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Abstract 

JE1t r / ;;j', )v~j~.Hn . 7t7tit:. (Scanning Tunneling Microscopy /Spectroscopy : STM/STS) 
~ ffl It' t-: -t ) fjJ:-=F-O)!/tIJ'I'1~fillj~': ":) It' -C, It' <":) i)'O)ft*B/~ 7J: *H-l ~ 1J~ t L -C, ~Jt140)fF~it:.~'€tl~: 

,8 z. '@;&), STM/STS -&. U"-r-O) Ff1JilH-z1ifj ~:i@fflT ~ or~'~tl, l~' C:> h ~lm'lH': ":)It'-ntJ1f-T ~. 

::\'--'7-F:STM, STS, 75-v/, -t)7-::z.-7", }x**-tJ*J'f'{, -tJfjJ:-T, llFf-I-";J r, 7
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T4~fflv'/'::T) .A7-)vO)tj'lf:@1,}"fF*!~h, f-O)Q', it: 0) -"'J e: i§ ;z. .0 . 
ffl O)fii1flHl LJ:itr . ~:7t7'J\ 1 .A, ~f*5t-=-f'7 - iJ -, 
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~ 1 Si(100)-2x 1-H £f[[j ~':PR.~ ~ -tU-.: La2@Cn 17) 

(a) lOOK, (b) 58K f':;f:;rt~ STM{~. 

*- ~ < ~f~T ~. 7'7 - ]...</ 17)V9:gr$~':/jER"*17) 'if ~ 

.:r~O)JZiJ'i) ~~®:T ~ t, iJU;Uf, C60 t C240 -C' 

i-h-f'hwH.r4A t lOA o)r*~*I7)~rEl'iJ'~~. ::"17) 

ER#I7)~.:r~ -c'lfJ7. I? lID f ~1..t-.: ~rEl'~': ~l~m:.:r ~ lfJ7. i) 

~~~~I7)~~t~V9~7'7-~~t~~. 

STM jfJ,!~;H':;f:;v ,~£~ t tj ~ 17) Ij~it'f4I7)flF~Y!-c' 

~~. 7'7-~:,-,j ~}v-I.:,-tjt'l7)~f*:i,@:Y~U':IJJi@:, 

*-~~-c'~~, ~~~~~~I7)~AtL~W~, ~ 

~~ 400 "(>..,600 °C -C~·ii!T ~ t", -:J t::., STlVI/STS 

mIJ~~'::@1 L t-.:t#-,& ~t~-:J ~;f:; i), *~~ L t-.:i:~ V9~ 

7 '7 - ~ :,- iJ' Gi'@:Y~ ~ F#:1;- L, ;f)j* 17);I*t~ -e ~ '"':) 11 

l':Ah ~jt:~n~lJ!;[~~-c1.JDAAT~::.. t -C', £:f~~11iI~': 

~~~':~~~fT~::..tiJ'-c'~~. i-17)r.~, WH4H.:fflv' 

~t£:f&~lffi t T.J tjJ:.:rI7);f~li1t)f-JiJ':!i~-c', 1PJ~i~.IJ 

~Lt-.:v'iJ'~':J: i)tj~'IU':~:jRT~£'~iJ'~~. *~ 

¥f!iilli Si(100)2x1 £flffi (Si(100)-2xI-H) t::: La2@CSO 

-'\-' La@CS2 ~~~T ~ t, f T' H t *BlIt,I7)*Hi 
.g-~ (-$l:,-./' I) :'-:7"¥:'- F) ~:::IJ&~Lt-':1&, -t-h~ 

*~t L~nlI::&Ull¥I)i%~7f;nlI:T~, v'~')$~ Volmer
WeberJy-17°17)1J&~~JFT51,6). ::"hlj, Si£{rnLl 

17) Jy" :,- :7" I) :'-:7" ¥:,- F iJ'7J< ~ mz .:r~::: J: -:J ~ ¥HiIil ~ h 

~ v' ~ t-.: ~, ~lffi t 17);f§li1tffl iJ{~~ < tj f?, 1 Jr;;] § 

iJ\ GtjJ:.:r rEl';f§ li flF ffl ~ JY. Bj( L t-.: ~jUliJ if Lv' J \ 'J -t- :,
:7'iJ'~ t ~ t-.:~-c'~ ~. ~r.~, Si(1l1)7x 71jh1j-~lffi 

~::: La2@CSO ~?;f;;WT ~ t, La2@CSO Ij Si(111)7x7 
yT1djl'* lffi 17) Jy" :,- :7" I) :,- :7" *':,- F t::: ~$ [j!!] f::: PR.~ L, 1'li 
i':JJ 1",2 Jil7)lji&:.:rJ~iJ'-e ~ ~iJ'G;ft.nlI::&iJ'g::.. ~ 

Stransky-Krastanov Jy -1 fl7)ll&~~JFT 5). 

~ 1 (j, Si(100)-2x1-H ;&Tm~:::~~ Lt-.: La2@C72 

~ lOOK ;f:; J: fJ' 58K -c'Wl~ L t-.: STM {~-c', ilfuJi 
~1*k f:::Tt'r~v' < t, m"*l7)iJ<";I*f'lli€~:::fmL 

~.~m~~Wl~~h~. ~lffi~~~~<L~~ 

'7 T I) 7 }v -1 :,- T:7" ~ - :", 3 :,- Vol.21 No,07 (2008) 

nm 

~, La2@C72l7)lmmr;iJ':j!niIJIJ~h, lJ¥.Hmm€~Wl~ 

-c'~ t-.: t ~~ Gh~ 6). ::..hG 7 '7 - ~ :'-1W~t':M 

L -C STS i~.IJ~ ~ 11' -J t, 7'7 - ~ :,- I7)f~:€ ~.:.r.t, t 
-C HOMO-LUMO .:¥'-t'J 7°t'::ilv'iJ'rJl.n~ (~2) . 

~%"t.: La@CS2 (j.:¥'-t'J fiJ'1tt <, ::.. h(,j La@CS2 iJ' 

1.4 eV .. ~ 

La@CS2 

-2 -1 o 2 

Energy I eV 

~ 2 Si(100)-2x I-H ~lffi~:::Il&~ ~ {U-.:r"'J~ 7 '7 - ~ 

:,- 17) STS 7. x..:7 ~}v, 

SOMO (Single Occupied Molecular Orbital) ~fi¥-:J 

~v'~ t.:~Tzb i), 1jgl7) 7'7 - ~:,- J: (?f~~BlIt,'I1: 

iJ'~v'::" t -'\-'~~{i~J3t~I7)~,~H6*~ J: < ~~~ L 
~v'~. f t-.:, La,2@CSO 17) HOMO-LUMO .:¥'-T'/, 7° 

(j La@CS2 17) HOMO-LUMO .:¥' -t /' f J: I? *- ~ < , 

C60 t IEJt1EJi~': tj ~. ::.. hlj, La2@CSO iJ{~.:rj,fJ~ 

m€-c'zb~::" t iJ'G, La@CS2 ~:::lt/'(.:¥'-T'/' 7°iJ'* 
~ <tj -:J t.: t.: ~ -C' ~ ~ 5). 

::"17)J: -J ~.:, ~;f~vilfuJitjt"I7)~'dt:~~tR' WnJ~ 

L STM/STS ~ fflv'~::" t -C'T.J t.iL.:rI7)7f~;I*t':~t-c' 

tj<. h.~:&~U, m.:rOO&if£~~lffitl7)ffiK 

~ffl,.~.€tj~~~tj• .:r~~~~mU~Lm 

*TT ~ ::.. t iJ{-C' ~ ~. 

T .J;j'!l:.:riJ'~~I:j:J-c'~~OJ~~-c'~-:Jt-.: i) i.@:ij~U:::OJi'@: 

-c'~n,;f, £i'~L~':T .JtjJ:.:r~~~~::::llfl!~-1tSTM 

Wl~T ~ ::.. t iJl'-C ~ ~ iJl', ~ < I7)T .J tjJ:.:rljJY..r.t,tl: 

iJl'~ < ~~H': J: ~ !J.i;~iJ{;1!IOJ. -C ~ -:J t-.: i), OJmtjtjJ:if 
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b) 

03 /-{)v7,:'}~'/ H:J:6rJ&~:0)~~~gj(b) c Cui!f5 

tR.1. ~::'Il&,f1' ~ itt..: j) -;f-' /' T J T J- - 7"0) STM ft, 

iJ'i~ iriiJJ~Ji (..:. ,X,) U&!'$ -C j) 6 t..: ~, ~M"I-O) 1$ ffrij iJ'lIl 
1f!1f: tj t~'J1s- iJ'~ v\. 171J X. (f, ?!~~~iiJ'WID L <i~fk~n":'/f i~ 

~~tfIO)fJIJ c L -C j) -;f-- /' T J T J- - 7"iJ'if:> 6 71. 

