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Abstract

In this work, the initial growth and structural evolution of Ag and Sn on reconstructed Si(111)
surfaces were investigated under ultrahigh vacuum conditions with scanning tunneling micro-
scopy. We studied the adsorption and nucleation of Ag and Sn on 7 x 7 surface at low coverage, and
figured out the preparation condition for ordered Sn cluster arrays. The growth behavior of Ag

and Sn on +/3x+/3 reconstructed surfaces was further compared. In the light of the growth cha-

racteristics of Sn on \/5 X \/3 -Sn surface, a fabrication method of Sn layer with atomic thickness on
Si substrate was proposed.
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1. 5|8

LG B AEMA R T7E T8 S AU T2 B, — EHR RS R E R IR . B A
PREERFE B FIPEREZL R AW S =y, AT BB A AR K 7 2, FERERE R b 2% T R 10 & R Ik 4
SER, A R wIARL S TH RN SR B S AR, DA SR AR TN T ER A . GRS AR DL R GR A AL
ST RIN . EEREAA Z R EMM, b Si(111)-7 x 7 ERESMFaE, AR E AR EZ 1],
PR 7 x 7 21 JE AR RS, i AR KO AR RS AR 1, AT DA A R S 1) <6 A R R (2] (3]
[4] [5][6], B #& B A BEE 5 B 5 di A S B 7] 3 — PO AR KRBT R A, AT DL
S B IR BT AN AE KB g 2 i R, MTTT $ A5 7 PRk 6 4 SR AR 4540 o 19 0, 7 Ga B Si(111)-+/3x+/3
HIRE b, Ag 2RI HE AKX, TR TR BERPUREE RS, IF B RS B R
AR JR SR S TSR OR8], i TolAL T RER T BB, 3 x+/3 -Ga Bl Ga JFEEHIA T K
PR T — A BIFRIATRAME9]. 1 Al 7E N3 x~/3 -Al MR Loy LUd Si R TR, B a5
TREIER) ALEE[10]. A 1 B 54T e 4514 AR FE 25 25 10 6 JB Az AR A s g, JRATR HRE s s A
AR TIEERER R BT & B U, R F 4R E 2545 (Scanning Tunneling Microscope, STM) M J& -
fE EWEE Ag il Sn IHTHAAE KANGE AR AR, X B LR AN [A) Ak 26 7 A 3R THD 1 (MR PR B RN AR K AT

2. LW

AL A TE Omicron #2540 T A AME S HRRE BB G RGP T, RAMAKES
4 3 x 107" mbar. FATHEEE Si(111)24 5 A (MTI B-doped)ff: AT S, AL 250 2 5 4 Hote Nl s 28 R 4¢
K BRI 7 AE 400°C Z6 A4 FATFEMBRS, BEJGIMAAE] 1200°C A AT INFEAREE, REHREGH
TP Si(111)-7 x 7 Rl SAE Ag F Sn B N#AZE R 24 KR, HP Ag KA B HZ K,
FAiE N 99.9985%EHAE N 0.25 mm [F4R 22 (Alfa Aesarstock No. 11468)JE587E ELA5 N 0.25 mm HI8542 |,
TN 22 (515 Ag 2GR T Sn SR K-Cell 28 RGN, 4N 99.9999% 18 ki(Alfa Aesarstock
No.11009) 3 & T rtsaeh, i 800°CAF 2% 52 1 Sn Ji 758 o A IR mT LUd el % I B # gk
AP . AT (RRE S 7E T LA S R AL A S STM 3 S HEAT RAE AT . SCh s STM BG4
PR AAEE A N RS B

3. BERE5T1R
3.1.Si(111)-7 x 7 FRHE _E Ag 1 Sn FIFIHAAE ¢

1(a)’4 0.2 ML Ag 7E Si(111)-7 x 7 K1 = RITHE M E STM R Bl F A ER R —4 7 x
7RI, aTLLER, BTSRRI, Ag FEABRKITE 7 < 7 -5 X8 T g ok
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ik, FAIMEERI, Ag REWMIEREHME Ry, mERMHE AR AES . s
FREAAN 1.65£0.11 nm, FEA G4 TR MAEPAE. 1250l A —4 Ag & FIRE, BT
AR AL LR R, =R T Ag BSEFRMA =50 R AP PRET 11, £
STM G Bon N =AMTERsE, mE T B R E R, Ag R FERM EMIT#MAIE STM Hfiid 2
HHE R AL B, 7E S PR B ) B e R R . a0 SR IE IR M IR, Ag fERTH BT
Bt —B . & 1(b) B AR 150°CHE Ag SRR A Si(111)-7 x 7 LA STM E1§. i Ag Al
PATEIR 7 = 7 F i (Al Re A 2, B R AR SR IETE BN 9K 450 . AR EL = IRDTRUE TR ) Ag
Bl#%, HoP R 8K 2.1~8.2 nm, &5 E 4 0.19~0.38 nm.

