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Fig. 2. Filled—states STM image of Si(5 5 12)—2x1 and its structural model, (a) Clean Si(5 5 12) STM
image, size ; 20nm x 20nm, Vs = —=2.5 V, I = 0.6 nA, obtained by error signal mode, (b)Magnified
image of (a), size ; 6.7nm x 2,2nm, Z, D, A, and T implies honeycombchain, dimer row, adatom
row, and tetramer row, respectively. (¢) Model of clean Si(5 5 12)—2x1, One unit cell of Si(5
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tom, repectively,

e R EE ERCEEE]
domain®. 2 A FTZ QD}J_ H13sks
%2 Ranke[11], Liu[12] o] o}&] Aj=
Aoy, ozl slze =l
49 Aske AYalde $E B
oA oFA7A ofE P2 o2 @
Si(5 5 12)9] AFZ @ FEYAR & 7} ATk
B STME o] 8% ATNAE Aol ANE wHE
2} AA STM imageolA Yehte F27F dA6HA]
= AL o £859] bias®E T3 STM images
3t EA Fdnt wepd B dAelMe |5
Z2+ 3h7)d GA AFEE F S5 5 12) X
25 Ad WA AYstaat st [13]
Fig. 2 (@) 2 479 STM AgAM 42 A+
Z 9 8i(5 5 12)-2x19] filled states image©|T},
(3317} (225), (337) o F7|7} wtEAHow veht
(5512 9 3 F77F 9L & 4 U} o] age
ZHE olAsl )9 (337) sections (i, e., D13}
D3)e] FZ7} &S imagedr] & £ Utk Wt
2413 K] &l Fig. 2(b)lXe (5 5 12) ¢ 7
F71% st Jelligln 2 olgfol]l STM image
dAste YATR RS AT Ad 9
Aol 2oz Fole o Si(5 5 12) o F&
dio| A= dimer unitg EIs (337) F7]Y
ol & 2 D(337), dimer%}
tetramer unitS 25 E3stm (225) F7])e Ao

£ ztm lE D2 section®, (337) F719 Zol&

lo r-{o
Nt
()

B

N
bt

mln

o
do0 o r

3 Mo

==

e

= o ale &3

zk31 9)= D3 section,

154

Zt3 tetramer unit< ¥3F8lE= D1 section, =
T(337), 52 =% 3 D1+D2+D37} g V| & o]
=25 9t} D1y D2, D29} D3, D3¢} D1 A
E o|FE 'Z rows 5-3-5 ringl2 HAIE o] g
o row & H3 (11 01MFO R a9 F7NE 7
2z e row® UebdT} D3 section|F o T2+
rowe] W3O B 2a,2] F7|E o|FH, o
bond length7} 2.3A ¢l dimer(D)E T33le] &
adal 7o) filled—states imageol| A= B

o] oz vepdtt, 11 dolle 2a8 F7I12 o]
o]Z buckled adatom (‘A)ZE E&3l31 o] image
ANME 2809 F7IZ W Moz JERdTE D2
section WH FZ+& D3oA veEht dimer ¢ H| W
glod row WEFOE ap/2 9 QZEE Zn e
dimerg EF3la glom, I do= 2a9 F7IE
ZY= buckled adatom row, I 11 Fol& 7
row B 9 o] % row 7 UEpET o=
row HFSFO 2 dimer®}: ag/29HE9] dZH 2a09]
Z712 z2t7 Q= tetramer (T) rowd I Estu
it} A¥A o Z D2 section = dimer, adatom,
tetramer 52 AEZ o]FojA gl 2= D1
section—o— tetramer & E3StE HE O 24 rowd)
A3 vgke = D29l dimery} @A v Y]

-

Lo =
= <

=

o} dx|sl= Eoll tetramer’} Q1 rowel HPd
W RE 2200 FVIE oFa v AHHoE
1249 rowel  FAF [665] WAFS  whebA
Z-D-A-Z-D-A-T-Z-T-Z A & HHEEE 72

Journal of the Korean Vacuum Society 15(2), 2006



st

.

