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— FEREMRIE—EE—F) 5D LE2R, AL TIX. Eét e R ok
BErmAMmz, BEER WAEHERZBET 2D MERIE—EET— K%
FELEZZ 2R,

FEHAR AFM CHIE &z HABHEEN bEE E RE E DEE/EREZ BT
DRF, BEEt L BB EARE O IEEMRENZHARIIER L, ZOVENERX
EFHALNIZLTBYSEND D, £Z T, RERTIZESER @B M3 H
NHEFRITIIBITT HHEBE,. T2bb I v FLAA—DIRBREN B LiED 5L



BEEMRALEE L, 012, IMHRRE—EE— FCRIE SN H AR
DEMBEETIE, Vo FULA—DREIRENBDT57-0, EEEKOLEVEL
EEOREE —HE RN —H L R2WNWZ & 2R,

BB, BEEY 7 FOBRHRBREL /) A4 X295 5 v F LAA—DREIRIG
EKEEND, ZBBRV SINEEHET)BELNIZRBEREHREO KE 2o
WTHFGRD, ERBIIRFTZTo72, BADOEBEHER TIXI SN B bB 25
RERI F UN—DIRENEIEIL 30A,  ~40A__ THBZ & Blbholz,

FE3E FEEMAFMIC LS Si(11)7X 7T BFERETOBESLH
& B

AETIE, REMBEESE (Fr 7V RUF) 28 UIEEBIZETIZEE
T OB FRESCHEENRS Mbh iz SiQ1D)7X 7T BEEm 23Rk & LT,
AR AFM OR LR TOBELMNE L EBRIEBBEOMELITo HBRIZD
WTIR~Tz,

Si(111)7 X7 BiEpkERm LTI, BEEY 7 M e — e R EEEE O A 12
XL CEKANCENT 2B E & FEFICELT DHED 2 MED 1 AE R
BoONDZ EEMODTRELE, KRIZ, Thb 2BED HRER & IR0 fE
BB L OMBEEANER. HABRBESESRICE(LTEEAIZIE. SN @
EWVEGR LNELNT, REFRICELTIHEIZE SN OFWEBRNRE LD
ZEnbhotz, SIN ORWRTFLHEEBEREICEBETD-DDEMEIL., 7
RBL AR DS REF I E AL T BRI ES 2 B L 03 8 Z B R — AR I BEBE CE
BIEEITOMLERHDZEEHLNICILE,

Wz, FEfEfR AFM T Si(11D)7 X7 BEREEORNBIZH 5 Si RERT (7
FRhL) OAFEEOY A NEELEZIV ISR MNEEEENELND Z &
ERL, O3V b5 RXAMDORERZY I2b—Ya VEHEIZLBRT A FADE
I, RREDOBRI, EfE., BHELELE, RiziTo/z, Zhnb, TF A
DYV A MEELZIV R TI A NMI, T FAOBFEEITLEN REEE
DEVWZRBLTWARA@BENHDIZ EERLT,

%2, HWAEHEBESITERIZET 2 FEZ 5Bt L Rk omERES &1L
FREARLLBDRT Uy VB EBRBIIANZET VNLHAHEKS Z L 212
L. SN OEVEBRIZIES LR DT 7 v FALU— AR ARBER T L
5T, SIN OBWVEBITESHICHEBE L SIEFOF TV TR RE ST
FRNLDFE TV TR REDEFRFRITL D ATHEBILEN TV S AIEEHE
BHHZEERLMNI L,

i



BA4E RBFARAIZY—NTDITF—ARAART faRabt’—

AETIE, Si11)7X7 BERERECTRFRT—A DT 3 —RAA7 fba X
aAE—FTV, IHIZTFHF—RAART hg Rab—BIEICL>TEIETTESE
LB LB OE T LV ORIEEZIT > 7=,

BFRT—NTDTF—RAARY bR ZAab—DRIEILLE ST, Fr7 U
IR FEETHTZ FAETREEREAICL D ABME X, HAR BRI TE
GREERREON, Zo TV TR RORN T FLABOBRBLETIIEERE
B EDNAFEESGET. I REHEPERNICELTIZEEZRE L, oh
SORERIIE 3 E TR LAEZAAEHRORNER R B ES & RBIE DB &
BIZESTALTVB ETEBETANLFREINIERII—HTEIZLE2RL
776