-r J -I- J- ~ 7"'HI~):\fiJ'I~:j <tj 6 C/'\ /' F )vT 6 t..: 
~, Jill t'I' ilt '$: ffl 1,,\ -C -f ;11- '$: r;15 <" iJ', !'IF, iBi) f:& 0) / '\ /' r' 
)V1t blTHt 6 t..: ~ l~,;wg il1 '$: I.w <T 6. ;): t..:. i~r!iJl~ c 
L -C ffl v\6 0) J]";) 7 [] [] .:L '5' /' -'t-' 7 [] [] ~[; )v L. tj c' 
0)J\oJT'/'i~aN;-Cif:>6t..:ti), )1::-'t-'AAC'&:r,t,t1iJ'M < 
~ 6. .:. ~ L t..: i~ iliz '$: !fJ 1,,\ -c -r J -I- J- - 7" '$: iiiHJ.H::' 
tfUn ~ it,Q c ~ !: ro9iili c tj,Q 0) (j:, ~\!b\i~iliz Ll1HR!: 

~1fiT 6 f:~H:. i~W;iJ'T:t - )vOYgti~~'$:M-:) Ei G 
MlJilX1tJliJ); (SAM) £;j:&tj c"'$:1~T':' c 'C'j)6. tE-:) 
-C, i:tlliT 6 rrr-u: (HH~ tj ~lP) i~!l-lO)~~ '$: 1'tj <T 
6':'ciJW !;): I~v\, -f':''C', Jill~~~-I--t./,/"{-~: 

/-{)VA /'\)V 7"'$:Jfx f) 1~'tt, /-{ iVA :/ ~ '/ r -c-iiJ;:119:£Z 
11iH: -r J -T J- - 7" '$: J:jtfIl! ~ it6 !J)t~iJ' ffl v\ Gh 6 8) . 

[;i{l 3 ~: / '\)v A / '\)v 7";t:;O)t~):\~ c 5t1>~~: Cu ~t&.1. 

~*m~it~¥~j)-*/'-rJTJ--7"o)~M~ 

'$:7f;T. R~l-'C'/-{)VA/~')v7"'$:fflv\6':' c 'C', i!f5 

1'&~rnH:PR.*':T ,Qi%HlO)~'$:1'tj <T 6':' c iJ,pH~ 

C', ~119:*~.1.O)m~~r'$:~<~ti)~~~'$:~T 

·Q,rz::·iJ'tj <tj6. ;):t..:, /~')v7"0)F7rjfjfJ~I:M-)'$:ilJIHMIT 

6':'cC', ~~J:<-rJ-TJ--7"O)*M~'$:~.-c
~ 6. /-{)vA/~')v7"'$:fflv\6!J';t:;(,j:, DNA 0)J:-7 

~: &:r.t,ttiJ'it:j v\5fr '$: ~A T 6 t~-6'~: 'b 1<e;hh -c ;J:; 
VJ, -r J 1- J- - 7" i' tjt:f1h~- 61>~!:;ffil.~-c ;fi';;:Jj 'C' j) 6 

7~7~/'~-r'$:~ti)~m~i'~-:)j)-*/'-r 

J -T J- -7"(j:. -I- J- -7"*iiiO)m~iJ'~tl '$:iME L -c 
1,,\6 9 1

• .:L V 7 r [] ~ 7 A 5f1blfA...r,t'ffl T 6':' c '$:~ 

x.O~-g-, .ill~tjro9M!,j:. j)-¥/,-rJ-I-J--7"*OO 

.1. 0) X m-'t-' ;'i~Hi~r~ 1t*~:tlj~ ~ ~: 51@ .:. 6 /~' /' F)V1 t tj c" 

~: J: -:) -C, 1~ Gh 6ifA-nO)~'ft1iJ'fll1.~~B9~":' T;fl'( ~ h 
6 'bO)c~tj-:)-c L;): -7 t":'tt'C'~ <, ~~-cr!H~~tl 

1( '$: ~ I~ g.:. T':' c -Cjj,Q. j) -;f-' /' -r J T J- -7" 

O)$:iiix:JJH: J: 61:::t%.~#ttO)~1U:~: EI T 6 C. $: 
1IDXt~(j:/~' I) AT 1'/ 71r,i¥-'t-' j) -;f-' /' -r J -I- J-

7"$ 0)'4L+0)+:lt] § EB1TtiE '$: ~1t ~ it6 W:I~ 'C' if:> ~ , 

~llii Xt~~: J: 6 j) -;f-' /' -r J T J- - 7"0) Jaj PlTli9 tj ~ 

%JftlO)~1t'$: STYvl 'C'ifil]5:ET 6':' c 'j:3F,*,~:;fi'M 

tj 'I'ff':'~ '$: 4 X. 6 _ 
-1;, STM (j:)~:-"f' ~rO)~J!.~t.:rt~..:. c c';): Gf, 

/ ~'1 7 A ~EE '$: ~n1JI]T 6 .:. c i: J: I~, ~Jtn~ lI!l 0)!.Ji'i: 
r '$: ~~ 1") I>~v \ t..: f) f.t!Fh ~ it 6':' c -C, [Eit-'-l v.l"( )Vc 

tH4'$:1JDr;ffIH~~T6':' c 'b PH'E'C'jj 6. ~ 4 ~:-f0) 

m):\~ c ~FiH:~1t L t::. j) -;f-' /' -r J -I-.::L - fO)f*
O)f§~ ~ 7f;T. -r J -I- J- - fO)~j1jj (j:jill,*, 7" ~ 7 ~ /' 

before after 

[;i{l4 STM 1*H~ ffl V\ t..: j) - * /' T J -I- J- -7"A...0) 

xFf8~A. i,;ij:ij[-7-L-C/"17 A ~~1t~it-cv\ <c 
?zF>IBiJ{~, tt..:a~,¢.i:'C'~§}j~ (Z) iJ'~1tT 6. 

~ - r IEHfJ'H: 6 ~ lXi-CfllillX: ~ n -CV \6 iJ', / ~'1 7 A 

'JiEE i' ~n:tJDT ,Q .:. c 'C'r.Ei .g-iJ'~1t L XF>(BiJ'~A ~ h 
6. -f O):fI~'j§: (j: 5 b! J~ c 7 ffii J~'C't~M ~ h -c ;J:; I~ , 

.:.0)~mililp)d:~Ji/~17 A~EE'$:~n:tJDT6 c, 5 
ffiiJ)fi:c 7 ~:E~iJ'6ffi1J'~A...~t*-llX:~h610). 