Figure 1. STM images of 0.2 ML Ag deposited on Si(111)-7 x 7 surface at
room temperature and 150°C. Image sizes are 50 nm X 50 nm

1. (a) Z=BF(b) 150°CEMT 0.2 ML Ag SFAFE Si(111)-7 x 7 FEH
STM Elf%, E% R~ 50 nm x 50 nm

Figure 2. STM images of (a) 0.5 ML Sn deposited on Si(111)-7 x 7 surface at
room temperature, and (b) annealed at 150°C. Image sizes are 50 nm x 50 nm
2. (a) EiRAH 0.5 ML Sn E Si(111)-7 x 7 RE MK (b) 7E 150°CHIER
ETRAEREL STM FZHE, EHRRTHA 50 nm x 50 nm

FERFAT, SnfE Si(111)-7 x 7 K FPIHIAK FIFEZIR T IR M, EFEWTE 7 x 7 5
WIEE AT N[ 12] [13] [14]. HUURREIREZE 0.5 ML i, Wil 2(a)fias, Sn G5 7 K2 EH
AAEZE -, ORER T AR RS B AR 5, ERT BT s R . 38 R AEEH T Sn
AR AT 40 HEANTE (A IE A He 28 BT Sn P HL IR B AE G T b o 4 FE S 7E 150°CIR K,
R EM Sn BUY BB A EWAE, 767 x 7 WA LRI R T35 AR R, JHc KR
JESAYE S HES A T ERRE S, Wl 2(b) R, i BATR A Z SRAREE RO AL B AR AR, BN T
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Sn [ 22 18] 1943 b 58 3 b ) W, o 38 vy 26 0 & 1T 401, Sn FFE AT K/ A 1.60 + 0.09 nm, & &4 0.30 + 0.05
nm. IXFERFIFRES BN E, E 250°C B KR R R RIS (R R 45 /1) 5 A o

3.2. BEEMRA ERZEK

N T A AT SRR T A5 A N 43 k% AR AT IR, FRATTAE AR R v 5] N/ 5 4 s o e Jmi 4k EE A 5
T, PRI TE A A [ 45 4 X 4l g A e

2% 0.6 ML Ag 7E % I FUTARE Si(111)-7 x 7 KHIFFLE 400°CIB K5, SenifEr K BRI Ag 1%
KA, R EHILT —2 0 BRI S A X, W& 3)fin. s STM B E/R, XX
AR 3 X3 -Ag EH A FFAE[15]0 AT TAXREA R KA BRREIR T 2T 5 254, I L1 Si A
Ag HFHA, TEHR T Ag/Si EMIXIE, MmZ M Si B FERIARIKES, 5RMM Ag MWREH
VBxB RIS BT VB3 x3 -Ag BB R, HABIRIIREERT 7 x 7 45 . BA VXA R TE A,
B PRI AAE N UTRL 0.2 ML ) Ag, FEMERTTESAWIE 3(b)vR. FTLVESR], 7 x 7 XIRAHIL 17
Z R/ 1.69 + 021 nm [F5E R, HEXTZHT B SEE0 MEEFT A, IR B857 it Ag WRPRFE 7 = 7 25l i J
2K A 7%

Figure 3. STM images of (a) Si(111) surface that mixed 7 x 7 and
3 x3 -Ag phase, and (b) after deposition of 0.2 ML Ag at room
temperature. Image sizes are 100 nm x 100 nm

3. (a) Si(111)-7 x 753x3 -Ag £EREUR(D) ZEAM
0.2 ML Ag [ STM Elf%, El&R~14% 100 nm x 100 nm

Figure 4. STM images of (a) Si(111) surface that mixed 7 x 7 and ~/3 x~/3
-Sn phase, and (b) after deposition of 0.2 ML Sn at room temperature.
Image sizes are 100 nm x 100 nm, and 5 nm X 5 nm for the inset

B 4. (a) Si(111)-7 x 7 53 %3 -Sn £ REUK(b) 0.2 ML Sn Eig
MAEZRER STM Elfg, EHRH 100 nm x 100 nm, FHERT