(72, ERTHONZNAEBMKRTO, TEHELELIE Z 2R OEKREK
VT MO 53 B Ialb—valFHETHELNE, BEHZB T T AD
—NANANEEFRERITLDSTARDOKE I LD 5-6 B IET D Z LER
L. B3IETERELZEGIBEOT T ANEZYTHLLH I LETRLE,

EHiZ, 74a—AAXT rrRat’™—DRIFIZL > T, Si111)7 X7 B
KEDORTFREEBTHEIND, TF FNADOGEE L a—F —KR—ILDFEEMN
RBREICR > TWIBREREENNATE S 2 L 2R L, A AFM THEE
SN2 7F PLDORE XL, HETE B L ORI BERFEENER S5 HEE
ERLTWVWAZEZHALMNI LT,

FEoE e AFM ZAVWEBEK N E OB RS EREL

ARETIE, FM BRHGFRIEREM AFM 2B EXAEIEIISHA L. H#EK A
EDBE SR ZIToERIIOVWTRR, HERNHBIEORE SRRt
ZAWE LT2o0FR (BEXNZELSI & (AEELSE) H L ABRESE -
REDEIFER ) ZRAE L. FRIC I - THERNBAE DB E HiEiELE £5
L77,

BN, BEBERINELSEFRICLIBEIABEDOFRBIZ OV THER, &
BERNBIEDOBE SRR EZIToTEBERIION TR, BEEAMETHERD A
BlEi#R & v U 2 VB EEDMIMEIEN D, ZOFRTHMMEBRER IODEED
TEDIEEFEM L, b, VY a VBELETMN, & BER ORI
ExRIToTMER. VY avBLET I NS v P ENFEEH L BN ABRES
HAFPBETE 2, BEKINELSEFRIZL-T, BERNAED 3 RTT

1ii



PERE R PERICH AR TR 2X 10° M5B B2 Z 2 23 TE 2,

Kz, BEHESE - BoRltRF NI L 0BEXINBIEDRIEREZ B,
R T REOBERG LHEINAEDBE SRERILEITo 2B RIZ OV TR
Rz, n-GaAs(110)EFRE CHARBBROBEEMZBE L-FE, ML
BERNERTHEETHET 2 7= DBESMIT BRet — B I EERE 2 23 2<z2<5
ATHAZLZHELNILE, £/, n-GaAs(110)EERRE D EIZHE L - Kk
PRFOMBETEETHIZ LTI Lz, BEESE - RoBItA R L -
T, FFEKINIBIED 3RTHERBZIERIZENTH 2X 10 &M ET5 2 R TE
770

FH6E g

AETII, AFETHELNTZERERE LS ROBEZ T,

v



H K&

F1E K 1
1.l B B o 1
1.1.1 8RR AFM O ERILEE & IR F o8l (& Mtic>nT ... 1
1.1.2 BEKAIEOBELSBREIIZONT ..o o 3
1.2 AR D BB ot 5
1.3 AR DRER . o oo 5
R AT =y 6
F2E A AFM oRERE & EBER 9
2. L BT 9
2.2 BetERABREICB & BB DOBBEERENE .. 9
2.3 FMBHGEFFEMAFM OBMEREE. ... 11
24 FMHETFEEMAFM OEBERK ... 13
A B BRRERE o 13
2.4 2 A M BBt 14

2 A BB R E T R R oot 15

24 4AFM L o B 16

25 MRRE—ET— NEIEHIRIE—EE— FOE .............. 17
26 FHEHABLEOEMADERIER .. o 18
2.7 HABHBROBEAMBERICE T 2R —FBHEEEgOER (... .. 21
28 HUFUN—DEREBRBOBEN ..o
221 28 1AKELY 7 FOREEIRTEI F L N—
DIREVIR O ...... 21