‘ B

Biel MEAM E&o2 REE Si55 12) EHe MFEH
| M) » 4A
(@)54A 384A,
; | Tt f G
SO QERI=E:J08 o8
- R
¢=% @%2s;
DE37) 225) T(337)
87 A 231 A 157 A
384
: }_ :
o 4 >
O:-elle:
=9
] M
PR
e DE3T)

L]

4A

un

Bi-{5512) : 535 A

=33

an

Si zigzag row
8 : Bi-dimer
: Bi adatom

(12)
: Si adatom
Si tetramer

£loeeo

shte] How Bt

2. Bi7t &&=

Si(5 5 12)9] XX,

Fig. 3(a)9l~x & 0.01ML9| Bi

& A F
filled—states STM imageZ XH.o]

OL‘
PR

#3381 D3 section©] miss—

.Si-dimer
o]
Fig. 3. Filled—states STM image of Bi/Si(5 5 12) deposited at 300K, (a) Structural transformation from
T(337) to D(337) inside (337) section is observed. Size ; 15nm x 15nm, Vs = —2,1V, (b)Structural
Sof| 77k 500°CoA AlgE X

models of Si(5 5 12) (top) and Bi / Si(5 5 12) (bottom),
gk
2
Z3 vt D1, D2 ¢ D3 section ¢ D(337) I
(225), T(337)e] AFLE (5 5 12) o F7|& o F
23sts

£ o|Fa U, Fig.2(a)ollA
23 UEvE B2 imagew® DloX & & Hol
Al @3, D3¢} D2 oA Uehteel, ol Sif
dimer7} ATZH Si(5 5 12) Aol FJF Pz, T F Bio
addimer)©.ZA] filled—states imageo|AE W g Aesta ¢
s E YAt [14] ©]2]3F addimer: tet—
A Fo| givh. webA
Z7} image o<l D(337) 7|% 3lal dimer &
3} ing Ho] dhte] (225)9} tetramerE
(337)9] Foz o]lFol (7 7 11| F715 o|FE
FEZ HAY, FF olHt (T 7 17) 9o FU=
Si(5 5 12) ¥WHe] step F terraced|A] rowol
Z "hgko 2 compressive stress7} A7} Eo] (5 5
12)9] subunit FA] dimer & X3}= D3 sec—
tiono] Al UERZ|E Strh Fig. 3(a)ollA €]
(5 5 12)9] ¥H8 F7]= Si(5 5 12)9 ®HE F7]%
3¥383= D1 section
o]

ramer M e FAE &
T(337) ¢ TEE 93 indicator2A|e] &S
A, Biol &2t &€& o g QI3 clean sur—
719] tetramer row’} Aleh

=
o] & FZJA] tetramer®} dimer/adatom-S
AR

subunit
stress ¢} tensile stress
zeo) Bshn We BN olEd

A
o] addimer®]
=
o
TUg Ao JNFRE o] FojA il rowo] FA<
wheko 2 sl Rl = stress 7)o W YA +ZRE
A2 vt} Compressive stress 3dFollA] gAlo]
Tlo] 9l D1 section o] ZAdt= tetramerv= 1
Jof] 5 dRl7} E&3Elo] tensile stressE 7}Et
A9 4A dimer®} adatom o2 FZV} ¥lHE A
< AT, W E rowd] Hagh step FH o
X]E compressive stress’} QA7FElEd o] g9 face®t+= Th=7] tetramer
= dimer®} adatom ©] tetramer® FZ7} vl¥ & o] image’} 112X @t} D1 sectiono]A] {11 0]
Ax #2899 T = compressive stress’t Q171 hgko 2 Uehd =71 8t
M T(337)Z, tensile stress’} <17} D(337)= 21 D3 sectiondlA] Kol dimer & F3tal=
TZ7F A, dagHdog (5 5 12) E o|Fe F¢ rowE VEETH Biv) ojtle] £Ajst=x]d o
sectionE2 F&% AA|7} compressive AN, AF7A BaE =3 oshd Si(111)-7x7
£ Zt= subsectiono =2 ol A= 1/3ML ©]8F9) Bix 7x7E AFxE W
o] Fojx] o] FE = stress7t THAE oA 3 oA Si adatom <& thAstd V323 R30° T2
155

