevdve I S R E AT E SN, 7
GaAs/As,S, S, TTEL As Fl GaS BARMAERIEN, EHETEK

Gadd
450C

400C

300C
200C
100C- - |

As-treated / - | As-treated + ?

Intensity (arb.units)

1

Intensity (arb.units)

w
>

48 50 52 54 56 58
Kinetic Energy (eV)

74 7% T 0
Kinetic Energy (eV)

7

e
)

3—3 ANHIEXEE MR GaAs(100)3RH As3d F1 Gadd i, hv=100eV,

27



FEBENARFELEARY F=F WA GaAs RENF 7L -

WIS As,S, 1 GaS AL, BIAFZEI T RILSE SRV
3GaAs + As,S; — 3GaS +5As(AG® = —255.6kJ/mol)
BV S SRR 4. P CHLCSNE, BUILTURR As TALHIE B 2
TR BN GaS HLERHET Gaas R, MIMEEKISRAE
SR H UL IR BB X 4 B V2 B A 5 e 6 SR SR PO S L
HEIRR L
FIR R4 R T AR, Kl |
RE4HSEI Gaas I S2p 140 o)
B 34 iR, EREKIEKE, 5 /A
AUMME Sp FEMGE, HAEE
PUREIAN, G6 LEM Ga Ml
As 1 3d TRGIHH, BATAAEML M

WA T MR Ga A1 As Befkh, N

5 2% [arhaunity

AREEFETEREA S HRTF S. HELK :
sk, EHEESETTITES S HETF S B 3k jev
S¥ER. WA EAKER, S2p &
FRMAR . B AR &AL B 3—4 SRPES fUE GaAs Rif#) S2p ik,
a) BRI AR, b) CH,CSNH,/NH,OH

i, RAR, UL ERET Ga grmmsifk 10 44, ) CH,CSNH/H
1 As BIRALY. WERSEL 10 7%, hv =208eV.
3.4 Wi

RIE FREER, AR E —F AT BERINLHI KRR GaAs 7 CH,CSNH, &
WEHIAT . BATRERESERERBE, CH,CSNH, #F/K ¥ K
HS™H ST, 44 Ga 1 As REENHNEND AL KRS ),
LIk S Ga M As 73 Al HEAEARREMD LRI, S—0 BEHFEHT
AT Ga-O F1 As-O RIFE R, 45 R & GaAs R Ga Fl As BN EBE R /GaAs
FELYER, 5 CH,CSNH, /KR HS™HI S* BFEA. —FHEE S-0 &4
FERL SO BIEE T, 55— H 2 HS #1 S™ BF5 Ga 1 As B TZEHH/GaAs
FHERN, FEMK Gafl As BRUHENE. HTF CH,CSNH, KEE—EE
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FEBFRAKRES EERT BT M GaAs R H 7k

RIERE, LRAER/FE RN RZIEHATH, XHEER AR E SRR
PR . ZREIZHMNIREL & Ga M As MEAMW AT 7R VEFIBE
BRI ARERE, SREERMEFMHIN, FMAER As, S, WY, T
MR A K As,S,, Ga,S; 1 GaS FtfF. F/KMUEER MK
B As ENDATRERME GaAs T RIBIREH As § H,0 REFTAERY. L
BREATERRSMA: BRERE, &

HEAEEBARETHOTH, BES =
EUAAPE, EALRESHBHT Al
SRR BRI T 3 PN
= AV

FIRBE N (PL) MRHFA ,;;H//’ﬁ/ L
SRR GaAs BEREIRICIREE, 0 = A/ it

Lt "

B 3—5 ffiR. 2t CH,CSNH, Hifkit » T

SRS, SRR TR B L, A S R

¢ PL BEEMNTA—AEH. BRE . wkpem

RSN Caas REEBHES o
HEREE, FUR Gads REGIEAE Rt i#. o MEMM KT, b
A, T CHLCSNH, BELE) GaAs o) copernn oo i sbte 1 A eaorh
EEXS T WEALHR, wspim o O CHONIATRIERMR 105
GET
35 Gk
1. it CH,CSNH, 7L S E AR S v B , ERGe ik GaAs R, 3 B 7E GaAs
REAR Ga A As BBILIEIILE , L ETE KL, As BALYTR
5, SHE GaAs REL, BALHREH GaS HALE .
2. BEEEORE, HCBURIRERIN, RY GaAs T EGEMA T B
{6, &E T RTALIRE.
B2, RAVRH T—MF CHCSNH, BETALL GaAs EEME I,
LA R F| A CH,CSNH, RS E Mt E B /K R R HS T S* BT 5 GaAs
REER, BRRAELE. ELTE, BIEGE, AEELERRE
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FTEMEEARREB LR B=F MK GaAs REHIHFIE-

THTR, MEHSEEETE, LhEbRESEEF T ETE M EEML
Tit%a

30



PERSEH AR AR FEF R GaAs REH T

e B LN

1.

(U8

AN

A S

11.

12.
13.

14.
15.
16.
17.
18.

19
20

W.E.Spicer, P.W.Chye, P.R.Skeath, C.Y.Su, I.Lindau, J. Vac. Sci. Technol,,
16(1979), 1422,

C. J. Sandroff, R. N. Notttenburg, J. C. Bischoff, R. Bhat. Appl. Phys. Lett.,
51(1987), 33

C.W.Wilmsen, K.M.Geib, J.Shin et al., J. Vac. Sci. Technol., B7(1989), 851

R. Iyre, R.R.Chang and L.L.lile, Appl.Phyé.Lett., 53(1988), 134

C. J. Sandroff, M. S. Hedge, C. C. Chang. J. Vac. Sci. Technol., B7 (1989),
841

C. J. Sandroff, M. S. Hedge, L.A.Faeeow etal., Appl.Phys.Lett., 54(1989), 362
Z.S.1i, W.Z. Cai, R. Z. Su, et al., Appl. Phys. Lett, 64 (1994), 3425

Z.S.Li, X.Y.Hou, W. Z. Cai,et al., J.Appl. Phys.,78 (1995), 2764

MR, B, BEWHS, WHEFHR, 41 (1992), 683

. N.Yoshida, M.Totsuka, JIno and S.Matsumoto, Jpn. J. Appl.

Phys.33(1994),1248

RK, BEE, RNLE, WEER, 45(1996), 715

E.D.Lu, F.P.Zhang, S.H.Xu et al., Appl. Phys. Lett., 69(1996), 2282

E.D.Lu, SHXu, P.S.Xu et al, J.Elelctron Spectro. & Related Phenom.,
80(1996), 181

iR, HREH, KDLE, FFEER, 17(7), (1996), 545

Z.H.Lu, M.J.Graham, X.H.Feng, B.X.Yang, Appl. Phys. Lett., 62(1993), 2932
C.J.Spindt, D.Liu, K.Miyano et al., Appl. Phys. Lett., 55(1989), 861,

Yu. V. Medvedev, Appl. Phys. Lett., 64 (1994) , 3458

H.J. Yoon, M. H. Choi, I. S. Park, J. Electrochem. Soc.,139(1992), 3229
CREKREESR (D), SFEF HREE, % TR 1982.10

. J.J. Yeh and I. Lindou, Atomic Data and Nuclear bata Table 32,1(1985)

31



FREREREARREE LR EIUE Mg/GaAs(100)F1 Mg/S/GaAs(100) 5 -

SFIE Mg/GaAs(100) FHEH A Mg/S/GaAs(100) 71
GibiZ SR g e s s

4.1 5|5

SRV R & Y2 5 4 57 A B0 R 0 18 7 EE R R B R R A
TPEMEFIFENEEN. AR GaAs FRUME, HEWREEN 142V,
FAEARMETNETIER R, AEREESEBAME: MEEBMBRER
RBRIRR, ZIREHREERRREER -+ —MHOBRFERN— KRBT .
ERWE, €£RE/GaAs AEMACEE T RERS, FEEFAELSREEEEN
REKZEMALENSFERFETE. FARYH, SRRMAEESE, 5iE
GaAs REFKAELRAETIL, HATILALE 548 o) & $OM 51 552 35 548 260,
HPARZHERRM, T2 GaAs RE~EWL. KAFWRYT, FHEpEAR
MO R TR BRI, SR T HIRESARREME T, 3 R

FRMEREZAER, BEREEWT GaAs EREERNEE. b THRXE

A, ZRMATRERW Ag (EHEWE, BET —EHMEY, BIEMNHA
RHY] GaAs REAIMAZRT TUBRHEHLRERFHSY, ETUE LSRR
/GaAs FEIFIRMNFY &, KFNBESB TR, AEREE—4%%E—1S
EMIS)ZEH, H A VIR R R KK AL In 1 Au - BIERE] S-
GaAs REMAERNEHLEREELE TMEY, £AES, BRIEEIR
HEIEE Mg, TIRZEIRT Mg/GaAs(100)F1 Mg/S-GaAs(100)4k 2 1 L &
RN, RIS Ak EXT TR R LRI 22 T i (e 25 )R B0
42 SR |

LI BT RMELR n 898 Si i GaAs(L00)YEF, SR TFIREZ A 10%em?,
LH MBI, EREAESHNE., REEERA 10V HEET
WERTMAY) 450 CETRAEHHIT, HEMMB—NEMAI4X1)# LEED
Bf£. XPS fll& Cls Al Ols MR SEHF BN LB TERATL C M O G
HHRE. BUERERE HO, : HAc: HHO F 1 : 1 : 50 REWEM 1 4
o, HZIREBEFKHEZ8, MK CH,CSNH,/NH,OH $i{La i+,
AR Y 90°CHElL 1 /M. BUH B SLEIF Z REIK Ve Ny ST, 1
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o E R ER KB 28 3 B IUE Mg/GaAs(100)F Mg/S/GaAs(100) 5 -+

EEANEENESETRESNEFR. £ XPS MERBEEKT Ga M As HIFR
YU EE A E—F), ETBKEZNNENER QX 1)LEED EE, it
As BB L2 &R, T T GaS B 7E GaAs(100)/hRE, SRR
Ga-S-Ga R 2100,

FREFENMILE, BAEEE, BAFBELNHAEK Ta 5L, EEE
B, SEHBKHERA SRS, DHERRERRWELER, RELVEE AT
(4 22) 73 HERB] LR 1) GaAs(100)FNER £ 1k 518 K 9 GaAs(100)FE L.
AREEURBRG RGN, 314 20/min. BR Mg i, EEE KA
1 X107 18, —HER#EE, EFERIREER 2x10° 8.