2.82 BT 7 FORBIBRRIZETIRE ..o 24
283 AKEL 7 DSINIZEBTABE ..o 26
2.0 A i 27
B AOT - 28

B 3E FEEEE AFM IZ X 5 Si(111)7 X 7 BREREE

DEEENH L ER{Li%E 29
3.l BT o 29
3.2 Si(Q1DT7XT7 B REIZ OV T e 29
3.3 Si(111)7X7 BHEERE CTOBERMHICETIHRET ... ... 32



3.3.1Si(111)7X 7 R R E CO N AEHBOBIERE .........
3.32 2TEED /I ABCHIR L R FOMFREGROME ...
3.4 Si(111)7X7 BHERRE TOEBIEEICET BT ...
3417 F DY A MEFLEZaVFI AR oo
342 KTV VA LVET ML L DEBIEEDORKRS ...l
B BT ot
B S B DB TR ottt

AT BFEFARAY—NANTDITF—ARAART b Rab’—

Al B
42 T —ARAXRT fpRabt—OBELE o
4.3 Si(Q1D7TX7THERERTO T4+ —RAARY fg Ao’ —

DOPIERER ...
44 BHEH-—ABFMHEERIHTOIXFEREE L

TP T NIV ANOEEIIETO®RE ...
45 SNARBBROYA MKEHELEBOEE OB ... ..
4B BB o e
B A B DB I ottt
52 FEEHE AFM 2 AW =HEX HAE OB S 2GR
5.1 B
5.2 EEAMBEOHES —RBHEOMEEER ...
53 BERNELSIEFAICLOMLEHERNOREEE ........
5.8 1 BIEEBE LB . e
53230 a B EIERBHI DOV T o
5337 7 VT NI —NVANEFERNIDOSBEREDOKRE ... ...
534 VY aVBLETOMMEFEISTOREAE ..o ov vt
54 BEESE -BESEIHASRNICLBERNIBE ...
54 1 BIEEEE BRI .. i
5.4.2 n-GaAs(110)RBHI DV T o
5.4.3 U & BER DR T 7HR6E
TOBERMOEROKRE .......
5.4.4 n-GaAs(110)E TOMH ¢ BEX I MORIRRIE ........
55 #&E ..... [
B D B DB I ot e

Vi



FE6E &

S

82

86

87

91



F 1=

P i

1.1 EESR

1.1.1 JE&Efl AFM D E S LE & R R esi g &0
IZoWnWT

it AFM ORIER LBBR

1986 FEICHERIN-BHN (R¥T 1 v D) T— ROEBMEHTCEET 2EF
MABEEEE (AFM) 12 (1 1-1) 1, L ()
Bt om e BRI ORICE <R Vz‘%f; 4 e
FEHERETZ DT, EERE MY Bt E—
X IVEEREE(STM) TIZERR kRN
MDA TOZFOREREEZS _ .
SEECHECEAREL LTRE v
LT&E~. LHL. TAFMIZAHIC
BEHEED 1 EOREFEABERD 1 BORFORICE < B—DFE FRES7 % H
FLTWBDH? ] LWAEEADPKZRITIIFENTWE,

BRI 47)., Fe R ERE & O/BIZE < TDIEBREMEEV SR (F
1) T, 75774 NHEOPGP® 2HILT Y 77 MoSo)d. ZfthmE
BN EORBIRYME 2R FORBETEHE L DS EMEIN-. LI LAad
5. 101~10nN 3 DWW F HRIEPESIHCIRICMO > FRETEHEINTED,
et 1 EORFH A2 WIANRED 1 BOREFHBEEERE2REC XTI
FZOoNAHEDORR (BERFRERR) 2REL LA>THEH., EEIZZH
DEFEEFEOEMDPEE > TWVWBRIXTREDEREIEH = ZDHE. BRI
VB CIXIESMERICHELUEEBREE (7L —2) LHABNETHEOREBOERE
WE>THRFEEZ2EBIELTVWADTIERVWDHEDETIDREINE D, F /=,
STM TIZEREBINBEFL RXIVDKREHLE AFM TEEETERWEWVWSIHERD
WEINE, F2T0. BREFHERHEL LT MEBE-R I F—DBKE BUVAE
EXMO-oTCHEEDPEIDIZWN, SRITA A VERE CORFAMBEEER L
RKEBOEBEMTIERTERVWABRERFIXT v 708K MROBEL X
N INSHDFEEICKH LT, NaClo, LiF?, KBrd7: ¥ DR FHREEEE 05
REED &S 2IEREDR FEEDEHRE ). RFRAT v THETOREFIEEE
K2 0IWHREBHRINTWD, /-, F.Ohnesorge ZiZ L 2BMHKFTD CaCOs &
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HOAFMBIEL D Fetit lEORFEHELLRWTHETE 3R IDORE
FRADO0.InN LI TFTH B EDPHHSPIZINE 19,