-f .:. -C, .:. -J L t..: tHI}j '$: Mlh. -6';hit 6 .:. c ~: J: f) , 
!.Ji'i:rv.l"(~O)~~'$:~A·~~L~~~tt'$:m~T 

6':' c -C, J-.~[',ro9*~U:j~' L.li~ljtD~~1~·,6':' c iJ' 

i'iHl~.:tj6. ;):t..:, !.Ji'i:r'7~l!J-V-~3/'l;t!.Ji'i:r 

-'\-'5f~f '$: JfJ( ~ fW<v \ t..: tH~WJ ~ it t..: I~ T 6 .::. c t..:' ~t -c"' 
(j: tj <, :f~~tTI[r (.: jj,Q H'f-l ~1t~&:r.t, ~ it,Q .:. c 
'b i'iJ~~-c'l1)'12), .:. ~ Lt..:-¥it:;i:J: f)*frLv\t~~'$: 

fF~ L'~rt~j§:0)~1t'$:1Hi~IJT 6':' c 'C'~Jl' L H*~E 

tH-l . *+0) ~~iJ'~JH~ ~ h 6. 
J.!!::9=-. lj!J! j) - * /' T J -I- J- - 7"0) r*Jjj~~: 7 ~ 

V/''$: Ah t..: il! - ;f '/ r J c v\ ~ ~'f7-* ~ -r J j) 
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*'./ b 1:.m ~ n ~ J: -? i: ~ ':d:: 13>. ~ - ;f- ';; H±jjIij 
)tM1O)Dii"ImIt't-::*~ tJ -;'G'./ T / T::L -7" t 77

v./ O)fJi5K 'i-lf7 AT::L -7''i:An, ~~JlR.%.l-C 

500",600°C i:f;-!t: l t::. t t 2",3 B rI39~~i~T ~ tlt'-? 
~F1jn=-fi,9!~Ij1Jit;-e1:.ll.lt ~ n~, ~ -;f- 'J ~ O)~tJ 

,± T / T::L - 7"-t-' 7 7 - V ./ i=- I± Ij It '~fT l It '~%'ti 'i
~~HI!T ~ .::. t "C' J; ~. 17IJ,Z (;f, Gd@CS2 'i- r"'J'2L l t-:: 

~ -;f- 'J ~ 'i- STM -e~JH\~T ~ t, Gd@CS2 ii''r'''J:M 
'=-1'Hf l-C It' ~ t .::. 0 ii"jiR~~O) T / T::L - 7" J: ~ b 
),''/ ~".:¥''\''J 7°iif~Yt < Ij ~, i:~i=-J5:It'~Hiii"J~n 

~ 1:3) • .::. 0) ~ -;f- ';; ~ 'i-illj~·~-=t-Jm1)1H~ (TEM) 'i
Jtl It'-Cimfkt ~ t, T / T::L - 7"rj;;]:g:50)~~r*J'2L 7 

7 - V ./O)r*Jf5'IH':.'I',It'JXI.¢.!, 'i-ri{t~T ~.::. t iif"C' ~ ~. 

.::. n(±~~r"'J'2L 7 7 - V ./r"'J:g:5i,:fH'fT ~~~J!;tt
"C'J; 1'), 77- V ./rAn5-eO)~~W:-J-0)1J[Q]~1~ii 

iifwJi.~~n~ 141 . .::. -? It-::*Hli- STMjSTS iPIJ5E 
'i-{*-t±"JtlIt'-OJHJTT~'::' U:J:: V), I6JpJTB/0~fr.Ij::@:t 

'7 7 0 Ij tH'~ 0) rVJiI 'i- I3jJ Gii' i=- T ~ .::. t b ~,-{& O)jjJf 
~E0)1f[Q] t l-C~Jj1~' ~ n~. 

3 .=Fiii:f.mT t-:' 'Y ~ 0) STM/STS 

TIt+ F'J ~ (±-t'O*5I;0)5ft\1t']i--r,tj tj2,&0~:!J::~U=
J:: V), ..I.;f,)~.:¥' - ~{~ I±I!J~-IlX1t l, -f O)t~~ ~ It' iif 

~ F>~ 0) w: -=f i: 1J;J, -C It ' ~ .::. t ii' GAI w: -=f t b Of ,;f 

n , ~%,~,Ij ~ %. ' 7't ~f:~%'tE 'i- r,t, Jtl L l:: T' / ,'1 A 0) 1m 
~ii":i1t&0 Gn -CV'~. -lIT-=f F 'J r 0)i!:-=t-;1*!i~(±-f0) 

fj[:1f-'(>Jf~~*t':5~ < 1t~:f? l-(~1tT ~.::. til' GWHfi'=F 
$tl-c~~M~m~-e%~·.-=t-~~'i-im~-e~ 

~ STMjSTS iifJ: < ffl It' Gn -C It' ~. *~-el±iFtili 

O)jjJf~~tL-c, ~$~~-=t-F'Jr'i-~.tl~M 

iPiH:"'J It' -C *B1l'T ~ . 

[;;{] 5(a) t=- PbSe TI!:-=t- F 'J r 0) STM {~'i-7f-:T 151. 