A 5nm x5 nm
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T N3 x~/3 -Ag XI5 A ARG S, 1A R Ag FIUTTRW, FURAE XA 5t T bL g
F|—L R~ 3.76 + 0.35 nm (WKL, 411 3(b) FREEFTLFTR. B, Ag fEIX RS [F] 1) H A4 X 5k
RHU T RRERAT . SEHAE 7 x 7 £, Ag 533 -Ag I A RERAR, TIRE V3 EMIX IR
Ag RTFEXIB N PGEITR, HEEIAXIBIDAE, RT23 7 < 7 EHIIPAG, (8 7ER A E 7 XI5
A5 A BT B R T kL. T AE 7254 B x /3 -Ag Fifi b, RN Ag &7 BOT B B AWM iaZifE
Rk R, Bahiaes o] LUABICKE R 16]. XFIERATNEIIRURE /N T 170 K BTG58, B AT Ll
TEARTH] | 3RAGFI = %5 4y A (1) Ag R

BATXS So/Si FE i T AU AR EE, 4 0.2 MLSn JUFAE] Si(111)-7 x 7 FKiH, FfJE7E 450 CHIRE T
FRERIR K 5 2, RIE EIERL T —R = AR XA N ) B, E 4a)FiR. TEIXEEXIgH AT L
Sy RS R ARG R, A IR T 7 x 7 RT3 x~3 BB AR . B EEH 0.39+0.05 nm, &
FEFRIEE A 0.65 + 0.05 nm, HEFIA 3 x/3 -Sn Z5H[17]. X6 Sn/Si H R 1 [X 4R 2 pr R
Sn HIFIBIE A, 1 BT Sn (78 55 AU, 7R/ XA TR IRA ) 7 < 7 458, MR T 7% 7
F1\3x+/3 -Sn SEAE 20 . FATTHE— 04 0.2 MLSn JIRELX AR b, g R anfE 4)fim. WLES,
7 x 7 KIFARAE Sn LR TRIERIERAEAE, BRILZ 4, Sn 783 x+/3 -Sn EM KA, FEHE
BB T PR B IR O AN E S50, HB 4 0.20 +£0.02 nm. A WL, AHEL T Ag/Si A%, Sn 5+/3x+/3 -Sn
Z B BGRAH AR, XA RT Sn fE R LA A%, TERGHT I E S5 1 o

3.3. Sn £ Si(111)-/3 x+/3 -Sn EEATE K

YT Sn 7E 3 x+/3 -Sn XK T LLRA M, FRATHE B % R B V3 3 -Sn AL, F
22 Sn fEH EHIERAT A . Si(111)-3x+/3 -Sn RIEILAE 7 x 7 4 _E IR BT~0.3 ML [ Sn J5 X
7E 450°C IR R AT IR K AR RIS B, Wi 5. MEGHRTLLE BIRTMIE 760, & EaiE-F
B, @0 STM BHGIE M th SBor B 2R T b /3 x /3 G M B S T HEAR LA S A7 78 (R BRI ISk
AR, A B o-Sn AHE B 55 A TEPUERE A1 Mott /& R[18]. fEIXANFR M _FiE— D Sn YR,
BT R N3 x/3 -Sn BIAHEAE AT, Sn Ji T7ER T EFAHETIE O ZREGH, Wi 50)fiR. e
TERFEAFN, (H SN —F, 214 0.22+0.05nm, 5 Sn 7E 3 x+/3 -Sn AR EMEH FILRTIME
CERIEEARNT . 2 Sn (PTRL BN, AMER Sn JZRFFRE AR, H—B A K, MHEEELK
R REJER Sn G2 .

Figure 5. STM images of (a) Si(lll)-\/g x~/3 -Sn surface and (b), (c) after deposition of 0.5~1.0 ML Sn. Image
sizes are 200 nm x 200 nm, and 9 nm % 9 nm for the inset

5. 7£(a) Si(111)-v3 x+/3 -Sn FE L), (c) TR 0.5~1.0 ML Sn J5## S E A STM Elf&. EM&R TR 200
nmx 200 nm, 1HEEIR~TH 9 nm x 9 nm
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4.

B&

ASOR RS TE M0 Ag A1 Sn AR B R AE Si(111)FA R _E 1) iz AR K AT A HEAT HEXS 0 #

SRS KRB, AE Si(111)-7 x 7 i _E = IRTTRH Ag Al Sn FEMR 7 25 FE I #83Z FR T4 45 0, e W B 8 21
BT AR . Ag AR A BAR RS, &SRR By 5O HF SR 9K 54 . 177 Sn 1E
3 24 PR K AL B G T DAAE 7 x 7 2 e s T ORI STk 5, HES A B R R 71 78 3 3
-Ag BRI, Ag FIWPHAEEAR, iR FRIS/ERT FAREUTRBHER . 1 Sn J5 1] LLAR S R BHTE

B3

x3 -Sn Kifi b, FAHBIT A BRI SELEH . BATHE B HITORI&E, (AFF Sn fOM 4 K

B, (R R 3078 T R TR Sn iR -
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