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Abstract — We have investigated the atomic and electronic structures of Cu-adsorbed Si(100)-2x1
surface, by using LEED and UPS. In the UPS spectra, the weak structures (peaks) related to Cu silicide
appeared for low coverages less than 1.3 ML at room temperature, and the intensity of Cu 3d band
rapidly increased with respect to Cu coverages. The Cu silicide peaks become clear after Cu deposition at
room temperature followed by high temperature annealing (=300°C) or for Cu deposited surface at the
substrate temperature of 400°C. On the other hand, these structures disappeared by annealing at 750°C. At
very low coverage, a surface state near Fermi level (E;) was observed at 400°C. According to the rigid
hand model, it seems to be originated from the surface empty state occupied partially with Cu 4s electron.
n the LEED patterns, no Cu-induced superstructure observed for RT-depositions and post annealing,
while there were several surface structures which depend on substrate temperatures and coverages. we
observed the clean surface 2X 1+2X 2 phase for 1.5 ML at 400°C, the clean surface 2X 1+5x 1 phase for
0.5 ML at 450°C and the clean surface 2X 1+2X 2+5x 2+5 % 5+10 X 2 mixed phases for 3 ML at 450°C.
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A FE5S ET Qleh3, 4] whebA] Cu/Si Aol s
LEED (low energy electron diffraction) [7,8,11,13,17,
21], RHEED (refrection high energy electron diffraction)
[10,15,16,20], AES (Auger electron spectroscopy) [6-8,
11,14,17-19,21,22]), ADP (Auger depth profilometry)
[6,29], SEM (scanning electron microscopy) [4, 6,8, 16,
17,19,20], TEM (transmission electron microscopy) [3,
4,17,27-30], STM (scanning tunnelling microscopy) [1,
15,23,24], UPS (ultraviolet photoelectron spectroscopy)
[13,19,30], XPS (x-ray photoelectron spectroscopy) [19,
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B, C¥ 257} o5 422 vyehty, oF4 4] nlelo]
~(positive bias)E 7H1S wi A%} B 8§ of g A
2.2 vepyton} C go] gk AFo 2 vjehd e A%
B 3-& 45 Abel(filled state)ito] £ 3|5 C o]
£ 1A Abel (empty state)e} 4% AFel 7} Zb2k 27}
Mo HelEl EAEly| wfolzta ®arslsloh23,
24]. ¥ A Si(100)-2x1 EHol| 0.5 =274 C
H A $AAHoR FAe] FHa, ojzle] $AA
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& ArolAE Cug Si(100)7]3 4ol ZHE of L
z7|Aw e 294t ¥ Cugl Sig] Z3HEAE 73|
AdA FAA] Ve, FAE, dAeLEg Wi
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A& ARUPS(angle resolved ultraviolet photoclectron
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vacuum) p-metal X-Z87)oll4] Fa Pk, 7]H 2T
53x 10" Torr o] ARUPS &4 4] A& 15x10°
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3x10x03 mm’ye ©)€3)7, ARUPS =31 e
He WFA 3 (hv=21.2 eV)E o|4-3Ic}. A]Ft Shiraki 1}
HE& o]-8-3te] exsituz AA 3} A1A 21-5-87)o0 AH2Hs)
A g2 sheek AEE7} ~10"° Torrel o] 23S
o AHXEE HA LU Az o e B
(outgasing)#}4-& A A F <} 1200°CE <717} (flashing)
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Zch DD 2x1 A& LEED sf&io| A galsisin, A F
Bflell Cu S4& g 2H gojo] (y=0.25 mm) Gejul =
£ olfd 2EE Cu A (r=1~3 mm, X 99.999%)2
7FEAIA oF 1 MUming] F2-82 F2Hc} QuE F3
3he ok AT EE 2% 10”7 Torrgirt.
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< A stk A3 F A4l ARaM e
A2 FHAS A ool 7R fx)ska
FAHF AHL 250°C olstollA= ¥k s} v o
AR R 2x 143} 5 (streakyt ebt, SaeRg
F7HAA el w2t v 7de] of welrct. 7l w2 300°Coll
A FAA 7 AA R 2x 1 A @A A2 2x2 A
o] Hoju, Zateks Helw 2x2 Abo] ofal|x| 2 w7 o]
o] gropale}. 2x2 A& 400°Cel A 1.5 ML 23318 o
7} AdmdsA| Mol A| Rt o} o8} high order AH2D-2x
n)t £5-57F A Balck (Fig. 1a). 7]4-E&5 450°Col
A 0.5 ML F38hd A28 5x1 Ao oFaA| xelrk
(Fig. 1b). 450°CollA] 3 ML Z#apad 2x2, 5x2, 55,
10x2 A5 ofe)7bx] o] AR 2x1 A3} 4o