~J\';f-l~;fR I± Au(111) *rnLl. t=- ........ -t- +j- ./ :> T :t - )~ 

§ cM.I.~1t!jt~~f~ (SAM jj~) 'i-*~n.lt It-:: b O)"C'J; 
~. PbSe~: J- r" 'J ~ I± ~ 01 r"iti=- J: V)fF~ ~ n 
t-:: b 0) "C' J; V), :o'r.:':':-f F 'J ~ 'i- ~1t~ ~ -t±" t-:: i~9~~ ~ i: 1 

~~~fi'i-~T.::.t-e~fi~~~-=t-F'J~'i-mM~ 

-t±"~. "t- F';; H~OOI± ........ -t-y)v7 ~ ./~-=t-I:J: ~ 

1*~~~n-CIt'~iif, £1R-ifi-=t- F,;; rWoo-el± PbSe 

'7 T I) 7 )~ 1 ./ T 7" V - Y 3 ./ Vol.21 No,07 (2008) 

t ........ -t- +j- ./ :J'T :t - )~ 0) S £ ii"*~ il:5 ii 'i- ~~n.lt T ~
 

.::. t i=- J: V) £fR~i=-~5Ei=-~5E ~ n -C It'~. -fO)t.:. 
&0, STM ~./;f,)~~ii!±[;;{]5(b)i':7f-:TJ:-?t:, ~ 

~.:¥''\'';; f t M~~~ttO)~-=t-n~ (J1 t J2) ~1r It-:: 2 
]! ~ ./ ;t, )H~% 'i- *~JJ.lt l-CV' ~. .::. 0) 2 -:Jo)*@.*~~ 

!§% t.: J: ~ ~~£;fR -t-' STM fj#H to) 11 'J 70 1) ./ 7" 'i

t!P*IjT~.::.t-e, :J:- F'J r**O);t-l1+;I*l~i-~tiRIJ 

T ~ .::. t iifPT ~'~ t Ij ~ . 

[i{I 5(c) t: PbSe ~ "C'JfJ(1'~' l t-:: ~ ./ /f 7 -)' ./ 7, A 

~7 I,)v dljdV 'i-7f-:T. 1*Ht t-::I± Au(111) £fN 
0)7.I.)v~ v/'()~ (s} tt-::I±s}) iifjrl:-fF'J rO)..I. 
:t,)~.:¥'-iJ!H~t~ l < ~~ r./ ;f,}~'i[J±t=-.t:;It'-(~ 

q~ r ./;f,)H:J: ~ r ./;f,)~~iJiEii"±~*T~t-::&0, ~ 

iJiE~!± (I-V) 1ttI«;,1tl±p{H~~* i:±~* l, -(0)1Wj~1~0) 

dljdV A ~ 7 r)~ i: i± F 'J r 0)~1~i.::X'fr,t,T ~ 'oi!± 

Ct:> It'-C ~ - 7 iifI~n~. jjlij9i::E:D-e7f-: l t-::*~~I±ifl 

-=f ~" 'J ~ 0)),'./ F.:¥' 1""J 70 i=- f~~ T ~ ill', ~-@.*~~ 0) 

'C!1}±p1lo T ii"J; ~ t-:: &0, ~tiPIJ1ft[ 1±':kI:~O))" / F.:¥' 1"' 'J 

~J::0*~<MOO~n~. ~~-C, 5E~~Ij~V)m 

It' 'i- T ~ t-:: &0 i=- I± r ./ ;f' )~1~.g. O);f-T ./ y '\' )~~::tn 

'i-~HrUrlllE'i-1T-? .::.tii"£,~-eJ;~. [;;{]5(d) ,± 
STM {~O);~J ~ J: ~ i.-~I±\ l t-:: F'J r O)tj[:ff~':~ l-e, 
STS ~ti~IJ J: ~ 1~' Gllt-:: '11:-=t- F'J r 0)/,''/ r".:¥' 1"' 'J 70 

'i- f 0 'J r l t-:: b 0) -e, 7't~IJ&JI:RA ~ 7 r)~ J: ~ 1'~ 

Ght-::1~ -t-' Tight-Binding ~t~ t: J: I] ~I±\ ~ j,1..t-::1~ 

t J: < -rJe l-Clt'~ . .::. -? It-::~itt=- oJ: V), 1JQ],q 0) 
fr: 1- F ';; r O)~;y.tt 'i- ffffiljT ~ .::. t iifPTR~ i: Ij ~. 

t t-::, .::. 0) J: -J Ij 2 W r ./;t, )H~%O)t;j,%, It' < 
"'Jii'0)~1!:j:iifii*Jt.:. ~n~ t 7 - 0 ./r,tj~tD¥"fn~ 

I~. ii"ftJhPlj ~ n ~ 16). 7 - 0 ./ M1.!i t Ii, 1~Hj[:-=t

O)j!jrr~..I.:t,)~.:¥'-i:J::V)~-TO) ~ ./:t,)~iif~il1l:.~n 

~I~."C'J;~. 7-0./~~~O)rmi~iH:'±, rilfJ!fO) r 
./ :t, )H1UJtii":j:lUJt:i:':'f (};:-=t- ~ ./ -)''' 7 -)' ./ A O)~~ 

0) 21.g-) J: ~ b +~* e. <, t t::., fiL'+ t: il't-=t-ii"l 
"'J~*3:T ~ t e. O)j!jlfr~..I.:t,)~.:¥' - O)l~1Jo~iif-llk-:Hffi 

G e." "'\"~-!t:..I.:t,)~.:¥' - J: V) b j~ ~ It ',£,~iif J; ~. 

7 - 0./ r,tj~~ii"j@'::' ~ t OV 1,j-J5:-e(±~*BSi:~ 

iJiE I± iiTE n -r, J; ~ ~~5E~J± (7 - 0 ./ .:¥' 1"' 'J 70) 'i

~,z ~ t ;.:.LiiTEiifiJiEntzB&0 ~. -f 0)1'& 'i1')~tj[: -=t-r*J 0) ~ 

-=t-tj(O)i~1JO (M'r·~-lt..I.;t,)~.:¥'-O)±~1JO) i=-1'F1t" ¥P:/ 
7 - 0 ./ r,tj~ i=- J: I] -5E~iJiEO);I*!i~iil'~:7C< ii f , ~ G 
lj~tltJ±~1JOi':J: V) 7-0 ./r,tj~iifr!&Gn~iiTEiifi~ 

1]0 T ~. f- L -C 1~¥~' ~ t: ti J:. ~c 0) -If 1 7 )~ 'i- JIIR*k* 
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(b) 
E2 

STM 
lip 

capping d 
molecules 

hexanedithiol 

2.0.-------------, 

(c) 
1.5 

-1.0 -0.5 

1. 

O.OI:l-::-"'"""'":t-::---,"--;:f::--",,"~'--""'--:-+::-~ 

12 Jl EI 

> 
~ 

~ 1. 

Q,) 
g 

'" 
~o. 
g> 
'1Il 

O. 

• STMgap 
0 optical gap• - light-binding 

(e) 
3 4 5 7 8 

(jameter (nm) 

0b ) I 

II 

I 1.0 .5 
V_oM 

8.15 PbSe II j'. F'J ~~tjRIJO) (a) STiVI i~, (b) ~:/ ;f,)H~,g-i5GO)t~A~ (ti) Cl'i':/ FIEI (;b), (c) dl/dV .A~ 

7 I')v, (d) #jf: -Til C / \:/ r''.::¥' 1" /' 7'0) r!fJ (,!f:. 

(a) - (c) 

8.16 :J1.::r-I"··J r (a) STM i~ (H 1.1 F 'J r O)~j~) , (b) dl/clV .A~7 r )v, (c)-(f) ~7J:-~/,'17 .A'.l,Li±-(0)1~ 

!FJJIU1~xO)~ra9? 'J 1:::' / 7" (T¥xLHt~~: J: ~;I*t~'&:}3tO):Jt7ffl) . 

~~T. (b) iJ{ F'J r1E:1;t-CIj7-:t1]1t ~ ht..:. dI/dV dB 
;j\'F" (c) ....... (f) iJ{ dI/dV 0) ~ - 7 ~:Mr.t,T ~ ~JE-C'Bt 

jfllJ ~ ht..:. dI/dV(~-C'~~. ,%.~1{*** cMr.G-t ~7f~-c' 

-n.n:i;j:Bt~~: J: ~ 3f<:<Y"Jt..:.:Jt!:-=f F 'J I, O)m;pkl*:~WW 

&)J'-7ffl ~~-t. dI/dY 1~rj:fJI-=f F 'J ~ 7f~;I*O)~FMtfJ; 
3.1 O)j~.IJ7E ~i!:-=f F'J r .1.0):{§-.¢.i:'C'1T -) .:: C ~: J: 

tt~~~<&S;9(L-cH~, [1-10]/JfPJJ: I~ 'b [1l0]/J1oJ 
~,a-TF/'r~O)~-=f~~~ft~~~~"('?/'~:/ 

~: ~~ <.:: 0) /JrPJ~: iil£-r Mt J6<Y"J iJ{~~ v\ t..:. <Y"J (010) ;1* 