SRPES SLWIEFEX Ga 5 As 1 3d & Mg2p HE KK LB A BEm R
AT 90—100eV Xt S2p HHOAMGHEEHE HRERHM 190—210eV K[
SEESICER, ERXARREEEAN, 4¥E (E/AE) ffitH 500,

4.3 SR 5T
4.3.1 Mg/GaAs(100) T

4—1 2 GaAs(100)FRTH Ga3d M As3d KIGBEERE = IRIERAFEEE

Mg B2t IWEERER Ga3d &, BATTUMEBE =AM, RETE

As3d
WMWM«W%
22.8A

e N 22.8A |
g NSNEL Y

10.8A

2.4A
1.6A
1.24
0.8A
0.4A

A

Normalized Intensity(a.u.)
Normalized Intensity(a.u.)

i

72 74 76 78 80 82 50 52 54 56 58 60
Kinetic Energy (eV) Kinetic Energy (eV)

Bl 4—1. GaAs(100)& M Ga3d 1 As3d M e e R EIER A AE =
& Mg #%&4k. hv=100eV.
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PEBESAR R LA FEITE Mg/GaAs(100)H0 Mg/S/GaAs(100) M-+

SHE BN RIS S, H S, [BREANENH]. K Mg BEE T
—4AJEEA), Ga3d RIRMEM A IATEEHAPEE = E ISR, FEE Mg
BmEHEIN(=48), €8 Ga B B, FEB W58, UioH 4 IFthie /b8 Mg,
EHLE GaAs(100)RiET BEARE T Ga, BMESEF/LFEEET Mg Bt
GaAs Gt& P Ga ML ERMN. 523 H As3d 85 Mg B % EinfEn,
ERITT I8 Mg IERR(1—4A JERK), FE As3d A RRER, BEK
Mg BiEEN, RTESRENZEMILIEENEMNTHENTL. BEZ
— R Mg IERE, BT As REBBMFE, SB Mg 2B AERTR As
A J4h, BT Mg—As BTREET Ga—As 8, HH Mg BFERBN, 5F
FHET HSHE Mg 5§ As BETEHRE BEPH Ga. HEM Gadd iE 382
WIEIEJE Ga Bisr, FEARE Mg 78 5 75 18 KT 208 .

ARBEEMNEE Mg WEHRE
GaAs(100)RH K Mg2p K 4—2 Br
e /& Mg JERET, Mg2p EIR
TRIZEH, STNEEEAN Mg, W LT
B, BHT Mg WERHTFRE As {iI,
e Mg—As 8 HHME T RN
FRAEBIAHECE R, HIER Mg2p 2K
TG . 25 Mg BHEEF 20A0,

Mg2p
\J\&
22.8A

16.8A
10.84

1.2A
0.8A
0.4A

Normalized Intensity(a.u.)

40 42 44 46 48 50

HIMTHERNESRE Mg /&%, ERIE Kinetic Energy (eV)
FERN Mg B GaAs #E+FH Ga ’
BI4b 2 | N BTk, B4-—-2 AFABZENELE Mg B%3

GaAs(100):& ) Mg 2p 1, hv =100 eV.
4.3.2 Mg/S/GaAs(100) F-H

SN EE GaAs(100)F M ERENGIEUOTE, SEFEAE KL
H, HEMMENEWRIQXDLEED B, % GaAs REFEHE T —ERLY
WLE, U Ga-S-Ga KIBFRTERFE, JEE Ga-S BAF GaAs HIELESHH 0.5
—0.6eV. &8 Mg IERIEXFEH GaAs RMH, SIERHD NN K RERE.
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PERSE R AR X LA BT E Mg/GaAs(100)F] Mg/S/GaAs(100) 5+ -+

Frilifh, GaAs(100)EEf ) Gadd M As3d M Re LR IR IR A RE R E RS
B Mg 2 fk, B 4—3 Firn. NEFRATLEN, HEDBH Mg Bk, EH
A Ga BHIRE A REN 0.7 eV AL HIUBIE, BT Mg IERE#k Ga-S Bl
() Ga, S HIEE Ga lior. FHFAMEE Mg BHEENIEN, £8 Ga s tLEEr
FtE. YBHEEO)NER 254, HIK Ga B/LFTEEEK, BINEEHER Ga,
FEBEBRIFER. STHEITANE MgS/Gaas(100)RHH S5 AUS/GaAs FHH
USIIZABL Y R N AFAE, B Mg+ GaS — MgS +Ga RN. BT Mg—S##ET Ga
~S &, &8 Mg 5K GaS # Ga ZHRALE, fF Mg L Mg—S BEELAFAE
4 J8/GaAs(100) A AL -

St As3d D REMEHIEIRARBE ZENERE Mg KIER, RATRI, BEE
J& Mg B ERIEN, BETAHMRSMEHEIN, B2 As3d BHRERR
ARt ULA Mg JEHRE] S-GaAs(100)KH, Mg 5 As FAEEME, S HF
FEBHLE T Mg S5#E As BFIRBL. X— S 5EH I8 H Mg/GaAs(100) 5+ H AN,
& Mg—As BB

Intensity (a.u.)

50 51 52 53 54 55 56 57 58

74 76 78 80 82 Kinetic Energy (eV)

Kinetic Energy (eV)

B 4— 3. Biflith GaAs(100)FEM AT Ga3d I As3d FI AL REIE IR AR ESE
4B Mg 1924k, hv=100¢eV.
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thER AR KEE LS8 B IUE Mg/GaAs(100)F] Mg/S/GaAs(100) 51«

4—4 RAFEEK Mg IEFR7EHL GaAs RTEHI Mg2p B SRPES #&. BX
PEIEERMHNBEEE T, ERM Mg TERZNEESME Mg—S #5345, RN
DLEERS Mg hEZHFE. HH TR Mg BRET, € Mg B
BIRHTH R, BANESK. BEEZBHE— PN &8 Mg FSREZRHHE
%, HAFEMNEZRAAERE, X—FHUBEAERE GaS MM ZH5E
K, 43—4A KA, H—HHEIUAEE Mg [4#1/GaAs(100)F AL .

4—5 & S2p iR FIE A E LR Mg HRNER, BRI, MELRE
Mg BEEREM, BREET Mg BH GaS 1 Ga KRN, EHHT MgS & Gas
ML EREMEERD, HUMEER 4, B2 S2p ERREREIIER. BiEL
EHAHT, BATAKH BRI REAUNEREL, RE4E Mg BT GaS P Ga
MR, FRFEEH MgS (REAEFREX, FEREREN Mg-S BMAFEEIET Mg
R RS #5 GaAs RHAITH KL .

MEEEXLE 1245, H XPS EWET S2p M Gads i, KIETEEERE
Ga3s 55, JLFERMAE S2p K155, Bl S IRIRETE GaAs WREK . 7

‘ - /.\25.023‘ Szp
Q -_—//\"2 i e
Q ."" - et
5 | p— S| 12.04
—8 | 3‘,.“ ‘E’\\w-/\/
g 2 5.04
.g o /\' k—. .FJF\-‘-\V\/\-\_‘
8 —___—///‘\‘-‘ A % o |

. ‘ /l R
32 24 ” -

30 33 36 39 42 45
Kinetic Energy (eV) Kinetic Energy (eV)

Kl 4—4 . Hi{b#) GaAs REPEE 1N Mg

B %1 Mg2p 1 SRPES i, hv = 89 eV & 4—5. FEILHT GaAs REMAIEIM Mg

B%EH S2p A SRPES i, hv=210eV.
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chERIER A AL 2R S B I1EE Mg/GaAs(100)F1 Mg/S/GaAs(100) 5 -+

&8 Mg FERd s, XPS 1 SRPES Bl A RIMAMEAWEALIN, £E
ELBENEULEEENETARER. FHit, ShBRERRE S BRTHHEE,
BHIE T 48 Mg F4TE GaAs K13 &L
4.4 T

M ETEEAHTE B H, Mg EERREIEEN GaAs(100)KRME, BHEHK
WEERER As £, #—HER, Mg B RITE GaAs ¥, BHAEETH Ga
BT, MM Mg-As #, T Ga RTHEBERIK, REESIRE. Mg HERK
o, XFRARERAMIES, BUEEREN Mg BREN, L¥<ERERE Ga
MI{ES, I BEREEJLFARE Mg BT REm. X GaAs(100)REENE/RE
Mg, As3d MEEINESREH. HHBEAITAN, €8 Mg &R, SEM LM
Al Mg [ RS B8 e GaAs @FEH ) Ga. BEE Mg BHERIMEMN, As3dfES
WZIE, WHARN As FARMSEL ERRREERERX. XA Ga
Mg #5315 As BRI ALK Ga fI Mg METHEBEMERE. Mg HIR
N, BAHET. Y Ga fl Mg 5 As BERMNE, Mg BE55 As BiE.
Fhh, M@ BEFLR0T8A)E Ga " BT HZ (1.04A)), Mg BTEHERH
EY B SE TR Ga, MERYEEKNEE Ga BEREMEINEH. FEE Mg
AW, K GaAs REMJLE Ga RT2#ERE Mg BAME T&RE Ga
fESRE. B4, ERNEE Mg SHEERERKNERE Ga HEFREMME As3d
5 S RZI M I L

St Mg/S/GaAs Rk, % Mg iR, &8 Mg 5% 5%M GaS KER
R, E¥H4E Ga. #1T GaS HWERE, BFELEN Mg iER, &8 Ga §f
HIL, TULETR T AR Mg L4, BFPESBSK Mg HIll. X5 Mg
HEERENEEN Gads REAR, AMHLYEN Mg ERT, Mg H2AREE.
X—HFEUET S HENFERIET Mg R RY BEARET Ga KR,
B—HHEET 4R Mg (AR Mg {15 GaS REZH KN, H GaS #f
WERBHER. ANRHZENSEE, Mg—S BARERN Ga—S BERE, RE Mg
ERERAET Mg B# Ga—S MR, H S —HU Mg—S BE&RAGREESRE
/GaAs FH. FEBETRIN Mg—S BEMIET Mg #— mARMAT E
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FER SRR K2 5070 B I0E Mg/GaAs(100)F1 Mg/S/GaAs(100) L -+