Table 1. Phase diagram of Cu/Si(100)2x 1 system.
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Fig. 1. LEED patterns of Cu/Si(100)-2x 1 systems. (a) single 2X2 spots and streaks at halves order for 1.5 ML of Cu
depoosition at 400°C, (b) weak 5x 1 phase for 0.5 ML of Cu deposition at 450°C, (c) 2X 1, 2x2, 5%2, 5X5 and 2x10

phases for 3 ML of Cu deposition at 450°C.

veldel(Fig. 1c). 550°C o] Abol| A= AR FEH 2x1 A4
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Fig. 2. ARUPS spectra recorded from Cu/Si(100) sur-

faces with increasing of Cu coverages at RT.
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Fig. 3. ARUPS spectra recorded from the Cu-adsorbed
Si(100) surfaces annealed at various temperatures for 1.5
minutes after RT-deposition of 4 ML. S,, S;: states of Si
p-Cu 3d hybridizations, D,: nonbonding 3d states of Cu
silicide, D,: 3d states of Cu o phase.
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&S B 7 UL AR AR S, S92 Cud) 3d W)
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el CusSizta 4E A& 5 9}k kA S, S
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A7} ELAEE o] Fof Cu3d er) 2o A
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O i oy
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HAbde] Foll A Sip AApAel o} B4 Ao Hed s
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Dre 4253 F 300'CR GAfels)A CuSiE 844
70 A1Hol| a4l Z. Paszti 5 [30]0] B3k Cu 3d &
£9} dAg}. o] HAMFRES AdEY A oA] ok
2l L5 WAl oe} gk, Aelale)m 34, &
AL ovlshe Al AR Weke Ae B 4 9k &
Aol 4 4 ML 23 3 100, 200, 250°CR2 942
H Si-Cu 384+ 392 Cu(Cu a-phase) 3d W=l
D8] Al7l= AAH iR e adE bl Aze A
A2 BolA odeth olu) D) dluiA] A= Ak
FHA Az ek AR A ER](Fig. 2)ll4 e} 7
t}. 300°CR dxe|shdd D #7)7}F 8413 o] S
A2 A2 S, §7F vehed] 01738 Cu Ale)A)
ol=r} HAHE oJnlght}. 600°CTHA] LR E 27147
£ 53t Sy, So, D= Al &%) 2 D& 343 ofsAic),
wifa] 300~600°C 21 oA 238 Cus AbE
gk Aol CuSis FA A Ao 2beds)a]
9 ©ed] FAMEEI R okl Cuk oA 3] A3
m EEE I ulel gab el EAjsks Curl
Aejate] = Aol 71edgro 2 1 ofo] Fof Hof D,
o] §7%] 7FA8la Cu Ae)Alo] =9} $12idl S, S, D,
7} 7kt daje] 5 650°Cel| A= R E Curl Alg
Atele Agps FozA D F2E AL S, S, D,
£ v Ausic 650~700°C &% o3delA] S, S, D,
of Fxof W3} gl 2 o] 2% JHo A% Cu,Si
© AT AR ol dSE & S 9k 750°C A A
Bl 2xolM S, S, Dotm vl R FEE o} gl
o] =7} CusSiel 28] 2 =3 2x9L onlgir}.
750~800°C 2= Yol Al &2z ¢ke CuSiz}t oF
7k ool ot 850°C G e)dr AR A Enie)
2# e85 Fodsjc)