7"-t ~ .:: c i> 1lJ~'E-C' ~ ~ 17l. 8.I6(a)~: MBE ~: J: 

t~O)jJiI{.I.;f, )v.:¥'- tr-.H:~ <7J:- ~ t 1# X. Gh~. ~ 

~) 1t*~ L t..:. GaAs(001) J:_ InAs iIT-=f "" 'J r 0)~1-jWHJIJ 
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-0. 75 -0 50 -0.25 0.00 0 25 0 50 0 75 1.00 
energy (eV) 

[;i?] 7 2 ;j\5t~*~':~e9IJ Lt-2 PbSe li=f· V '/ ~ (J) (a) 

STM i~c (b) (c) ~7J: ~~*t~(J)j£trl·'::k'JT~ STS A 

"";; r)v. 

G f.: i-:¥:i*(J)~*t~ 'b wJ!.iP.lj ~ h -C H IJ, f1Q14 O)ii-=t- ~" '/ 
r (J)7r~;I*~ilih.1,)"j;[+;I*t~I': ~~ v'~;1'! ~ &.11 L-Cv' 
i51'~~-=t-16t1,)' ~. 

[;i?] 7(a) 0) STM i~t;l: 2*5t PbSe :""~ V ':J ~ 7 v 
1-C, r~w L t-2-~.::r r" ':J r Fa~l";.t£-j'·;I*!t~1,)':iJ ':J f I) 

/ ;;" L -C v' i51'JfJ-1,)~'fqg~2- ~ h i5 18). [;i?] 7 (b) (c) ~.: ~ 

7J: i5 ~*!t~-C(J)~ '. r- r" '/ r 0) fcJ pm*!t~~"J!U.:ttJ;t, T ~ 

~Jil.tB1~l~)t:J / .;,0;; ->' / A dInI-dInV ~*T. BlUr. 
Lt-2 PbSe V':J r _t. (l&J:.¥J{(J);;"'77) l"I;J}iUXil! 
1'H.::ktlt,T ~ I! - ;;1,)~-rliJ!.i~IJ ~ h -C v' ~ 1,)' 2;j\5t 7 v 

"'? T I) 7 )v 1 / T ;;- v - '/ 3 / Vo1.21 No.07 (2008) 

1 J:.l"I.:J:t~pJi'~j£tf'i:J: f) 1!-;;1,)'7""o- H~L, 

[;i?] 7(c) arrayl.....,3) "'C (;): A "";; r)v (;): f>liHJ{*~*"'- c 
~1~ L -Cv'~. F>~¥.Ur~;I*(J)~*t~WJi(;):*1,), 2 ;j\5t"'
c ~1~ L t-2':::' c I'::k1'1t, L. ~H~ ~" '/ ~ c (J):iJ ':J f I) 

/ ;;" O)~~ v'J.;wi?;- r" '/ ~ Fa' 0).I.:7, )v.:¥' - il!isL O)ift.IJ.lU: 
J: I? I'; / V.:¥' -\' '/ 7'1,),~ L <illT L. ~ -r V ':J ~ 0) 

i&:wh Ijay: 1,)'1~1~ L t-2 V ':J ~ "'- 2 *5t 81 I.: it 1,)' -::l -C v' 
i5':::' c ~* L-Cv'i5, ~r#.(J)It,),!H:t:3v'-C (;):, .:::.-) 
L t-2I~H~T ~ V,/ r Fa' O)t§]ifFffl1,)" tJi'j§:(J)/f~

~ ~: J: IJ tiG G ('t~.::r 7J: c' ~ -2;" CO t-2~t1Jl'1,)"Q'~/fPT:7z 

C7J:~. 

~~1~~PJ£ZU[iJ:. (.: tg1~ L t-2~~f*H.iL .::r(;):. tlt0) rfll" 
it <ffl v' Gh -C v' ~ m:1~~PJmi~Lfi£~fq!l!Y~(J).:c T")V c 
7J:~. ~O)J: -) 7J:*~Ht$tJ11:/fi5tt7J:~~"'e&?-::l 

-C tf)tH.iL.::rf~ L Ti02 ij c'(J)@3i:1~~1kj]jJ:.l:mtcffT 

i5':::' c (': J: -::l-C, -m:1~m~ (CO) (J)M1U~It,ij c·' 
('.: ~F1t;'~: I'~'j v'i5'l:1 ~ 7T;T .:::. c 1,)'~Jl[i¥J G1,)' I: ij -::l -c 
~ t-2 19). 

.:::. (J) ~1t,O)i5ttLi, %~1*~mt~7J1*~: 110 7~. !ff~': 

1'!Li!U': 5~ <1~1.fT ~ .:::. c 1,)' G. .z- (J) ~1Z9 ~ SA G1,),~: 

T ~ t-2CO. )v+ )vm! Ti02(llO) £(mJJ:.I: Au iJ!,H.iL.::r 
~fF~ L. STM i" ffl v'-c~tiP.IJ ~ ht-:*.iLiI c STS A 

"";; ~)v, ~ GI.: -1$'1tm~0) ~1t,i!JiO)~'t~1*1,)'~}Ii] 

/'(Gd'lL ([;i?]8). STSO)tg=*iI'G ([;i?]8(b)) ~~ 

f*H.iL -=t- (;):. +T 1 7~' (J) *~ v' t 0) I;): I {/ ~".:¥' -\' '/ f i" 
tcfft-2f'~':~~f11l"&?i51,)'. i1liI3.5nmtJT(J)+T1:;:: 
I:ij~ CI\'/ r".:¥'-\"/ f1,)'J'Jl.h, +T1 ;;(1,)'/J\~ <ij 
i5 I: -:J h -c -f (J)1~i.J"* ~ <1j ~. 1\' / F.:¥' -\' ':J f1,)' 
O.2.....,0.6eV O)*.!L.::rO)~~$.iL.::ri1:I'::kt LT fo ':J ~ T 
~C ([;i?]8(c», i5'110)E1±l~.~c7f~;IR1,)'-rXTi5':::'ci.J' 

G. ~F~fg;\(J1ij'li~ c c t I:~It,(J)15'111,)'~ t -Cv' 
i5 .:::. c 1,),)t1,)' ~. .:::. 0) J: -) ~: T / i~.H.iL .::r~1!ijl(J)i5'f1 

I;):. 7f~;I*~~.::r;I*l~ c i~ <1m)! L-C t:3 VJ. STM i" ffl 
v't-:.:::. d'l G O)r~iJ{dl ~IDIi]/'(~MJE1,)':Jico G h -c v' < 
c7;.zGh~, 
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(a) 
50 

40 

30 

E 
c 

20 

10 

0 
0 

(b) 0.05 

? ........ 0.04,

C 

....., O.OJ; 

~ 0.02 
' 

~ 001

o 0

~ -0.01 

(C)
 

. 

/" 

:= -0.02- l i. 1;
Q) •• 

c: -0.03'; I I 
c: • 
~ -0 04- f I It 

-0.05 (. 1
-2.00 - I. 00 0.00 

10 20 30 40 50 nm 

I l......... Clusler (50 x 25A) ,

-1,J- CluSler (40)C ISA) ~ 

-rCluster(JOxl0AJJ I 
--CI"sted25 x 70All \ ~. 
-Tio,(I10J /.1 

1:'.. ' 
~./.TJ!!
 

I. 00 2.00 

Bias vo I tage (V) 

Au/Ti02
~ 

~.. 
T 

" ,
 
'-", 

'.
 
•
 Au/T i 02 (110)
 

0°	 " ,.. 
"1l. ... .. 

AJ..J clusters with 
a band gap of O. r-o. 6 

.,. rreasured by S S 

.f. 

... ;~ 
0.0	 2.0 4.0 6.0 8.0 10"0 

Cluster Diameter(nm) 

~ 8 Ti02 (1l0) ~1ii..t.1:::1"F*g LJ.: Au lJr'H.!iTo) (a) 

STM 1~, (b) ~tj:61l~1'f-:::>f.!iTO) I-V flM:,Jjt, (c) 

f~~~fJ~ti5tJ:.. ) \ / ~":¥' -1"J f c*.!i Til0) IUl {,J{:. 

~,i:J5: I±~)\:;t'!ftt~;fiT :6 T / f.!iTO) ~~/)'JJl: Iv ,::: 

i~ <16 Gh -(\, \:6 20). -t- 0) J: -? tj *HJi tj ~m'11/)'3VJi. 

T:6-!T1 ;;(0)*.!iT~'T')\1 Acl-CJfj\,\:6i:::I±. c" 
O)*~ ~O)*.!iT/)'. c'O)l¥.J.tO)5t1&. j;:6\'\(±i~t#: 

~ LJ.: c ~ (:::. c"O) J: -? tj:~p)'11 ~;ffT :6/)' (-(JU.z (i'. 