4.5 REFKRREZMALHS

X Mg IR BI L2 E ZIFUR KGR LI A5 TE GaAs(100)3R H A REH LS HIRLN
FAHE, RERREFEEREMBRAAEE, T TREFKEL. Mg
TR BB AL GaAs(100)RE K IE I, B> 2 1) Mg B2 (<1A), 4 Gasd
1 As3d A B R E BRI RS, X — HHERERMNERT GaAs REAAE
&, Bl S B GaAs REMEE S 5 GaAs $if M, MRK T EAER KA
AT, F—HEEWRESE Mg BBBIERKEHZ AN TR, BE
Mg HEOESFHINO> AN, EACBERBK, b 056V, BEHAL
Ga3d M As3d &M AFEFE Mg MEGEEEMNEs) B EMELARS BAERE
Tk, ' ,
X4 B 5EER GaAs(100)REEAL M BAFEA LB RS HE KA, Spindt
£ DI Mao % U 3 HIFWH As 18 GaAs FEA, BB kM E As iFLIEBE)
EENRE, RESNREAANSRE AL In F1 Au %, AR HEIRAA,
KRS BEEL GaAs i) Ga RN, BEAREE, MHEFELALNERSB K
B, £BIIRFUREREBHES X, Sugahara Z PIH5T Al In 1 Au
o BIERREINH,],S, #iib /5 1B KH GaAs(100)FKH, K3 Al #l In 5RERAL
GaS HifLERAEBHRRN, FHKE S EFNERBIRRHNEBFEALFAEX
BAEH X 5 AR K &R Mg IEMR 3 CH,CSNH, #i{ GaAs(100)# & 25 400
CRKEHIREERELRMLL L AT L E Mg I Zh R $1(3.64)8 Al(4.25).In(4.12)
1 Au(5.10/, BT Mg M AL (WM FREAELE, BB e 3R S
LA GaAs(100)RE M S EAL M RAATRE, KIRE Mg M Al K
DHR B, EMERIRAARE L, RS20 SRR NS AALIE.
FEEEERE S BEFHEENT SRR Y& R 5 & MR
HEVER . MR Spicer % 1 O AL, FROKAER MOAT SLAL NI A 5 B TR AR
RETHYRUARERAUTIUANRFETWRESIRMOERERTS. 5t
Mg/S/GaAs REKYL, As GRRFREREMAKEERIE. TREFEFE: (1) #
WREER K, As,S; ARELE GaAs #HERNERIERERITE As, (2) Mg 4l
WHMRER GaS fEFER SR Ga R FABIAAX, mIRE Mg BY &,
TR AL BRBE . 514 )8/S/GaAs FHFI T K RER AT LA MR E B 21 L5
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FER LA REE 208 BEITE Mg/GaAs(100)F Mg/S/GaAs(100) -1

FEERBNRBMEBEEENXR, BHFH—DNEIRFILLEH 7wt —

WIERAT R .

4.6 i

1. X Mg/GaAs(100)& %, TERRMNMSFME. £ Mg BREAIVIGENE (1—44)
i, Mg bR 2RI As A7, JER Mg-As 8, #—blmMe BEE,
Mg FHJEY Bl 5 GaAs B Ga KAEHRN, BHHELRE Ga, WATHISH
RME, T Mg-As BRFEREK;

2. X Mg/S/GaAs(100)4& %K, HTEBKEM T HEEM GaS #ithZE, X Mg B
if, Mg &85 GaS RN, FEMMIREMEBRIFN Mg—S 8, REERmAL,
BEIET 48 Mg MATEY #, BT Mg 5 GaAs 3R KL

3. WRELLET GaAs(100)RE, HTMHERTRASTEE, 5IERMIKELES
HEBHT 02 eV, XH Mg/S/GaAs(I00)F R BERERL2FER
Mg/GaAs(100) & R HIK 0.2 eV,
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FERERAREE EZAEWR T BHE Cr/GaAs(100) A Cr/S/GaAs(100) -

SHE Cr/GaAs(100) A EA! Cr/S/GaAs(100) 516
K E RS e T Re e BT 5%

51 5[5 |

R EJILE, SRMI-VIELEYESENAER M RSIET
ZHXE, SEFAEMERMERENEBER LM K. HAIENIE4 K
ZHHA AT EEEEPEBEMIERENQI10)FZRT U . Rk S HmMI-
VELSEBMHRFIEEREN100)ER, FIEeR/I-V ES4k100) 5
HREN ZE AL EES. B4, RESEBHNRERE, FARS
W FUFELTE, SO S S AR NERE R ER B REN—
DETE . SEREE Mo (BEENERS AR R AR, 0 T AMR
Mn = FHER SR, SRRNCHBERATHEFEHY., BRER Tt
BE&E Cr BRREHY, BELHARNEHEEETRELEHERED, 8iF
HIBFFRE, BREMERILIESE Pe REBIMEA KR S LI X 1)GaAs(100)
PRI, 8B 0SIH (boo) B R4 B Fe B, £ H Fe 53 B M R REAIM
TR, 4 Fe BRBEAE AML Rt 2FLSIE ) . FM, wAES, 347
MEMFDEN S TRIELR, %8 GaAs(100)KEH S-GaAs(100)FE & L it
EwE Cr SRR AR AABETEN, HiT S HUES Cr/GaAs(100) F
TV ¥ R P 5 M BT R
5.2 LT

HVH GaAs(100)HE S ABRAELL GaAs(100)FE R HIBI% 5 F— =ik —5. 5
WATHEIERTES Si 8 n B GaAs(100)8 2 H BIFFREL SR 10%m?. &
BERETZANE, BENHGREERA 1L0kV HEBFREHM 450CEZE
KAEFFHEAT, B XPS IR C A1 O 1 1s LR RIS IEA Yok T itk B
G ET CM O VS, HURERIEIRMBMER. EEEY, HEEE
EMETHET 400CHEHBA, BEERTHBEBERNEERIL C F1 0 %
TR, R AsS, W EWLFRLMHEE, RETF GaS 7 GaAs(100)
K. &8 Cr £ BOCHEKE LRFEMARKRE . HBELESERSE,
Cr MZERERN 0.740/min. ENERBEETHSEERET 5.0x 10°1. &
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Intensity (Arb. Unit)

RERSER AR S -2 IS T BAE Cr/GaAs(100) A HH Cr/S/GaAs(100) 5+ -+

BEERTRATS A RRIERE LK Cr ZBRIEREH. BN Cr BEEZEM
ST GaAs(100)EEERETHEE 6.3x10" RF/em’ iITHABEZ|, LIEE (ML) RKE
7=, IML = 0.8A.,
5.3 SR E5H
5.3.1 Cr/GaAs(100) 5+
A. ERAK Cr B GaAs(100)RH

5—1 Fis 2 =il TEE GaAs(100) R HEMEAFABE HE Cr 4K Ga3d M
As3d B RERE R, EMRA) Cr BEE T(<1.3 ML), Ga3d 1 As3d RIZ&EA
RETL, RERRENE, UERTGREAMBERES LT —EK75)

@:: l\AL
As3d
:‘E‘.:
D 8.5
a
.
< 45
Fan
0 R 13
2 3
et
= 0.25
N
8 XA dean
85 6l6 6I7 68 69 Q3 44 45 85 47
Kinetic Energy (eV) Kinetic Energy (eV)

B 5—1 RNEBEE Cr EKEZR GaAs(100)RME R Gadd 1 As3d tSREHE . KA
RS ARRE S S T B, RMNARSH R FRiC. BERA—HERREE. hv=90.7eV
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TEBFEARREE L EA DY ERE Cr/GaAs(100)FE M Cr/S/GaAs(100) 5 -

HER, RPUEKR Cr 5HE G aAs(100)k4E TRBHME/ER. 3 1.3ML 4
J& Cr BERIHr G (B 5—2), BIET Ga M0 As i sp RSB HEBIL(ERRE
FRARR, THEIRT Cr3d MRS (B LT 1.0 eV £F) REhiEE, K2/
Ga3d 1 As3d B BEE — B/,

HE GaAs(100)RMH B K EMTSREI (4 X 1)I LEED B, MEAREZ
B Cr MK (2—3ML), LEED B A28 ATIEN, RHAKN o BTE5E
GaAs(100) K A EAERATEL. AT, B 5—3 i Ga3d 1 As3d A BELE Cr
B 2ML LIRS, REMBERL Cr ZEREKER, XETA
T Zunger % U 5789 Al/GaAs(100) L BB £ EMIET.

Cr/GaAs(100)
hv =90.7¢V

‘,A\,\_\/\\ 8.5 _ Ga3d
As3d
45

Intensity (Arb. Unit)

© o = ™
InfI()/1(0)}

o

5 10 15 20
Cr Coverage (ML)

76 78 80 8 84 8 88 80
Kinetic Energy (eV)

Bl s—2 AEBEHE Cr £KExE B 53 Cr/GaAs(100)# Gadd R A

X (M A 3d E,(J
GaAs(100)RH MM i Fil, LiGmpr  HWHL, BELEE Gaa - g3
JA—{L3BEE, hv =90.7eV., T A, " s REHD

3 Cr WEREEI>2ML, Gadd M As3d MEHHLEMME, 284S Gadd
il As3d ¥, EEAIMEEER BB S, Wl 5—1 B R, A R,,
RRHTFAMEEKY Cr 5HER Ga M As RIVFTE. A Ga BIR MR 4 FE
MK Cr B & MR T REMAENTROEAIE, SEEN Ga HHE45 5
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o E R R R K L2 Sl BB Cr/GaAs(100) R Cr/S/GaAs(100) 5 -

CrBHEM 45ML $mE| 16.5ML, EHRISRER, HERE R EEEH0®,
HERMAHERER . RTTERNBE SN As B JLFEABE Cr 2% B i
mms), BE Ak As MEERK 04 eV WEEMBME. AEIRKESR
MM EE, XDMRSREZARERK Cr—As 88 5%. NFAT Weaver 2 [V
R, BAURREIT ZAMNITRIER As3d MESSSRMHTH H As 1
RERHT TR RS

B. 4K Cr £ 400K #) GaAs(100)F&

Cr K2 400K # GaAs(100)41/ER MK Gadd 1 As3d & 5—4 iR,
MPRIEZZAL T Gadd 1 As3d LT, HEBAK Cr 3l GaAs(100)FR M ELEL,
A RN M B AR G SRR ZIMINSE . RN Ga M KL M &SRS
T 13eV, WEHNERE Ga RTFHABIER, REEMRT Cr-Ga 8, B3 As3d
i, RBEHEET, RNESHMUBAEREK Cr 3 GaAs(100)FEELE:, /L
FRAEZN, MEEENESE (=165 ML) , RIBHTES Weaver % [
MK —BE R, 7k As3d NEB LS RRER RS, 1 As WEHR
rli.