G2 AFZ YA 15(2), 2006



Z vl 3[15,16], Si(001)—-2x1dlX4]&= Bixs €2F &
=2 ZIAYE 31H Bi-dimer® o|Fo|7l FIl9
w7} 4709 Si—dimerE tiA|slE 2o g FAH

v Basti §ict [17-19]

E AFo e Bi coverage 7} 0.01MLo]3 7|
9] £x7b E7] Wi Biol FAET g©F H|So]
o #A Bi9] FEle Fert STM AollX e e
2] ekA1gk, Si(5 5 12)°] Bizl F&slm g3ty 7
Aol 71%e] D29} D3 sectiondl Y& Ageo] 7}
% oFgt dimer$} adatoms WiA|E ZHolgt o= H
th. o] #HPolA Si-dimere] AT Aol(2.3A)%
Bi—dimer?] Z3 Zo](3.14)9] AololM row'ddk
© 2+ tensile stress’} Q171 5L, o= rowel] T3
o] "W}Eko & compressive stress® gl ole
01343l D1 sectionol] tensile stress® FA Ho,
0143 D1 section?| tetrameri dimer £ adatom
o7 ZeAl3, 2+zte] dimer®}t adatomS BiE T
A =HA =}, Fig. 3(b)= Si(5 5 12)2] model?} Bi
7} &&tsle] Si—dimer®}t adatome] Bi Z A
(6 5 12)9] 72F HoFE Rdolt}y, A4¥e A
Moz TAlE BEL D29 D3 section?] dimers}
adatome ThAZ BiZ 23l tetramerE Xl
D1 section©] D3 section®} 72 F22 W3HA =
3, 7|BO 2 RE| activation energy® Y2 Birl
dimer ¢ adatom< UiA|SlE FRE YEpRiTH
Bi/Si(5 5 12)o|M = 5 79 (3837) sectiono| %
2 125 Ztet 2 Fxd AEE AR di-
mensions AHEH Si—dimerE tA| g+ Bi—dimer
o] AgzZol= Si surfaceso|A]2] Bi—dimer FA]d|
Al HQl 3.1A9] Zol& zt=t} D3 WollA e rowdt
ko 2 o] Bi—dimer?} dimer Alo]2] Azl 4,6A0]

Hlo]  Bi-dimer ZIFAL& 2aQl 7.7A°] Hr}
Si-adatomg A& Bi-adatom®] [110] W3

(i.e,, rowel HaP3t Wwshozo F7|= sigl I
AA 2449 3.8 2 A Bi/Si(5 5 12)0A19]
Bi—dimer ¢} Bi adatom A}o|9] Azl 4Ac|x
rowol] Halgt WHEko 2 Bi—dimer$} Bi—dimer Alo]
o] AglE 4.6A°] Ho] F714<l Bi—dimer7} &3
g g e Ayt B ZH oz A BiE
2stn Fhxe & Afole AT ®@ EHY
o 7} gsection WFo| Z3E 1,  dimers}
adatom & 7|%1} ZAgeo] <kt sivlo] BiE A&
He AS skt

rE ol

156

o
Tol| 77hE 450°CE FASWA Bl & FHAA
Bkl Fig. 49A& Bi2] coverage® 0.2 ML &
Z7A7] Zo] AL STM 9] topographic image$}
1 line profilexr ol i vk, A8+ (337)
el 7191 15.7A Z9 dAEE Zusle HE
terrace® WHaH R, (5 5 12) 7|#He] AHARPL
Aol wulwdl A Eo] <bE AAE] st A
< #1& 4 it} Fig. 4(@)A v 2 BAE ¥