c'O) J: -? tj '~T1J)hi~-~;UoO)*~ ~ if-T /)', ~) (::: 
-:::>\,\ -C~HIllIj:9:-o!ie. ~ i~':6 £'~/)'j;:6. .::. h! -c'j~~ 

-C ~ t..: J: 1 (:::. STM (±~llii*~*~Wl~T:6t":'/t-c' 

Ij: <, ~** Ij: itd::: -:::> \, \ -C fcJ pJTB~ tj tmtt ~ ~Jf,J~:6 t..: <16 

0)5.p.JJ tj-¥it c tj? ,(\'\:6. *~-c-(±, STM #;)\:;~ 

F!')\,\ t..: T /;f.!iTBtiNU O)OJ~E'11(:: -:::> \, \ -C *B1r-T :6 . 
STM -c' (±:I*ft c ~M40) ra' ,: ~ / i, }V'~iiiE ~ iJ1E T 

/)'. -t-O)~*, )\17 A~J±~~~iiiEO)*~~ ~i@:W(': 

~9:~ T :6 c~M~· r.p -c'.~~ +j!n ~ j@:" l, ~J't ~ ffJl intl 
T:6'::' C/)'"ilHEi': tj:6. ~Jbp'IJ~O))\:;*ifd±~9 i.: 

if-T J: -? I:::, ~*B~I:i± STM -c':I*~l/)"JE1tT:6~ 

PJT(:::~,¢.i.~.g-bit-C, v / ;{~[!!]llii~~1j: c<~~U:J: L, 

1&te ~ h:6 7 >I- ~ / ~1'~ten[:::~~ <t"=it-c'j;:6. t..: 

To Spectrometer I, 

t..= l1'§t!B ~ 1.1..:6 7;;J' ~ /0):'-- ~;rT }H~J.tI±. ~f~fft 

CCD ~Jfj\,\t..::t~.g-i:~5tO)*)\:;-rt~+:tJ'7 / ~U 

ri: 0) fJ'& ~~ tj 'b 0) -C. j; :6 t..: <16 , )\:;*it~ 0) mJ lID 0) ~ )\:; ,± 
A%(::: 1T -) £.~ /)' j; :6. .::. 0) J: -? Ij: #:)\:;* ~ ~:/lch- 16 
tr:: c -(', fcJ pJT B~ tj 3€ )\:;~~'11 t STM 1~ c lEI B'if I: Ill/: 
i~' T 1.> :: c 'b "ilJ ~'E I: Ij: :6 . 

::h!-c":, ~~, .:j~?W-1*, ;f.3J:U';fft*5t~tjc', 

\,\ <-:::>/),O)*-c'3€)\:;O)WW.lJ/)"1j: ~ h -C\'\:6. i:~-c' 

,± 7'-7 ;J;' -t /, -S-T -Co (± 'gitH pq %[1 -C- 0) ~T ®J jig [.: J: ? 

-C 7>1- I, / /)'1&1±'1 ~ 1.1..:6/)', ~5tT-C 'b #;)\:;/)'fiUlj 

>
+-'. 
>. 

+-' 
0 
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~ 
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c: 
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c:.~1-t-::iJIJ 211 iJ"ib6 . .ili:~J:f:'*JH:t7t-=f/§iJ"B~1'± L 
-(\" 6 *d:.:f;iU-liJ"tihlf: L, ~:/;y, )v'i':/1iHEiJ"iJJth 6 ~~ 

O)1'if!;A~ ~ ~ 10 f::JGT (lNkW~: IJ:1JUft 7'j t;!lt1J\'iJ":f{
1'±T6). 

Organic

Tip layer Substrate
 Vibrational 

levels 

~ 10 STM #::Jt;J:. ;y, )v.:f' - 1" l' 7 :1' '7 L. 0) -fJ~. 

t~HiJ' G ~ :/ ;y,)v L t..=/i\[-=ff:' J: -:>l, 5.J'':-fr*J-c'',-!i: T 
j~t~ iJ\'its -=- 6. 7 ~ 7 ~)v f:. t~!M -=E - V0) 'I-Mii 'b J'li 
~1-6 . 

STM ~bt;O)~Jf1E I,i 1990 if1-t iJ' G§ Iv f:' ld: ~, .ili: 
JI1\ 22> ~-'¥,*1*0)!i!il:j!j~3'H[j 23) 13 J: Ui$n~ 24),25) 

f:' --:> v' l #::7tiJ"ruJ1i~IJ c:. n, -f O))jJ1.Jits-~€:7t} fJ :::...:;:: L. 

f:,--:>v'l~~~iJ"1Tbnlv'6. c:.Gf:', TJt.iL-=t-~ 

m:+ F ';! ~, -7 '7 A 1 - ld: C" 0)1)!HIlJ ld:t1J\':i§: i- )(q~ C 

L t..=M"9'-E 'b v' < --:>iJ'ld: c:. h l13 ~, 1*,H181rl,:'1~=- -) *JT 
m~v)'110)#;J'Jii-WrtET6J:-Cill-1 c:.~1-6. ~:/ ;j',)v 

~im ~iHET~J±(i, STlVI iJJHf~i-q:d ~ V tlEJiiJ' G, 
'i:3'f.1!.ztl:H:' J.Ii v' 10V J-j,J:O)5Ri.c~ 1-C't!~4 f:. ~h. G~1

lv'6. 

.ili:~T ./f.il-=f-c'(i, Ti02 f:.tl!:}'ifc:.-tU..= Au T ./t.iL 
-=f 26) -'? NiAl W1tljO)J:0) Au-Ag iJi:.7 '77,1

f:.13Ij" 6t'/li::I~ C#::JUf'110)i*l:iI 27) iJ"il?!l4 O)f.il-=fO) 

v'« )V-C~ /'( G~1- lV' 6. 1 t-::, -f 0) iii!. f:', *J1*7t 

-f-c'WU:> ht..=tJii 4 7'j.ili:Jm T J t.iL -=fiJ' GO)#;:7tiJ"jIJ1mIJ 
c:. h lV' 6 281 ,29>. -=- h GO)~Jf1El"M~ c ld: -:>lV' 
6 T ./ t.iL-=fO)+J-1' :;:: wt!z: nm~ ~x-r nm f.¥rt-c·ib I? , 

§f;:J[;ti3=.f:'7°'7A'-=E:/f:.J:6 'b0)-c·ib6. Ti0 2 J: 

0) Au *iL-=t- -C'li, 1*H c tiL-=f c 0) tfilL fFffl 0) h f iJ' 
ld::@v'-c'*ill c:. h 6 f'7 :;:: -=E :/ 0) -=E - F1J"~1r T 6 

-=- c ~, f.il-=f+J-1 7~' f:' it~:f{- L t-::#::7tO)~§:1Ji13 J: ell 

;Y,)v.:f·-0)~1U";j,;c:.hlv'6. NiAl ~~1r~J:0) 

'7 T I) 7 )v 1 :/ T 7" v - Y 3 :/ Vol.21 No,07 (2008) 

Au-Ag7'771--c'I±, Au C Agi-IdJH.f?;~~:T6 

C nti~iJ"~F-1f;'~:' J: < iJ1.iT L t..= 7'7 A 1-1J"1:.JrZ L, 
1 t.:., ::J 7 - Y -LJH1J\'j§: i- *JT ~ -7 '7 A 7 - (:. T 6 
C, Au, Agv'fh~::J7, Y.I.)v~:T~iJ'-C·§€:7t 

O)*tiJiJ"~h ~, tfl}:i§: c it.ili:1 r$i1h 0) rMl i!iJ"#::)\:; 1,)' 

GJqHff -c ~ 6 -=- c iJ"JF c:. h lV' ~. -15' "r', Au L 0) 
Ag T J 'fiL':-fO){JI] -C Ii, tiL-=f(i::J 0 l' Fifi.iJt1J' Gfv~ 

~ c:. ht..= 'b o)l"ib ~, l'!;:t~J:t:'72~~(:'IBJ~L -cv'ld: 
v'. -=- O):%-c"r±, T J t.il-+iJI'1*~rt:. J: -:>lfh ~, -f 
h t:. i* -:> -( §€jI;iJ"i" :/ / i" 7 T ~ c v' -:> t.:. -=- c 1,)"jl~ 

i~IJ c:. ~1-l H ~, T J ~:;J:-=t-O)#;:JI;iJ"71 'J -J-:/ 7"-C ~ 

6 'ar~~'11 i-JFII~ L -c v' ~. -=- 0) J: -) ~:., !,i£.(\iI, T J 'fiL 
-=f0) STM #;:7tt-':'Ij"~ ,~J 'b, H1'40)*fl-t..=7'j.Fll;fl';f~ 

--:> 7'j iJl' 6 fJii 4 ld: 9:0 ~ iJ"1~ Gh ~ -=- c iJ"l-J.Wio ~ h 6 . 