Ga3d
© =ML
- ’/b’\\ 5
€ g
o] 3 —
s 4.5 <
<
z 23 £
a c
Q - 2
E l..) c
0.75
M L n
H 1 IR 1 1 I3 1 1 1 1
96 97 98 99 100 101 74 75 76 77 78 79
Kinetic Energy (eV) Kinetic Energy (ev)

Bl 5—4 FFEEZE Cr A£KF| 400K # GaAs(100)R M Ga3d F1 As3d
RGeS . BEH—CBHRAEE. A TFREEH 90.7eV.
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FEBEREARREELEAELVR T EHE Cr/GaAs(100)F- N Cr/S/GaAs(100) ST -+

5.3.2 Cr/S/GaAs(100)F-TH
5—5 B4 B Cr igREMEILE GaAs(100)FH K Gadd Fl As3d THEEL

i, HiLEIRKE GaAs KRR Ga3d IEEIUELEH THRMAET, BHEA&H Ga
Ll Ga—S—Ga M NTEAEN GaS B V). BELE Cr B EREEsm,
AR Ga 1 GaS T HIE SERB R, FREHENMERNEE, &
BISLILFETE GaS FiA MIFEFE, MIET $J8 Cr 53K GaAs HURRL, AZam bFf
R 48 CrigiR 2B GaAs(100)REHIMER: &8 Cr 54K GaAs KA T RV,
A% Weaver % U 7 GaAs(110)RERMEMELE Cr MBEXERE 254 &
AU EI5RZIE) Cr 5§ GaAs BIRMN, XU EHBRSHALET GaAs(100)3R H A BEXT
&8 Cr R4 K AEFIREEM.

G.W.Anderson % ') & AMEE K HEEH R RK bec BEEIBREILE
GaAs(100)FR M, MATANALRISH S (RIFEFEX, DEM SCKY 10%)iE
FHEIN R IR ERMERER, XFEY4ERE Fe Ll bee HM4EK,

| Ga3d '
e N As3d

12.5 ML 7\ 22.5ML

A 12.5 ML
5.0 ML
1.0 ML / \
' Annealed
Annealed Passivated
Passivated / \ . ' '
' 52 54 56 58 60

70 72 74 76 78 80 Kinetic Energy (eV)
Kinetic Energy (eV)

5.0 ML

10 ML

Intensity (a.u)

i

B 5—5 AREERE Cr KA GaAs(100)3RH Ga3d 1 As3d /)
SRR . BEP—BAEREE. STEEEN 99.7eV,
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o ER R AR KFE LS BB 30 BB R E Cr/GaAs(100) R 1 Cr/S/GaAs(100)FH -

€8 CriERTER LT GaAs(100)FRE B As3d iR B, #4518 K 1 GaAs
REFENMT, A5 As T8 BH As BT RREERRS . MES
B Cr B ERIZEEE M, A& As AN As BONESBEEER. 44
J& Cr JTUBVERNT, BT RME® Ga—S HHFELE, Cr TR ERIHERTER &
W As 2, JERESH Cr—As 8, WEZET Cr RFRANIGIETF, #18 Cr—
Cr AHEAEMWSS, FHHMBEIET &R Cr 54K GaAs MR . &8 Cr e )E
75l GaAs Bk InP BI(110)M ', WKL Cr 5 As 8 Cr 55 P MR ZUMEE
A, FEIMHEEERSE Cr EBFEER, MAREREDS B — L
Y, MREHETEM.

&8 Crig BR7ER £k B9 GaAs(100)
REMMHEWE 5—6 Fin. %8 22.5 ML
Yeh A1 Lindau U 3+& 56 B B H
MER, HTHERE 90—100 oV 78
HW, Cr3d Kt EHEAT Ga.
As A Cr KI(4sp) K4 2 MRS, W |
I Cr3d BOGFR ST BIEENILE Cr B M
EAEAT RS, FAEFER Annealed |
Cr3d MXHRAHES . RITRILEE W
EGR O BRERENEN, 55 e
FKBEREMIEMRIEFETERE Cr3d 80 85 90 95 100

Kinetic Energy (eV)
MRS B, FEE EUT 06 ’
eV AHIE K, XS Crad K
RAE BT 13 V)RR, AR @56 FRmmm oot KAEmsE Gars(100)
N B EE Cnd Baf (1) REMNHEETE. KTRED 9.7V,

RN ELLF 0.6 eV BIE, FEHRBHNERNEE Cr NS S5V EERN
WHITEE T ENTBERE, Y48 Cr BEEXIMAERN, EERER
ZERIED 0.6eV /I Cr3d R ST IEHGA KR 4K Cr3d RETIEF,

5 Anderson % 1 4 K EAT R R0 bee BBEEIRRELALEY GaAs(100) T

Intenisity (arb.units)
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P ERERARE G L2 IR B HE Cr/GaAs(100) R HE A Cr/S/GaAs(100) 7 -

FRME, FAEETESEN Cr SHM%RESHELRR, THARTLE%
BitERT. EEISHE U RPEERLNER O, EHETEOAEHME. O
B LRIFSOTES B Cr M 548 Cr BT AN EEY %R, Matsuo 2 1)
BT B B ORI B R B/ bee 19 Cr RIF R HBBIAT A . ZEBRATHIFIHIX
MIERT, BF S HLERERER, £8 Cr BEEENZEURRIER L
K, FEBERFEEHEBE TS, Bk R A R .
5.4 1 |

BILHE Cr/GaAs(100)REH Cr/S/GaAs(100) R B, ATk %R
B AR B Cr iR EIEE N GaAs(100)RE, BT Cr 5+ E GaAs (138
PUER, BRREBERE O FAESBLNT, IER -HQD)WET, Cr
BF5RTFZEMEAARRSE, SHBERER LGSR, X
Cr/S/GaAs(100)F 1, HTRMEIEM Ga-S BITELE, FHIETERFMESE Cr 5
WK GaAs MRN, EEMBIIERNEE Cr TRUNT BT RAGE, SrE
BEROBET, RANSBRTF C—Cr ZHEMAATAERRE, S54E O
RIEBEEEIEEF4M. 5 X Jin % B9 55 H Mn/GaAs(100 L2 4 &,
EREBENER T, Mn S5HE GaAs RN FRE, FFT Mn KR ST
MiEFEH, WEEEENE Ag001) g4 Mn BRI TRMALT T Mo
U HHAR Fe/Cr/Fe M=BIGEN, 2 Cr ££<5ML §, &I H
Hitk, XRENEFRUMEN Fe3d 5 Cr3d MEBAER, SHTHATRN
P Et, WAREFABMEGTESRE Mn .« Cr &, SIIHRERE ISRk T
FREURB A TSR ETHRE, RATSHEHHETA.
5.5 G

Cr/GaAs(100)FREMALEREH, BT Cr SHENBIMEAR, BK
M REMAEE LU AU RS, B EBEEY Cr b RAS
WP 4. 3¢ Cr/S/GaAs(100) R, B TR Ga-S BEMEZE, BHIET IR
HIER Cr 5#IK GaAs MR, HEBVIGERNERE o U ETHRAE
T, £BET Cr—Cr ZIMAIEER, BFHERA LA T 465 ET
ML, TTREERE Cr (AR B IR R L.
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FAE #L Gd/GaAs(100)FEH Gd/S/GaAs(100)F -1H
IR AT T BRI ) EL BT 5T

6.1 5|%

SR EBEENLSYESENFEHARCEMUT ZHRAY, MR 5E
EMEALIL-VIRE AN AE LB AARIES . EaIPES, ROFA
SRPES HH K T £ 8 Mg, k& B Cr 25 57 i% GaAs(100)F1 S-GaAs(100)
REMEIER, LHAI Mg/GaAs(100) IR NIRRT, HT Mg—As
BAEAA Mg MRS BiEa%, F8ERA Ga B R, WmITEISMRME;
T Mg/S/GaAs(100)A &R, HTREERN GaS #i{k/Z, £ Mg g, HEk
% Mg 5 GaS KRR, Rk Mg—S 8, REFERML, BIET 4B Mg &
TG, HERT Mg 54K GaAs KR . Cr/GaAs(100) FHEAN Cr/S/GaAs(100)
REM BT ES, Cr 5iEF GaAs(100)REHEERRI, BRIEHNS

HFIZREAHFIIERELLET Cr—As (L&Y, BUFEIE Cr FAERME F45H1; GaAs

FE S SLENTE, BRTERE Cr 5 Gaas KRN, EEBEN Cr LUE
PR TFRRFE, €BRT Cr—Cr Z[RMMEIEASS, BFHERERL
ME TR LEF, SREEEESE Cr HIE F41.

ZRI/mLER Gd MEEREMFPRE 4f BT7EE, UREEH L+
HERBEENLFTEZ - FEE/IMEERHE L EMEBRRI TS
2, BAVERET Gd/GaAs(100)F1 Gd/S-GaAs(100) A RIENFIRMN S, —HHE
AT TERAFRZRIIERES GaAs(100)F1 S-GaAs(100) R ERAER, B—7F
W, #it S HUENARRIISRES GaAs(100)EE/EM MM, BHH
MAERH, BT EB5LFENFHE KM K, 248 Ce/GaAs, Sm/
GaAs, T/ GaAs Fl Yb/GaAs fI(110)FI%S7, TiZERAIILET GaAs(100)3E T,
CERNFBEFHILERE SR RNMT Y, HREBERRIMEE
WK GaAs(111)RE, MERELEFLEMEILERDT, FX—FF, &I
I F /] 25 58 5 6 BB 1 B8 18 A1 B8 B2 F 7 57 (LEED), A %% Gd/GaAs(100)1
Gd/S-GaAs(100) ) S T FE RLFI R RL, 1 S #i46E X # - Gd 8 35 2 GaAs(100)
RERTZW .
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FEBEHARZE 2 IR BAER T Gd/GaAs(100)5F AN Gd/S/GaAs(lOO)ﬁﬁ--

6.2 ERHTE

PR AFE R R R, E1E GaAs(100) FFREEIL GaAs(100)HI &% R8T
—ETR. FERHIENUBI RS C M O WEEHIER, EN11MFE
WRMEH LEED BEABEAME], 4530 EERE NG X )EEMmELE
HRIQRX D)ER. €8 Gd (ZiEH 99.99%) Ik E E4 24T R4 K4 10cm
1 Ta & ERAENMAK, ARNUBTHREIMMIEIRLY 9000C. 2R ES
G, Gd FILATE 2.66 X107 M FEKE LABMAREKRE L. BRERE, H
FRREBIERAE, BRI RER 2.66 x 10°00, &BA KR EREE,
Gd R KIE R A 2A/min,

%t As3d. Ga3d 1 Gd5p B E &4, RARNZREUE, B
S#K A EE R Lorentzian £ Gaussian T EERMA. EMETES,
S AFTCR BB H Lorentzian FeE(AMLLTE), BIRPEDREMELN]
14 3 EL R RIF AR, T Gaussian
5B BE R D (04 2 R T B | A
6.3 &R
6.3.1 Gd/GaAs(100) 1

6—1 A H GaAs(100)FKH
As3d TRERREARF Gd BHENE
. SHBEERRE, £3UE As3d
45 T AR RS> (B) AR T AR
(S). ERME S X T4 B
[ =SB RemiI BT 042 eV, XE
FLLET GaAs(100)F1 GaAs(110)F
H—E*2, £ 0.5A K Gd EE T,
RERABAHER, HH As3d £
BHERAN. 4 Gd BELE 1A “ (INETIC ENERGY(e)
o, RERSLFREHRR, B B 6—1 Gd/GaAs(100)F-HEFEE RAFRE Gd #

BT RS, BT R FR. Asdd DEEAEEEAMEL (EDC) . AEKE
BER, ZRUGEENER.
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PEBZESRAREGLE0EVE X BAEHT Gd/GaAs(100) AE A Gd/S/GaAs(100)5F -

FEERE DK Gd Bk, XKD RRER, WA E T R 5 AL AL
%, HBERAR SA N, RN (RIE) FIMBEL, AEHES SRS
sl KM RE Gd i As R ERT R, BATKIE 1—5A THERN,
SRR W BT S R TR M S I RN, BAmiRESs
WERFEEYIMER, MRS, FI Gd-As BHEM, FBRTEFE
¥, HETRRRE BB LK GdAs, &Y.