T AAe L2 F7M071= §49 S, S, Dy, DA
Z9] Wl FAlol| oLz 927} o] 5 AL el
T Aot CusSi & AAFFR S, S, D} A8 et
350°Cell4] 2F 0.3 eV, Do) Ale}A| 1z D7} Ald =gt
650°CollA] oF 0.1 eV WHF &2 Aolyx] BoR o]
Tt v, CuSiv} 2l 4 gaso] s, S, Dot
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Fig. 4. ARUPS spectra recorded from the Cu adsorbed
Si(100) surface with inreasing Cu coverages. Cu was
deposited on the clean Si(100) 2% 1 surface at 400°C.
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Si, Sr= Cu Algjaloluel A%l HA F2TFolx,
D= Agjate] =2 A sk Cu®) nonbonding 3d ¥z
olch. 53] Eroll AFH ol AT cAMblE A2
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goh. FAE Sl wiel D1, D29 A7) £}
g}, €bl LEED sj€lojlA] 2x2 AR 1.5 ML o|A} 2
Hepoll A A kx| AWt 5 ML 33 A4 E w7

274, 2x1 4] 7| Belth wWeka] 0.5 ML o) el
A& Cu-o phase, A4 FH, 2X2 AHS 2= Agjajo] o
FdZo] FEI e Aom 4=

4.8 £

7| Aol e Cu S-S F71A17]d) ot
LEED el wj7o] yto} Hir Cuofl o8t 2AAMA
TAHA] Wskeh. UPS A~ B o= Saeks £
7FAIZ e whel 1.3 ML o]3lel| A= Algjalel = Az
Z7} = gle}. Cu 3d (D)= 0.3 ML o4 et
7] AlRbste A7)7F §A438 Frhskeda 10 ML $:3
H Cu 3d =& 4 Cu buk?] 3d Y=y} Zo)
FAEFS AT YA HO2 G 20eV ol EHY e
], o]+ Cu o-phase} &3} ZA o|ch(Fig. 2).



Cuz} F4% Si(100) 2x 1 EHe] Yrprx

A3 £ 9Ae3 A 8ol X LEED sj€lel| Cu

off 9§t 2AAFE FAEA] ostet. 300°CE F A
& of AUk UPS Ad| ER SollA] Aejile|= 3

Ao} Hd g N2 MR S, S, B Cul] 3d iz9)
FA¥ DF FHY. dAe] LE FTHTIREA
AHEHENA S, S, Dy, Dy} #idle 702 HE] &
Ab AEjajel = A, gabg A} &, AA&~250°C:
Cu o-phase &4, 300~600°C: Cu Ag]Aafo|= 3A] gl
Cu a-phase F&, 650~700°C: Cu Alg]alo]= ab &af,
750~800°C: Cu A to] = #flg] & &3 850°C: A X
H 55 Jehls WS Hack(Fi. 3).

72 EF WA FAEE o rads
250°C o]3lol| A= Cuoll &3t 2AR}o] veh)A] o
gtth. LEED H®le]| vhebat Cuell 2)3F st AR 7|82
5 300°CellA] 2x2 Afo] oAl A g2 vebi]
400°Col 1.5 ML 38 S of 713 ArgsiA] @3y
olth(Fig. 1a). 5x1 AR 450°Coll 4 0.5 ML Z2H3)¢
uf ofstr] FAE ArkFig. 1b). T, 450°Cell4] 3 ML
ZA5bH HAFH 2X1+2X245X 245X 5+10% 2 A}
5o°] LEED sjelolld] A= ich(Fig. lo). 7342k
400°Cel| A} Z2kef Wsloll thgh UPS 28 Ed]Eoll= A
2lAle]= AL Vel AAlEE S, S Cud 3d
Wz Dy, Dy} #AESlch 53] U2 $38K0.25 ML
olah)llxl& Cug] 4s' Azte}l C & Ag] vlAH Al
o] Ao 23t ATzl cAFE B = 9l
(Fig. 4).
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