=
2e (@3N3 e Zolol F7lsb whEsle] ol Fo]
A FEo)AT Si(5 5 12) & o] F= (337) section
o] FZo= hES imaged B3 & F Uk @
g FAE BB (7 7 17) Zo|E ZxW AT
% 9 clean surfaced|r] UEPYE tetramer & ¥

ghateE (337)3 (225)9] Aoz o|Fox (7T 7
17)9] FxeE tath b FENAE (837) sec—
tionoll FrHe] ¥ Mol BE Ao row WIFS
2 double dot rowE Atz 2 Y g Jle 7t
7 ghe Z2Z& 3 P (protrusion)E°| rowd A A g
N gado]l o] e MELR FAdEc] Bt %
£ dot9) pair¥e ‘double dots (D)@} 3z, 713 ¥
A HolEx REL ‘protrusion (PY 2 oA e}
Al ©|# 3k double dote]y} protrusion 52
ol g UmA FEEES tetramer’} obd
dimer$} adatom FF9 Zo] Wl AL A4z H
Aol o

clean surface?] image® ®Wlwsle] & & Ut} o]

24 o]#]3t double dotl} protrusion 2] &AJo|
dimer®} adatom 7+F Yo dAHE= AL 53

4 Ut

oje} Zol whgo] dojt Az (337) TEE A
A B3] Y3ted, Fig. 4(b)olA= Fig. 4(a)9)
(337) F717} wHRAog vehd FEe st
rowol] B3 Wkl 42238k W3O 2 line profile
g A3E Ho] 3 9k D' D Alelg} P'e}
‘P’ Alole] Ar]= ©]E line profiledt A7} (337)
o] ARARE EFEFOR o] &3l FHA).
#2] A9l double dot D' (337) F7] QoA F
Aol ure dote] maximumo] [665] WEko T 4.7
A ABE T3 Holx 9031, (337) section W oiA]
Y e Sojd RE D'E [110]) WEo @ 24,9 F
718 zta, o] %3 (337) ko] D o= ao/29HE 9l
2Z+e] VEPdTE STM image?] line profile® W] F

O

N

Journal of the Korean Vacuum Society 15(2), 2006



TE Si55 12 Mo HFxEHE

0.0

Y [110]

40,
A ( row direction }

1 /f{:\ﬂf \\/\j

g

ano 1200

B (vel tical to the row direction )
ZDDZ 2 a

jidi3 L 1i11] Y] 200

Fig, 4, Filled—states topographic image of Bi / Si(5 5 12) deposited at 720K, (a) Size ; 35nm x 35nm,
Vs = —2.0V. b and ‘a’ imply (337) terrace and disordered boundary, respectively. (b) Size ; 14nm
X 14nm, Magnified image and line profiles of (a).
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Reconstruction Change of Si(5 5 12) Induced by
Selective Bi Adsorption
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In order to test the capacity of Si(5 5 12) as a potential template for
nanowire fabrication, Bi/Si(5 5 12) system has been studied by STM. With
Bi deposition, Si(5 5 12) has been transformed to Si(3 3 7) terrace,
Initially Bi atoms selectively replace Si-dimers and Si-adatoms with Bi-
dimers and Biradatoms, respectively, With extended Bi adsorption, Bi-
dimers adsorb on the preadsorbed Bi-dimers and Bi-atoms, These dimers in
the second layer form Bi-dimer pairs having relatively stable p3 bonding,
Finally, the Bi-dimer adsorbs on the Bi-dimers in the second layer and
saturates. It can be deduced that both surface transformation to (8 3 7)
and siteselective Bi adsorption are possible due to substrate-strain

relaxation through inserting Bi atoms into subsurface of Si substrate,

Keywords : Scanning tunneling microscopy, High—mailler—index Si

surfce, Bi
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