T PR 4R B 5 TED S R AT AP Ga3d

hv=91eV
6—2 ) Ga3d ljélz‘:f:‘{%ﬂ’fﬁi@ﬂﬂ{ﬂﬂﬁo pai Gd coverage(A)
EENRE, BIHA Gadd i, 85 - G

T=AEGr, BARERS S, RS,
—MERST B. BIANRE R4 BIAL
TS BIR B BE 37 (S,,0.40 eV)FI &
BHEH(S,,0.33 V), IXZF1 D.Mao 2"
PL X G. Le Lay P57 K GaAs(100)(4
X)W BEHRIMEFHELUE, 1154
A As3d HIRTHIE S F1 Ga3d R
S, &K B TREKXE—N Ga R FHHE
B As JR T Ga RFHIRE . BRE
MBREINBEERE NG X, BTRA 1
ACETFERFEKMBILE, e o
B GaAs R Ga 71 As (M KA o oY)

TRELL S, HIVESE TR S, 1. KWER, LRUBER.

#Z Gd BHEE AN, RE S, B LFREMK, EERSHEI6
SR T RS (R) o [ As3d RUETEARML, R4 3 R th 2
AR BRREREN Gd HEE Ga 4 KER. Fl, RATTLEE, X
Gd A& E GaAs(100)RERM, EIfELEN Gd B (=1A) , RFEARNEE
T, FFERIBAHLET, KB Sm/GaAs(110)F AL, FEER N Gd

]
wn
x>

INTENSITY(ARB. UNITS)
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Ii/1o

R A L AT AR b GAGaA(100)FEH G/S/GaAs(100) A~

ML, RNBANBEZEEN, TSRS NI R KA T4
AT AN HEEE 0.5 eV BEHTEINE] Gd BaRIAT 20A 9 1.1 eV, XMIBIRE
% Gd-Ga &4 MTR. TEXT A MERT, 7£ Gadd MIE3hAmBIL T 5 —
4y, RIBTF GdSp K4&F. %M Yeh Al Lindau™', Ga3d 0t r B #H L GdSp
K—AHEBHL L, 75 Gd BEET, GdSp MRMETRME. 7 Gd &
23KF) 25A B, BATA LA EIZE A I m Bl AEIR 0.5 eV 5 — Mg H I,
SR LUAZ R ET Ga BT RITEISE Gd B. % Ga BT Sm/GaAs(110)F

4, ChEET BHmITEAERE Sm =,

WESE Gd B EEMGIN, Gadd Ml As3d R EHZNE 6—3 Fzs.
75 2A LLF, Ga3d #1 As3d HUfE SERIRIR, BiEfREER, RV Gd 1
BEFEREY #. WME Gd BHEMNH—SHM, Gadd KIZERLEL As3d I
ERE, RUHEME GaAs MEEMNSERE Gd RATHY BESHKRN. =

'
[ | a
- (@
A
A
vy |
v .
Y
0.1 “reacted
001 L a1 ! | 1 | |
0 5 10 15 20 25
Gd coverage(A)

30

/1o

0174

(b)

- 0.01

5 10 15 20

Gd coverage(A)

B 6—3 Gd/GaAs(100)5+ #(a) Ga3d Fl(b) As3d FIZE Rk AILE, SRE LIVE TS GaAs
HE (B 6—1 1 6—2 HERS) AEER—LBE. Xt Gadd(As3d)f] &%
B, AR NS HERESHILGSE (O) A (A) MY (V) RR.

25



o E AL AR S A BB BANER T GI/GaAs(100) R A Gd/S/GaAs(lOO)ﬁﬁ?--

&8 Gd %3 25A B, Gadd MEREIRIE, RHEEE Ga W2 Gd RE. FE
E4E Gd MBZENHEM, As3d FSHERITAART Gadd, ERHAT
As-Gd W EMMFRIHE As BFREECAEL. XM TEBMELT
Sm/GaAs(100) 5+ .
6.3.2 Gd/S/GaAs(100 FL1H

EHREERE Gd §1, FEREEA—MFRENME S R CH,CSNH/H R
WL ERRE . SRPES IR, ZEHEFFILHIRTE LA JOtHER T RE
S, HEMT Ga fl As MRS, *f S H{LAIRELE 450CIB A, &
T As TR — 5 5ITE GaAs R, FERL GaS B4y, FFE{GREFE FATST
(LEED)MLIUZ| — 7MiM X DB RE, #r&ERM Ga-S-Ga M. &J&
Gd IEFRBXFERI R M As3d 1 Ga3d B REGHE I E 6—4 Fin. HIHRTETR
B, Gd/S/GaAs RAM HFHEHLEE (BIREHEEMND TN Ga F As [
3d RIS BERIBIMME]. W48 Gd JEFR(2.0A), As3d MEWMEELTHE
ik, (BiSRE R G R =R, BMESIRE T M3 T 0.5 eV, &Y Gd/S/GaAs

As3d I Ga3d
9.6 \\Nf/-'\\’
— —~| 96 : :% t
3 =
‘N; 5.6 -N/\'- 8 56
2 2 Fa\'
g 1.6 % g 1.6 ‘
al % 3| 06 ——ee— N— ]
£ 04 _¢/L_ Ef o4 A |
0.2
| 0.2
_.___/./\_\_ PL RN
&Pf\ﬁ';’:ltiig o Palssiyatiyng'& Angea}mg
48 50 52 54 56 58 70 72 74 76 78 80
Kinetic Energy (eV) Kinetic Energy (eV)

&l 6—4 CH,CSNH/H™§i1L i GaAs(100)2 X DEEFEAE Gd BEH
As3d Fl Ga3d i, JeTFHEEN 100 eV,
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FEBEHARAKREG L2 RIS BANER LT Gd/GaAs(100) R E A Gd/S/GaAs(lOO)é'iiﬁ--

RGN HRFERLEEMNURBEEN GaAs(100/EN S %1 0.8 eV FBIEF 0.3
eV. MEE&E Gd MERFEIMHE SN, As3d KGR TRERS), SHF
ZRAFEEN, As3d ESEHER, KWE GIS/GaAs(100)RE, 7%
Gd/GaAs(100) 1, T As-Gd RNKRYE, BAZEBERETH T4BA-
VIRFTERE, ERBLARERIINAT RN 67,

RIE Gadd HEERBEARF Gd BHEERE, WM, TLiEs
Gd/S-GaAs REMHFFEHLEE (AREFTMASD , S As3d BEE
A—%. V19 1.0A GdEFRE, JR5EM(2X 1)LEED MEELES ZE, H
Gadd SREME TR, RFERIER Gd 3 S-GaAs £, HEKFRXHTF
KRS, TRNEERERTET, Gd LIASERR K 30 M T2 5%,
AR EAR RIS MITNALE Gd & BB —PIEM Gd, Ga3d B&f = Siaf
REF, HEBMEMAIBERERETL, RHLAMMIH Gd BEHK
K. SB Gd 52 EHAE RN
7, BT &BWE Gd B, Rt

K GUIS-GaAs Fll SHEIT LMK . S
RIHEH) GalGaAs RERF, S HAL2 =
MEEBIETHERRGB G 5 2| %
GaAs MEMF KL, FEIMNE 9 lf/\:/\,\__
T T T YL T ORI A /‘x/fx—‘

Intensity (a.u)

> passivated
j;'t o +annealing

& B Gd % WA 75 80 85 %0 95 100
GaAs(100)REHIHr # %W E 6—5 B Kinetic Energy (¢V)
o NHEE{LRE REILER KHE
M, E 45495 Takahashi 1 Yarada

7 . 6—5 CH;CSNH,/H" i1k i GaAs(100) (2
Y i b4k (25] 3 2

Eﬂ:j'bﬂlj ASZS3 Fi‘:ﬂﬁ/nm*ﬁfu ’ E‘Sﬁ X I)EE&EZ;E Gd %%B‘Jﬁ%ﬁéo P ae
HI(CBM)LL L 1—3eV M E S3p =N 100V,

KA, 4—6 eV XRZ S3p 5 As

M Ga B 4p LB, 8—10 eV RIE
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PEBFHAKRZE L2 EWIR L HAER L Gd/GaAs(100)FH A Gd/S/GaAs(100) 51 -

T Asds &, TFE 13—20 eV AHIIKRE S3s &P, Y& )8 Gd iR S itk
HIRHE, &8 Gd 1 4f HEFAHBIAE E.LAF 9.7eV 4609, HE{E 44 8 Gdaf

A, HEGEAT 8.7V &, X, 44 Gd iEFREEN Ga fl As §9 3d
HREFIERER, RATNA, 2 Gd FLRIERE S-GaAs(100)RME N, HAK
AR Gd SHUERMNKR GaAs FIRMN. AT RITEFLELFETE Gddf
fi%, XPS HF#ie i SRPES MM iSER AL EPMEREH#T T WM,
FEERILC MO URECIEGRFIE.

fEsz /8 Gd & & AWK S2p &K 6—6 Fim. BATKIL S2p 15 S8
fE& R Gd BHEERIEIEF2REMAZR, 5 As3d M Gazd M5 S=R
—E . M S2p TERIFETT LA 2 R8T L B 258

S2p

13.64
\%’;\W\/\'
Annealed

30 33 36 39 42 45
Kinetic Energy (eV)

1.2

1iNn0

Intensity (a.u.)