-=t.=.2if.1*it+ V,;! ~T'Ii, ;f!40)+J-1 A'O) InAs ~"'J 

~ f': --:> v' l #::JI;~'ftU:'ImT 6 'Ii'i!~RiJI'1.;!f, Gh -(I,,' 6 30) . 

~'-'J I, Ii.:\=- -'r 'J 7° ',', -c':l:.I&')J2, 1 tL lV' 6 t..= ri) STM 1* 

t-':'lrC:-lifFJiJ~l" ~ ld:v'iJ", :JI;0)1ci~"i- STM i~c [5JB~ 

1,:'~Ji:1~T 6 C, 11Q140) F /' ~ iJ' GO)§€:JI; ~ >~ 6 -=- c 
iJ"l"~~. -f 0) iii!., AuJ:t:'i~:Jt;i-r;jj("t.:.ri)t:. NaCl 
i- ;W;~: L, c:. G t:. 7 '7 - v :/ ~ ?t~7I3' L t3x+ nm 0) 

*- ~ c:. 0) ~;I*t~j§: iJ' G0)#::7t 31> ld: c" 'b ~i~IJ c:. tl l 

v' 6. -f -=- -C' Ii, 7 '7 - v :/ O)~:7t13 J: U'1.J:i:7tiJ" ~ 

Gh, ~~c&<-~L~~~$N~W~-=E-FO) 

'ItJf.~IiJ\'7t-=fJtWt-~'~-C·1~Gh lV' 6. 
T J ftlf.:i§:O) STM §€jI;li, 1 t-':'JZ,ffl c:. ht..=*~1,)"~ 

< ld: v' 0) iJ"JJi.:l;l~-c· ib 6iJ", :i!ly;/q.*, t'R 4 7'j T ./ tiL 

-=t- ~ ~8ri) c T 6 ~JfH:'l'!rJ L t..=*~0):7t~:~+'11 i- IDIiJ/'(~ 

J:l".*7'j~~i-m0'bO)cM~c:.h6. 

6 7t STM t -t O)J/tffl 

STM c JU1Ji@ ~ ~:llh. iT h1t 6 -=- c f:. J: ~, T J 

tiL-=f *~ 0) Jt:7t*B~ 7'j 'I~ 'W i- STM 0) ~ rB9 :7tM ~.~ -C'1'~' 

6 -=- c iJ"-C ~ 6 11,21,32) -35). 5 ~i:-C·:iZl'i/'(t..= STM #: 
:JI;i~IJ1E-C'(i, ~;f..:j-i- ~ :/;y, )vf~imt:. J: ~ Dlhits L l #: 
:7t7~ -7 ~)v ~ ;~IJ1ET 6iJI', :J[; STM -C'li, gM-li
:7t~¥.Mt:. J: I? wbits Ll :7t~J9j@ ~ :/ ;y, )v~;[ i- iNttT 

6. :Jt; STM ~ ffl v' l Jt:Jb~IJ1E ~ 1T -) :l:~it, g1(;f..:j-'~ 

J±ib ~ v' liJJi1.Jits:7ti&:EtiJ"J:.;Y,)v .:f'- 5tWt(0)-f-t1: ~ l§.

7~ ~, *j~Ii, ilffi.Jif:' J: 6 7.I.)v ~ $1}[0)11ImiJ"l;Y, 
)v.:f'-7tj~r.~~ ~ ilil]~.m.T 6 t..=&'), lOmeV J-j,T O)7tfil)Hj~ 

~ 1~' ~ t:. Ii, *!i!iiJ'fuO)iRIJ1EJ:~±J[iJ"o£,~t:. ld: 6. "c-=
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"'e~rJi~ft r:.;J:; v' -c 'b fi!Ii V'.I. i,)v -:¥'- 5tfiJH'~ ~ ~I)l 

T J.>t~ &0 L: ri, f&~O)JJJ)Jg:JI;i&:ffi: ~ ffJ v' t~5t7t ~ ffl 
v'h(:rJ: v', 

:JI; STM ~ ffJ v' 1.> J~ EJ, ~ ;lk1t~ 0) r ./ 1, WI'[ iAU: 
1K~IjT 1.> t~&0, :@r,ttrj::JI;~?M~@J'JJB1L:;;J-./ . ;;J- 7 
L Ij 7'J' G r ./ 1, w<lilJiE-~jt5f4) \ 1 7 A (I-V) *f'11 ~ 

M~T1.>~t~, ~~~·~~~O)~v~tt~~~ 

f: If~ f~T 1.>. ~ h ~ ffl v' l, 7t r ./ ;f' )v'iJl1iJiE ~ ~"t5f4 

)\1 7 A 0) I'ikJt~ t Ll;:~&0 1.> ~ t --C'.FcJPJTB11j;fj- ./ 
:/ --\"' )v -? 4- -t I) 7 - 'Wf:( Ij t" 0) 'I~~ ~ f~ 1.> ~ t 7'J,~ 

~1.>361-381. ~Gf:, ~-=t-7t*O):J'~WJtO)~~!il-, --:J 
~ ~, 7:L J-" Hj,'UIt0)1H.RB;jr8'0)~1~~ 'b --:J7t)'\')v 
A~STMt~~il-b~1.>~t~, 7:LJ-"r~0)B;j~ 

A~-~~~t1.>Y1~~~~A~STMO)~~5tm 

~'~--c'iP-IJJEOJ~~ 1j~j!1;j!H:f.!7'J'11r'1€ ~ ~1..l v' 1.> 39) -43). ~ 

-) L t~:J'Hr.Jf: J: V), ~./ ;f1·=nf~0)J!]fi!Ii:i!4- -t 1) 7

)'''1 ~ ~ 'J ~ AO)~HJl-7'J'OJ~~t Ij ~ "J--:Jj;y1.>. 

-=F ii~Wf "-=t- V'J h* 0) :JI;JJJiJ i@ --C' 'i , ~ JtX: L t~ .~ -=t
-?lEfL, JJJ)Ji@-=t-7'J', ~~v'~r8'L:M t:i6&0Gh1.>j('1J* 
L: J: 0l~ t t~ili-=t-iti$f3L-?5mv' ~ - D ./tIH[fFffl 
1j~~~Ll~~~tt7'J~h1.>. ?~DIj7t*~~ 

i~-C (i, JJJiJitS7to) 5mrit, i&: ffi:, fFm7t:JJrol, ) -\')v A III~ 

Ij t"~~it <?-~lJJJ)JitS~*1t~~fF~, 4- -t I) (0))M1Un 

ti, A~./·~fflo)~~-~./A~~,.~, ftU 
:l.@ItlE, 0-ii.f>;:1.J*1j t"7'J', i&:ffi:{'M:r8'5tfiJtA~ ~ r )v 
L:£-::1 ~ ~1iIli ~ h 1.>. ~ O)f#-, -+T 1 ;( -?ff~;I*, f~~ 

0) ~ G ~'L: i±3*T 1.> 7f:lt]-1j A ~ ~ r)v !t7'J' ~ 7'J'r",~ 

M! t Ij,' 1.> 7'J', :JI; STM --C' 'i, /ij(~ 81 L: lit - r" 'J r 0) 

5t7t~1T ~ ~ t 7'J'--c' ~ 1.> t~r/), ~ h~ @]~T 1.> ~ t 
7'J,~ ~ 1.>. 

[2] 11 (i, /ij(-=t-r8':JJ~J!1*.H~ (AFM) 0)~~'110)t* 

H ~~Jt~''H:t*~1! ~ ~l1P.IJJE L t~ 1nGaAs ii-=t- r" 'J r 
~-2;u~t*-lO)7t'~iJiEA~~ r )v'C'j;y1.> 441. 1i!:-=t- V'J 
r (i, n-i-p t-1tJ::i§: ~ i> --:J GaAs 0) ill L:tEPA <?- h l;J:; 
~, JJJiJitS 7tifflU: Ii i&: -R p ~ 0) ~ - +f ~ ffJ v" iP-IJ ~iJi 

Itli 4.2K 'C'j;y1.>. -~FF- V'J r l*J--c'~e~ Lt~JJJiJitS;I*1t~ 

O)ffl.~7t~~tLl~~iliTk&0, -~~1j7* 

r )'''1;;J-- r"0)m:j'gtL:1j0lv'1.>. n-i-ptllf.j'gtO)~:JJ 

roll" 1 7 A ~1I VB ~ --j-5t~j < Ll;J:; Lt ,t', F 'J r 
i*] 'C' ~JtX: <?- h t~·~ -=t- t lE fL Ii, t3:~~"11{IUS EJT 1.> J: 
~'b.<F~rO)Mt:i6&0;fj-./:/-t~~r./~~ 

L, -f-~'l'fh;:tEj)rolL: VI) 7 rT1.>t~&0, 7t~ii1tt 

Ll~ili~h1.>. JJJiJj@~ffi:#~-=t-V~r~~~.I.~ 

1.4 .-------------~ 

T=4.2 K 
1.2 

1.0 

1260 1280 1300 
Energy CmeV) 

[2] 11 ~~~'11 AFM m~-r~~nL:+~~1! <?-~-cmIJJE L 
t~ 1nGaAs M-f- ~" 'J r H!iJillO):JI;~iJiEA ~ ~ r)v. 

)v -:¥'- L: -rJ:T 1.> t ;MlibB1 L: 7t1ltiJiE7'J'±iQ::kT 1.> t~ &0, 
-fO)i&:ffi:?3'7tA~~ r)v7'J'G V'J rO)$f3L~:r:tJT1.> 