Gd Coverage

B 6—7 Gd4f. S2p. Ga3d Fl As3d =&
BRI Gd BHHZN, X Ga Fil As
A 66 CHLCSNH/HSELAT GaAs(100) (2 yisyqpig K EroR TN R, 3 Gd LI
XDRMBEAFE Gd Bk S2p i%. KFBE  wmm Gl fesz,
B4 210eV,

Gd. S. Gafl As WfE5RES Gd BHEEMRETLME 6—7 FiR.
Gd MfE SR EMIG I, FF&FZE4E KR (Simultaneous Multilayer)
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BIEREAME . As3d RS E2HBMTHE, T Gald 554 Gd BYEENIL
FAZER, REHEE Gd BEEMENEEREEAZR. RHMALEIE X
HEREZLL Ga—S—Ga B4R, HEMFE& ZHLu SREMER, *x
mEZ Ga-S-Ga KE Ga-As ) Ga, B F B Ga—As ] As. X, X4
w8 Gd JTRIE RN, Gd DB RRM FRER S A2/ As f7, S5 S2p
M As3d BE SIRZUZER, T Ga BT ERIRRAHEE, HESHREFM. ST,
BAPRIF W LB Gd £ S-GaAs(100)RE M4 K K ATHAKMIE . L4
B Gd ®RE S LK REREE, ERUBSBER (3R WETFEME,
FEBES R ERMHE LIRS, MElRSMIGIK NS, RIEEsitE,
HRARTFHIARFERN, HEERARIICLET > A% >SRBLREE,
RN B AT 2 )8 Gd AR FH KL N 5, ZHBHELRE Gd FiE
RS, Haf 48R ERMKELN 1.0eV £F. BBE Gd BEEMN, T
SRRTH) Gd IR BB BRB s — SRR 1 Gd BIFkEE, #HTERL B
Gd &, Haf SEReASBN 8.7eV £A. JEBIH Gd BERE, £5H
&, &8 Gd SHMLRER GaS B RAEXM RN, B GdS Hisr, B#:H
%8 Ga, T S LBAERABRBEERTL, XES5H 6—7 FIRHE TER
THIRRMETUMA—F. & GaS MAHFERHMER Gd FLRFE, Ga #
Gd AT RE#E— 22 RN A GdGa, &8 B4,

6.4 &

B2, 7 Gd/GaAs(100)AH, BKH Gd BmE(<1A) T/LFLAE R
My #AkE. BE Gd BEEEMB—MERE, £8 Gd 5HERERMN,
HHERBHESHEZASIRT REMEE, SHERHE Ga RTHERY
R BHEAERIREEZWITEISNER, R, X As BFRYL, REAEEHR
TR, ERAERNEEZET, FBET Gd —As &.

Xt Gd/S/GaAs(100) R E KRG REE, LHEERE Gd R, JLTEE
T RNEBE LAY, €8 Gd URANZE@ERR)ERBEK, LH%
ZIEHIEIBRBIE T, &B M Gd RN, RERNFHEH#IT. §£48 Gd
SR GaS kI, AL GdS REAEREL, MELRHKEELSE Ga MM
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TEMEEAR KNS EE R ELL L $AEH L Gd/GaAs(100) 7 Eifl Gd/S/GaAs(100) i -+

Al BRELIZMTFTE, HACMEIET &J8 Gd 53K GaAs i As MRR, %
T 4R &8 Gd IR
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chE RS R A2l LA e BEE BN GaP RESH L /R Gd FE -~

% GaP REHAMKERLER Gd FHEHY

BB EsH LR TR
7151 &

-V AL &L B MF AL, BRI GaAs, BA5HET AMNKIZ
Si. GRTHMSOMN S SREHAE, RESHMELFNEENAF
HEAET B RIIPIR. CARERALEEENSE GaAs HREM
R, [ AlGaAs/GaAs FeRUUAR B IEE (IR, FFE GaAs H)
JeeeampreaE, ARSI MBRALSE P 4B /A i/ SR
B ) B R 2 IR I AR SE M ER . T V IR B S 4k GaP REINER
AL IR SR /D, FEMEERF HS AR ERT ST T .
%S 5 GaP EEMEFBMZEL, EWNENE _EOERHA, BIMNEEN
SRS R, CH,CSNH, Y GaAs RIERI H AARIFIHAAEA.
B L B AT B A RS AN & I GaP(100)RI(111)R BT T HMLAL . &
eSS TX GaP EEMTHLLE. WH—EFA, HEeR G 2
BB, M R ANE R K7 SRR LRI A R U
RTT T ERNEE G SAAHE © AECHMLESERE 0 —H
BEBIUTRMIINESBENEY &, XL, ST RIEY B I RK
RER T REER DY . B, Sk —FFERIELE & B AR R R A BT
s EmRLEE, RS " ESRIT S HAREAXENEIERED,
3 B Gd/S/GaAs REHFF LR ARMLERHOHEIEERE Gd 5 GaAs i
7 As RN, NTiERH4SR Gd . EAFES, RATRAT —FHL& R
[NH,],S &ty s " EH ¥ 7%, CH;CSNH,/NH,OH ik, U8 GaP R,
#— IR 4B Gd IR BISEILET GaP(100)HI S B AL
72 £ B E

B/ Z Bl (CH,CSNH,) S sl A S =% n & GaP(100)
FFIFBIN GaP(111)-Ga BEBEM M TRELAN 10%m™) , HHRE
a3 T 2 M ERHATIEELE, £ H0,: HAc: H,O A 1: 1: 6 HRE R
R Ak AR S MONTELSIET 6 CH,CSNH,/NH,OH %=l CH,CSNH/H¥
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e E R AR KA e B R R EE BRENL GaP R 5H &R Gd FHill--

Wi, TEKVSIBRELY 90°CHIML 10 44t HALALIR SRR & R ZIRZRTEAK
Ve, FEd N, ST, HELEiEtEREesIBeERENTE.

Flib4E4t 6 re Filt (SRPES) it FIARRAIEFAEE 90eV Al 190eV #k
Ga3d F1 P2p ihRE%k, LLAZIMEERRE RBACHEEN. MENRA 37 e %
10 eV, 75 70~180 eV JEE A, XISHIBENPELN BE/AE~500. EEKIE
B0, FRARERST Gadd HaE P . HARK Ga BA#ILLHE
He B A 240 Lorentzian &7 F Gaussian &HERMM. EUEITRET,

Lorentzian 2555, *SHEZE4 X ELF B HESE A RMEEAE, dTHEFEA
[Fl, Gaussian Ze%U M5 & A AERL 10%TEHE A SZE.

138G R E 4

7.3.1 CH,CSNH, #fi{t. 1] GaP(100)H1 GaP(111)

B 71 FiRREE LA ETE

RFAEKEET GaP(100)RME P2p HY 693 K P2p
e, RAMRINFEHAKRE ’ +

BEFHAN TGN A F1 B, FIERE
FE KR 4.7 eVo EXAEREF Kwok
F1 Lau % (VR SMA XPS BIFTH S

R AR HLS/H,S, IR &L " wa"
M WP REBHNER B L5 passivated -\
A Gasd ASREGLEAAHT, HATAN - "
N ERETFHARETELY s 53 55 59 62 65
(PS,). FEAFIRE TR KM P2p Ak Kinetic Energy (eV)
i, ERT 693K mEIBA, A B 7—1 BALK GaP(100)# 5> 5 &
B K 0T B TR, % o S K SRR
£ 693K iR TFIB K 30 /M55, A g

Wk, BHESHRBICS)ZAMERSHE GaP RN, XS5[NH,]S itk
i) GaAs TR M As,S, AL A ARREN. FHBHNRRE ABHEKX, M
B R R T EE, X5 Kwok %/ XPS HFFM H,S WM H,S, X
P EEMIFAIL A RIERE, B b, XN B EE)EM, NG

Intensity (arb.units)
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FEBFEARERLZAEVRY BLE HEMAK GaP RKOS5H &8 Gd Fm--

HAGH] GaAs RIERKEHT As3d N REZOERAHELUE, BIEAE GaP FITHE
& P 3T, FARDENNEAIHNERE RS, @dils P2p 1, "Ll

X4H R GaP FITGES P By, W
7—1 EER LR,

Z it $1k AL B A FE AN FE kiR
JE&F GaP(100)3KH Ga3d +trREZkitan
72 Fizs. HréE S SRR E M
RILH A MEFIEE A F1 B, A WX
AT &SN GasS; (&%, B
IR F 4R GaP, X SHERALYIFILL
1 GaAs HL, TERT Ga By,
 fE 623K F1 650K ZHIEK 15
oA E, RBhAEIR IR & A TRIREK
HET—AREEE, M4 BEES)
REmAE A R 3. WS ME Ga,S,; i
EUZHRIEESE ZHBHLY (P,S,)
KM, AR GaS. BE/GTE 693K

B TR K 30 048, Ga3d ) B g5

Intensity (arb.units)

Passivated

60 62 64 66 68 70
Kinetic Energy (eV)

B 7—2 BREi{kF GaP(100)F14 B7E 623K,
650K F1 693K =N AENEEIR KK Gadd &
RegR i,

RE A P2p wEHY A WEXIVE K. $%BR Spindt 2 PO SHREILLE GaAs RE S
HIGR, As FIBRALYIFE 373—523K BAGRERT, BATNAZHBLAEP,S,)
M As FAUDI(As,S) BB BRI EMFIHARTEEME. AT, Gadd %M P2p i
) B IgSRERIMEIR, HEMMERMILTERE, REPS, M x fy BB AE
FERRUTIHE, BIEH —RIIMEEL, SN R #ERE . X2 Kwok
# Lau (7 U n # InP BB A E EE LA InP, S, , HAYF p B InP FBRE

HE LK InP, S, , &Y AF.

5 EREUREARMZ CH,CSNH, #i{bH) GaP(111)EME, FBE RN
A ET GaP(100)ZR [H B A W45 1, T 5 & #0UE F A0 45 4 BT S51L 89 GaP(100)
RHEAER, WEALRER GaEREMNET. THAEHMEITIE.

7.3.2 Gd/S-GaP(100) 1



hERFEHARKFE L2 EEY BT LK GP Rl 5% L SR Gd Fm--

BEE4E Gd JERRE] S #iLAY GaP(100)R M, P2p MIYLHFigwE 7—3
Fim. BATRIL, BEELRE Gd €, 7F P2p M &E3haesm B — 1 Ha0%r
LB & C, EHX Tk GaP A T4 0.7eV, WETRREEFRNER G5
REMNPETES P RNSBERREH A Ga BN Gd—P #HX. b
% Gd BHEERREIGM, P2p iEHETEMERE KK, @BEdMeE P2p
i, RAIRIBRTBE C MBEWRE RN, HAANEREHEREER. N
Gd W MtiERES, P2p WEiEE M BRI KI, Gd RHEE 0—0.8AK
TERIRIE, X GdRMHER 1.6A, EHRBEEEREULER, W Gd R
MERmUBRAREK, FEE Gd @RI EF P KA B D BE Lk
Grioni % M) 7EVEE /) GaAs(110)REEM Sm, KILFE Sm/GaAs FH, 2 Sm
K178 % E7E 2—8A Z[B17F7E Sm Fl As RIsEZIMb % [ N, TE X Sm-As 88 . Weaver
RGN Ce 7F GaAs(110)REEKEN, HHA Ce—As 4%, BIEH
ML &RE, 7€ 32ML LUFEBOSHIRN~Y), EEENEEE TR As -
RATEIE R Ce B. Prietsch % P WRILT As ¥ HEFEA Yb A Tm

P2p
) . -0.2
[ 9,64 °
5 -\\/\\“ 04
g \\-’4.823, 5 06
L 2,44 S s
2 : . z
‘D 1.6A - 10
o
; 1.2
:é' ! 0.82a |
1.4 ' ' '
0.44 o 2 4 6 8 10
T 024 Gd Coverage (A)

50 53 56 59 62 65 638

Kinetic Energy (eV)
W 7—4 B8 Gd BEELK P2p iLREE
Bl 7—3 AR Gd BHZER P2p ST mihs. 1(0XEER 0§ P2p itiaE
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ERME A K LA iR B BELE GaP R SH L &R Gd -

LR, ERAIMLRF, RE P MY EaohrEE, Ei TR GaP
XEH P Gk, 1F GaTH S EESH, THREN _EMKEH Ga-Gao

B 7—5 B9 Gadd EBEARE Gd BaELW, WLEHESRIREE 1
BE B0 R AR T e . BRE Gadd I, RILEMNEABEEE Gd HmER
B, MEIESHT 0.2V HEINE 0.45eV, R Gd 5RME A Ga RN, M
FEEN Gd—Ga BH4AE Ga, HELRE Ga B4 Gd EEEY &L F
BAE R IE R LA GdGa &4y U . B4h, WA Gadd i, HAIK
W Ga—S BERYFRAIBRE B AR, ETHEEW, WA S NRRFERE
g, 3 H Gd UERFREREEK,

WME4E Gd BEEARANLN GaP(100)RMEIIIEM, HOH e
WEFE Gddf WMBLFRER 7—6 . BAEHRE NG L MEII
VRSN . BB Gd BHEENRM, HIT Gd4f KL,
3 B ISR RETHN, HIEM R & RK Gdaf L E, XEMEA]
WEFFTSERBEET, BREREN G SRXEETHOETREP
BBk Ga RAERNMH—FM. LEFANEE Gd BRTRENZRAE Ga
Gdaf '

Ga3d ! J \\\VB
9.6 / k 2] 9.64

@
) [
— =3 4 87
S "l
2 |2e ‘ s ' \"\/\ 244
s 2 \
I / £y N 1.64
v— ! o
210sa ' 3 ‘
e | £ 0.8
Elo4a :
0.24 \ 0.4A
— 0.2A
60 62 64 66 68 70 70 75 80 85 90 95
“Kinetic Energy (eV) | Kinetic Energy (eV)
B 7—5 #£AE Gd BEET S Hithig
GaP(100) M #J Ga3d HEe4iE . K 7—6 £7F Gd BEET S itk

GaP(100)2% [ FI4 17 % By 7t
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FEBEEARKEBEEREVR T BB RN GP RESH L SR Gd FE-~

fiifa, HENRBKEEME Gdf FE. BTERRNEEES 4R Ga [
RN Gd £BEYT #, 9 Gd-Ga &K RFAERE R

7.4 i

1. CH,CSNH, #{t.lf] GaP R, LA Ga 1 P FIBRALYIELLLZ

2. PUMLRIEE KA, SWBEHLY (PS) TRE, HMERZEHE GaP
RN, TEFREE MMEMH GaS #Hitk 2

Gd VEFRZIBREIBR K GaP R, P My BBENONBELL, T S i{RE
AEREL, Gd 5REHTTES P M-8 Ga RN, BH4EE Ga [iEiR
H Gd @BEYT #l, SEERE Ga FERERAT.

(U'S)
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FEMEFERRFELAURY AT RIEE

BNE BXRSE
ERTHES, HA1SHR T —F I 5%, CH;CSNH, 4R E I —

ViR & SR 0 GaAs A GaP %, &I CH3CSNH, & — 7 EL[NH, oS« AT Z
G, LN TII- VELEY LSRG T 200 TTE. ki b,
BATEAR T AR R ERBOHLEEE Mg, TESRE Cr AL &R Gd oal5s
RAMALEY LB GaAs 1 GaP FHLREM A EHE M. I, FATX
CHCSNH, S04 1 JUFHL & 41 S (38 TR0 .45, 18 CHLCSNH, $8KITT— V
ek -& 2k SRR T eV Bl LR AL R SRS R LA & B 5 LR A R
M— V&L SR TR, % HEXNREEHREEER, FTe
A2 %o 2 5 TH T R R M AR
8.1 II— V i&ki& W32 RE K CH;CSNH, $E{LHLE

EE=ER, RATEMMEINT RFARBAEN CHCSNH, AHURARL
BT A)% GaAs REFLAIE I . LI R ILTTIRTER A GE 444 T, CH;CSNH,
HEES GaAs REMAEIER, HHRERANENLE, FEEREDHNLE: £F
BRI R (=10 24F), GaAs WRTEMETTUT MR, ERZFHT
Bk, FERALYI(ASS)ARE, SHE GaAs RN, JERMIEERLL S—Ga B4 E
MBI GaS 1L ZE, EEMERA GaAs(100)—SQX1)FRHE, & 8—1 Firx
7= LEED Wil ] GaAs(100) HJ ;m’é*na%i%@ﬂ@ﬁm@%o

&l 8—1 LEED MLl GaAs(100)—SQX )RE A, HAKIRE
450°CLL L, MIZBTRER 1126V,
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PEBEEAREEEEARY FAE RUEE

CH;CSNH, £ GaP(100)FI(11 )R, E R LIEBHIERR GaP 1)
FHEENE, BFrELLE GaP(100)E, MIFRE 2 Ga 1 P KT LIHALE,
8RR T FFF Ga BRI GaySs F1 GapS FZIRBELYI(PSy); XF GaP
(111)—Ga REFHATEA, FETUEMMEREREOELER, FRARHE
R Ga LY, BEUREHFATEREIMBHLY

STEAL T GaP(100)REE SR KA HE, SRR E Z MBS, S
SLET GaAs RETEHH As,S; EFHBMRARTREHE, A —PIRESHR
GaP RV, 7F 693K iR TRk, PS, M x My thEHAEE, EHIEARTHE
AR R E(693K) FiR K, PS, 5 GaP RNV 5, NAERE & MR KT ER
GaS HiAL/2, A H B 518 IR AT A 3, %38 k% P MBHILYI 5k LEED
LM EE MR (X 1), 7E 693K EAR K 30 A-4rLl b, KA
HOXDE(1X2). HRIELREXEER, RATELHHT CHCSNH, HFHE I —
ViR & SRR E RIS | ’

B Z BB (CH;CSNH) RE MM  FHALY, S TK, BRIKEBRILE
fase, KERE, EESTPRE 23 ARERNEN. FIHERENHLS 3
INHL:S«(E BB HoS SARM I — VIR &Y+ FhREIATHN, (1) A
LR/ E B LS SRR Y, BMIEEREREE: Q) BT CH;CSNH £RIEM
B 2 T EET LUK RS B TR T VR, B E BRI R AT 21
BV, (3) BEAETE GaAs R BREAET R As(V)AZ=H As(ID,
HIE GaAs RETE K As;S; TTRE -

CH3CSNH, 7E R PEVE P /K i e R 7 20 T

CH;CSNH,+H,0=CH;CONH, +H,S
KIS, CHCONH, #—5 K f#: |
CH3;CONH,+H,0=CH3;COONH,4
E, 7EBREAG T ViELEYESARE, MAKZE(CHCOOH)
EHERERE, TLBAEMRRETFHTI, FEZRKEEBAEHENE
TIREIER, T/KERTHEMH0), MEMT E A E R 2Bk (CH;CONH,)
1 Z.# % (CH;COONHy) o
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hal

FEBERARFHLZMEL BAE BILES

TEBBBIE R, B 2B K iE R N R
CH;CSNH,+30H™ =CH;CO0™ +S$*"+H,0
HTF AR ATRES IR E T, FWHESERENEFEER, KM
B, WUESEHENH; « O)F, KEMAR LB, £/ HS” ElI-VEKE
Y SUREALAER, ERAEARCIHNE. KRN TERNT:
CH5CSNH, +2 NH; = CH;C(NH,) NH+NH, +HS~

M EEFKB RN TER(TSE ] DT, AERITRERME. BitmaEt
BT, R B g KBEREFEERE T, 551- VELED+IE
REEHTMERERRENE, BARATHLE . SARII— VIR SY T4
HE R LB R AT, BE L S HRE SN % TERS R ENNETEL
PRI ALY B B A RAEE W 5 EABRAE A=W T B ER & 4T, 4 Rl
BRAHENER, EFEZFEP, RIOISLWHRMA BT GaAs REHIHL
#l, M Gafl As REENHRMANDFGAMMERYE, URUKS, Gafl
As R SEERTEREND I HAETE, #I1TTEAFANITR, A
BER, FRE GaAs RMEK Ga M As ENWEER/GaAs FELBHES
CH;CSNH, 7K fi# Rl i #5647, — 7 H /K B W B SR B T 18 € 1 Z B g
(CH;CONH,) 1 Z. B2 % (CH;COONH ) B t HS™H1 S B F, B—HHEBKH
i HS™H1 S BT X5 Ga 1 As B FERR/GaAs FERRL, A Ga 1 As )
PSR, Rt D BHRET5 L0 fEAR RS MR BRRE (S0 B E
BT . BT CH;CSNH, KRR —NMEBHLRE, LRIER/FHRNEZE
BHATH, XHEERRREN IR NE. &6 Ga B As FIELDFIFR
WYIERERBEEREN A ESRE, SREBERELFMAL, BMMm4ER
AsiSsTRALYS, TIZERNE S AL 12 AR AsySs, GanSs 1 GaS 75