'1~¥a7'J'1~-' G*1.1.>. [2] 11 -C~iJjJhj@i&K.I.;;j',)v-,¥'-7'J' 
1350meV JJ TO)~l'!~L:.z-O) ~o_ ~ 7'J':ffl,h lV'1.>. ~ 

l1-1,)'G1~"Gh1.>~IjO)Dfi8v'·I'i!J¥Rt Ll, ft-=t-M tJb 
r/) 7/ :::L )' )v ~ >;:1.J* 7'J' j;y 1.>. )iE:JJ rCJ ~1I 0) ~n 1JD L: J: ~ , 
V~ r l*Jo)fii,{Pffi'~:j;y 1.>~-=t- t 1iIli~-=t-*L:j;y 1.> iHL 
O)i&:~w-~tJ:'i, 1[v':@v'O):JJrCJL:7/7 rT1.>. -f-h 
t ~B~~:, fi~~;;:WIJO)i$f3L'H§)(~'B/~~:1!3:T L, flffi~ 

-=t-*O)tf,lif3Lti..l~T1.>. "J~~, ~:JJrCJ'mtIIO)~1JD 

~: J: ~, fi:-F-i$f3LO)r8'~~7'J'~~ 0lv'1.>11f<-=t-'7'J'~ l 
Jf~h 1.> . 

~ 0)17IJO) J: -) L:~m'11~~t ~ t*~p. ~ ~ 1.> iP-IJ~i~--c' 

'i, ~M~-L: n-i-p tfi'j'gtO)J: -J1j7 * r )'''1:t- VO) 

tj'lj::i§: ~ ffJ:i:T 1.> ,£,~7'J' j;y 1.>. -f-h~ .z, f*H'7'J'1~~P. 

Llv'1.>J1U~Dfi'7'J'G, illTV~ r'7'J'40nmtlt''J.I&0 
:i6 ~ h lV' 1.> t~ti), ~r8'5tfiJH~7'J'{'-?f1:lT LlV' 1.>. 
·';W~, MiP-IJ ~ h1.> ~ - ~ (i, t*H@:T(·:j;y1.> V'J r 
!i!ii.f'C'(ilj <, Ji!iJrmo)~ff?ilO)f~~7'J'£~ ~ h l v'1.> 
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;: t iJ't§-1~ ~ h -(\.,' 6. -1) , 7't STM i- ffl v, t..: t~ 

ii, n-i-p f~mJ,.),j'f.O)f~jjh::M L-c t, +5t~v'i~/{ 

17 A;;;: ~llhOT ~;: t -C'"frt:-=f F'J r ;;;:'2;U~}1t9t-C'I~' 

/ FiJ'it3 E!E L, :Ji-=f I," ':J r pq -C'~ t t..: '.[ f- . lE1L;;;: 
7't'~ijfE t L -C~hRIJ-c' ~ 6 PJ~'~'11iJ'&? 6. ~F>~H: (j:~ 

1IDi..~13L;;;:jJtHt6t..:<i) F'J r ;;;:1&::mT6,£,~iJ'j)J.JiJ". 

1&:Wl/j ;;;:+5t)$ <T J.J;: t -c', ~V'~FB'5tWH~iJ';EtJJ 

1=!j:~hJ.J. 

-j- .J til -=f;'f~0)7't STM i: l*l~ T J.J.m:~ Ij ~* t L 
-c, '~:J)~±~~jt~JJ*iJ{?jHfG h~. STM fUH~5t~:A 

MT J.J p 1Wii7'tnX:5t ~j:, ~ 1ID±~ ~m 7 ? / iRIJ'iE -C' J: CEO 
G~'l-cv'J.J J: -) ~:, f~~t0J.J v"j:~M40)7f~tk~JJ*~: 

J: f) ffi:lPk89 t: ±~~jt ~ h 6. fJO_l.t, 7' 77:: -'f / iJ'!JJJJ 
it?: ~ hJ.J ~1~ -C', r,r-Jtjl[T 0)7't~):m5!f1&iJ' 500 m:±~ 

~jt ~ ht":~f~-EiJ'&? 6 45). ~~ -j- .J fj[:-=f;'f~O)i~.IJ~O)j~ 

ii, ~ Gi:±~~!R~1.J*iJ'* ~ <Ij 6. STlVI iJ'3€Bjj ~ h 

-citlj<, .fi~~.~~*i-~fflT67?/5t 

7't-t'~=;r(I~jjJr.]¥~3€~iRIJ5iiJ't~p~~ ht..: 46>. ~J.!I 

-C. (;!: , ~'i:tl AFM r*~t-t' STM f~&-r;;;: ffl v't..:t~&-r 

±\Hn 7 ? / ~~I5U: J: f), FJlJt L t..:¥1i fJ - ,r, / -j- .J 

T:;'" - f, ilih.:/ 1) :J /, DN A21H'i{1j)fiJ' GIj J.J ;f'J 

r'7-7fJ'li'm, 77-V/i$~, ~r&~*5t.::rljt" 

;;;:W~~ L t..:fJljiJ'¥~-E ~ h -c v'J.J 47),481. ~~-j-.J r,r
H~: J: J.J 7? / 1l'~I5L:7tO)±~~m}j (j: Wx:-f-1% iJ' G¥,'Dj115' 
t~Ui'iJ{, 51'1"-1;j. -;) / 7'0)~Fa'5t~H'~~j: 15nm t!£ 
ffiJ'~m ~ h -c v' J.J. T / fj[:-f-lf-r-...O)Jt·fflIHR-EfJIJ 
iJ'lj v'iJ", WP*;~~Ht~lmiJ";iH;f ~ hJ.J. 

~ G~:, -j-.J ;f~'=-f-*T(j:, fj[:.::rJ.!I19H:li'i}if Lt..:~ 

mf7~-'f/iJ~~~hJ.J. T.J~-=f*0)~mf7 

.:;Z'-'f / i-jI; STM -CiP.lJ5i Lt..:17IJ'j:ljv'iJ", ~~~HN 

~:M L-c tj:~ <0)f.R-E17IJiJ'0 J.J. STM ;;;:1~ -) t, ~ 

rm7·7.7.:'-t/tj: (i) r /;f,)v1~'2i'O)ho~~, (ii) 7'7 
.7.:·?J~j0)1t;jfE~MIU:J:-::>-c, I, / ;t,)viltiJtU:NhoB9 
Ij nX:5t t L-c~:4T J.J. t;r i:i'&:t-I:t, r /;;f' )v~iI 

O)~F~"U~ 1-V ~'I:1~: ~-:::5'v' -cUi~IJ-C ~ J.J. -:J if), 

v - -tf'7I; i: J: -::> -c IDJJj@ ~ h t..: t~lIi7J~x:iJ" w 0) 7' 7 .7.:'? 
:l~H: J: -::> -c, r / ;;f' )v ::¥' -\' ':J 7'~: iJ'1), J.J ~I± iJ":j:.bHrii 
~ V -c'~iV~ ~ hJ.J t ~, d2 IjdV2 O)lJU: ~ V2 i:lt 
iJ~TJ.JJJ!O)~/.j-iJ'J~J.J. ;:h;;;:O'J 71 /f~tI:lTh 

t;f, 7' 7 7~'?j~jiJ\'f~t!=,-C" ~ J.J, ~~~:, IiJhJ@xO)AM 

f:i:JffiJ'7·7.7.:-t / ~~7 I) r / O);J~q~~ft-i-i~t":T 

t ~, ;: 0) ~1.J 5IU;l:±~ *L, STM i- ffl v' -c iPIJ 5i III ti~ 

t Ij J.J 49>. 
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11m "" 0) -j- .J ~j[:'1- 0)~?J.J'\'1~Y:{iffi i: -:J v' -c, v' <-:J iJ' 0) 

rt~~IjU#i-mtL, ~#O)~nX:$-t'W.~;;;:~ 

(/), STMjSTS &(/-t-O)i;r~~:t~WT;;;:~fflTJ.J PJ~'~'11, 

i~' Gh J.J '11H& t: -:J v' -c j!fir( -c ~ t..:. -j-.J RT- i- ffl v' 
tdff L v't11ttiMH4· *-=r1m3€0)~i\h.~j:, ~1&, ~""~ 

/Vi:ljJ.J to)t.\!I,bhJ.J. 1im~:j!fir(t..:J: -) ~:, v' 
<-:J iJ'O)fj[:-f-O) , i t..:, fj[: -f-prcO)ijZHJ89 Ij 'I~¥R-C' 

tHt;f40)lE L v'~frIfi~':: tHIl!-W-iJ"j) f), *Jf L v'f*ti~~IJ 

cr.-1,:..§+t:.Lt·~·fr.=JL=ti:_="'''''· L --I- /¥'-2 '-'101+1II)(. "- 18 ~lf'l·J.B.i'iXp '<!."J ~I:.V~ , J / 1'.!L-J O)Yom 
i- ~ Gi=-:j:Efl Lj!<i) J.J t..:(/)~: tHff L v'1H~T~AiJ"Q·~ 

/fPJ J;z -C'0 J.J, 7.$:tfci-cM11f- L t..:gtimHf.TiJ''9'1&0)~ 

1m ~: 1~n:. -( tf¥ v' -c' 0 J.J . 
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