CH3CSNH, %t GaP R E KEUHLEI 5 H GaAs RERIFALALHIFELL, FrA R
2 GaP(111)—Ga & RIMHEMEH AR P MHLY), XEEANRAME Ga
RAPHIET P MBS RN
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FEBSEEAKNEELEARL FLE RBRILEH

8.2 CH;CSNH, 4B I — V R &9 S AL R i et
b, BZ4AH T CHCSNH, £LHE ] GaAs F1 GaP REG LR A E
MR, — AR SEVIERE T S5MMMN AB; BIRAY, ZRSBESH
EHAL S SR N, TEREMAILL S £RM GaS MM fERT. T LI
() GaAs R AHH], FITRELEMSHIRTH MR LRI EH AR,
% 1. Ga H1 As EALIIRIBAL T )

Phase AG® , kl/mol
GaAs —67.8

GaS —209.2

Ga;,S3 —5071 6

Gay03 —998.3

AsySs —168.6

As;03 —576.1

TE KRB As,S; (L AYIFI|Ga fI R FHHR LA, T Sandroff % F[NH, ]S #11LHY
GaAs UK As,S, FETHEMLER, FHikib 14 HasiRmrEMHEEE
S INE As—S—S—As BT S Ga—S B4, Sugahara %07 H.Lu ZCIL I
[NHL],S £ifbl) GaAs IR T As—S B&4h, WIFE Ga—S BE, EMITREXH
EEET LR ST, RIRBIEKEREEE GaS MAHREESHE
Ga—S— Ga Mk 4 R %R £ Shang-Fen Ren #1 Yia-Chung Chang!"'#+% 7 [0
FhEH QX DEME S-GaAs(001) REAEERHEWREN, KR LERRPIH
CEH R A TFHILE, TILL Ga—S—Ga BFEZRRIQ X NBEH B 1M
st BTN T CH,CSNH, S8 GaAs REFR T4 Ga Fl As KGR,
HEARLZMM Sandroff ZR R, EHTERFE Ga—S &, —FFEHAM
HsCIg £ R MR RIR BB 8—2(a)fi . HLETEIR KEHRN GaS 2R
A NS SRR ERILEY), 75 Ga F1 As BRI, B GarS; HITE B
&F GaS, {EEBBTHHBE Ga M As MR ZIERS, ELERK Ga—As
—S FIMEEAOPY, GaS RRIEER, XEHEHMMEERENRERN. 52
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FEBERAKREBIZMRT FAE RN

XM GaAs—S(2 X 1)LEED B &R A INE 8—2(b)Fix. ML
B, AERIBRTTHRER Ga—S—Ga 24, TEFZ Ga 52 Ga ek
M RAR. IFRIXFER ST LA S B0 R B B TRt F s sm Al o Fa e

e S ®As OGa |
[110)
B 8— 2 CH;CSNH, £ifb i GaAs RE ML (), GaAs—

S X )EHRE KSR (b).

AR Z BB A4 GaP(100)% T, EAE K P BB R, BEE
BT GaS 76RTH, HEXRAEMSEIREER, BIXDEEHEAREX DR
(I X2)EMBREEL, 5 S SiE GaP(00)EE&HWAAHLMED, HRBEM
LEED Bl MEE R FE&HHARME 8—3 Fizr.

o e
oS OGVa. T, 10

Kl 8—3 S-GaP(100) (2 X Dak(1 X 2)H#EE M LEED
El% , VIZHETRER 89 eV @FRMEMBIY),
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FEMERAREFLZURY BLE RILE

8.3 &B 5TBHILI GaAs. GaP FREHIFEBHLEI

BRI R T AR &BUR L &R Mg, TEEE Cr %L £E Gd 23!
5RFER SV T GaAs F1 GaP FHUREMIFEEK, NG
(1) Mg/S-GaAs(100) (2X 1) 5+ FI Mg/S-GaSb (100) FH
Mg/GaAs(100)F1 Mg/S/GaAs(100) ELERA T A, Mg/GaAs(100)/E R 2R IEA K
VSR, Mg SHERERR T R Mg—As 4, Mg ERAET 8, 5 GaAs
B Ga REXH KN, BEHHERE Ga, WTHEISIRE, T Mg—As BRFERM
X
%t Mg/S-GaAs(100) (2X 1) & &, 24 Mg ERAT, 56K 4E Mg+ GaS —~ MgS + Ga
RN, HARERN Mg—S 8, (EERTL. F2HT S WEERIET 4R Mg
51K GaAs FIFH B F &R
HFHBEET GaAs(100)EREAEE, REOFKRENFHREES), 43
Mg/S-GaAs(100y/A R B EBLFHEH Mg/GaAs(100/k R HHEHLFHE
fRET 026V,
(2) Cr/S-GaAs (100) (2X1) FHH

Cr 5 GaAs(100)#EHEGRZIFAEAER, 53 GaAs(100) T A F
k&Y ER M EME, F Cr kEHERBRRME, MMEREEN Cr i, Cr—Cr
Z B A LU ZRs, R AE A FEH. T CyS-GaAs(100)Fm 7R
[, BT REREENMR Ga-S EIEE, FHIET &8 Cr 5#K GaAs BIRHY,
@RS R Crif UL R FRAFE, Cr—Cr ZIAKHLEARS, R
3d TR EEm BRI T AR SIGLEFARL, TR BERE Cr 78 EE H
HIFGH. BIEFITUN Fe/S-GaAs(100) (2X1) R H L5 S #iEHI 7 7ERE
1ET Fe A RHIF B 549K GaAs K M, BRI TR Fe ERBERE T (S4ML)
A
(3) Gd/S-GaAs(100) (2X1) 1

ST Gd/GaAs(100)FE A Gd/S-GaAs(100) A HE A LB KN, RELRE Gd

URER A E LR MHERERERN £ 24EK, EEN0AE RN HIER
FEZ IR EIBRBE T, SR Gd ERE, FiE MR E RN Gd-As fb&
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FEMEEARFELEMARY FAE RBRIXES

Y, WEKERE Ga HEBRHEK, HEl GaAs(100)REME FHERIRIE; MW
Gd/S-GaAs(100) R, WEEE Gd 5HKER GaS &M, B GdS {RE 7SR
mAL, FHIET 48 Gd 5+ GaAs ) As FIRN, MEHRBHPEERE Ga [+
T RERTRYT, RNERE Gd B4R 7 HEH rmtE 5.
(4) Gd/S-6aP (100) (2X 1) F-H |

Gd JEFRE] S-GaP (100) (2X 1) R, 5 Gd/S-GaAs (100) (2X 1) FHEFH AHLL
¥, 6d MAKREFERNZEEKER, 76 6d WEHEEEE —MEFE, &
cd HfEZ I BRIETE, HRERBW GdEE, RNFHEE. HERE Gd
5RMH GaS MK Ga LFIREFETTRED P )N, JEAL GdS B FF IR
R, BB OESLE Ga 4B Gd By B ERERIT, T Gd MAE
R B R SRR P RN, HEREERT B Gd BEEEH
BT R |

B EHEx R S — VIR EY £ B8 E RIS R f0 57 L Aht

GUGER, SR 12 4860 W/ InP (110) RE TR RAEE, RATAE LRFHFR
B (4 B/ABY BFI4 BATILE AB'E) R ARSI T

Density Density
' . A
A B
a H
et 5 :
/OA psol *— bA :
€4 ’ a .o
—— overlayer—le ATBY e overlayer b liV

B 8—a4 &E/ABEILAYLSAN AL B HEBEZE
MBEFRESRY STRER, BhsfE Y HBEEXT

73



rERERAR KEEEEARL BLE RLESE

%48 /Cahs F14JB/CeP fiH, ELBBEEERERN, B 9-4 - FmEL
W TEE AIID) 1 B (V) BFHRE SRR T & F AQID BT, BRI
BN E R

seg 0 (z-a)iby sol

~alc »
P4 = {'Da‘ € A+’0Ae P, (z2a)

Heh o0 £ AR A BT HIRE: o) Fpy SRR mITEIEBIEE TR BRT
WREE; ¢, AHb, ARHMEEH, SHREXENEAN B BT RESBHEZEAK
T (B 1) K. BELTE, A TERETFHE—TRINEEHF S
FE T

1,(a)/1,(0)=(p;* I pD[c, / (Asin@+cH[1- g eVep+ildsing)

sol ~a/Asin8 —alAsin8

+p75 | pal-e
+[b, / (Asin@—b,)][e " — ™"
o [ (@)A1, (0) AR Y a MIEREEWNRE B MRE—TRICERA
2w, oM, EABTHERS, 0L 80" .
HFBOV)ETF, THKEATEMUEG N

)+e

oe(z—-a)bB
pp(2)= {:Zg

ok p B4k AUBVHI B BTMIKE: b, ABGSE, REGHBVETHER
BENT HER Vo)KE. 2R, BVETFRGERRNESHTAR
A

I,(a)/I,(0)=e %" +[b, / (Asin@ - b,)J[e™"*™"’ - e ]
Foi 1, (a) T 1, (0) 2RI R BEER o IIEERTR B TERTFEGREARGE
REEE: 0ARA.

B 2 20 F B3R TR T 6 Mg/GaAs (100), Cr/GaAs (100) F1 Gd/GaAs (100)
BEAR, EAHRESEE AR, XK Ga M As R F T RURE BAHF,
BE—NEFAE Ga BEF R B ANEBEE . HF Mg/GaAs (100) FEY 7
RN E R 8A, B Ga M SUEREHEEE 30A;  Cr/GaAs(100) FHEY HUAIK



PEMERAASB LML T BT RITHL

M EREHER 104, Ga M9 BUEE A 304; Gd/GaAs (100) FLHEY BUM K N B B
T 54, Ga BI¥ BUEEE#E 304,

St & BRI — VIR EY ¥ AR RE QD Mg/S-GaAs (100) |
Cr/S-GaAs (100) . Gd/S-GaAs (100) F1 Gd/S-GaP(100) K& FEHMKEFLEE,
EEMNFEL, WRERREBSREN GaS LB XL, E& S MM
IETEBERES AB'MHABE TR RNAT#, AW EEFERSBHNENE
B

WINUECEN YTy

M. A F1S LK

HIEHEATBY)

& 8—5 & BM)EREL I &L 2 EABY) MATRBEREFER
& 8—s5 Fim & EBM) S EYFFEA"BY) WAELRE N FE SR
ZE, BTRER GaS #iibE(=58), HF M. Ga M S HHEXAKTF 54, 1{H
M GaS T E#HHKPDESE Ga MiEREBEY B ERm mIT.
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