CNOEDHEPS. HELZTDNILTEIEICLIVEMAFM TH>THE
BEFEBREPAEFLELOLNALSIIRDDDH D, LIL. FEDPWHVF
UN— (HZBIET 27007 3) 2RV SEM AFM Ti, #teEKIC@ <R
W7 7Y FIVT—=)VRBIAIZ L2 ThH U FULN—EEBEBEAS Y 7T
LEDS. ZOFBR. BV FUN—LROHE BRI AL 2. 0.1nN LI E
DFHIFELESHI B =, FEEED 2VWIIEHEROWEIEZ %, . 2D X
3 72fEH 5 0.1nN U TORET AFM BIE 2 ER T 2 =D ORMEIFHEHMHIC
FERBITE L,

FA4FIwlZE—RKAFM IC L2 BEEFBREOHAA

et BB RE & 2EAS ¥ TITHET 2IEEM AFM Tt I E < FE
EMODTNISLSTE D, AT 14 v 7 T— NOIEEAL AFM Tl &3t - RHE
B R R DI RICE U 2EHORABMUANDY ¥ > T EEIT B DICB A Y
FLN—ZAWBIREDNHZ, LEPLBVLWAVFLULN—2EVWESRE. HOK
HREREPTET I -OE0RERRIRNETH %, £, ZBEBETEIH O FLAN
— N FUN—DEMBRHEBE DB RY) 7 MIX2EHOE(ICL > T,
B LB L OMEEBIC LA AV FLNAN—DEDOEMERBER{BETER
VDT, B ADKEZZHEETER 19,

ZIT. TOBHERBREZEDDZEHIZ, Ay FLN—2KRETR#IZE 3
B (¥4 F3Ivwy) E—ROFEEM AFM THOFLNN—D QEEZFABELE
ML HOBREDBHA SN ¥4 F 3 v 7 E— ROIEEM AFM TiZ. HOKH
WEDNBZESEH L FULN—EMBRHEROEROENICEERTH 2720,
AR OB LT E B,

A FIvrE—ROFEHM AFM (K 1-2) IZiZ. Ro—7#HAK B &
FMBHELER 99H %, 20—
BESRIZ. B FLNA—DREE
RIED 2 WX DO EL & HRet
B AR ERET 5. EBRIC, I 4
et AR 7 7 TVY : -
— VR H 19, MRS B, BER R
F R ¥ OBESMTONTE R, X1-2 A F Iy E—-F
ZOARTIR. QEIEINT BIF FEMATM OB,
CHAROKREREXA LT 2, LML, Q ENFET ESLERERIED 21
NHEOBEREDIBILT 2-DEFEHENTERVEVWIREALH 5, —A.
FMBREARIEH > FLUN—DORIREEBOED S AR ERET 2. 20K
ATIE. Q EDOEINIC L > THRERESE L L, »OHIERREOEEREIT
MELRORVEDIC QEIEL RIBETHEEEMENTEEIC R D 19,

INETITVMREBTA Y FUN—2IREIX ¥ 7= FM #H 5 R FEEA AFM T,

BEt g FL—(72)
'3

2



Si(111)EHEE 90 KCI100)EH DOESREcEgEIsHAA LN TE=, LD
Lads, BFRAT Y TIIBREBTE-PEREOREFEIIIBRETET. KFESH
BDDREETEF R —IVICEL TWRD 5=,

—H. AVFULNN—D QEZFALT, FHIELGELZTDBZIvEL Y
E—R(F14FIvra %27 bE—FR) DAFM PEREINE 20, ZOHET
& BEICEBHEDLN 0.3aN BEF T/ <, it AFM IZHANRTHE
EBOTNILTEIOTHEREFHREBOERIPEFZTEINE, L LEDNS, ¥
YETE—RD AFM THREFIBESREVPBRINL =TI THRESH
TR,

FEEEAL AFM - L B3R FAREDED L RE

BRIk ->T. KIEBETHYFLN—2EHI L= FM BES R0 EEH
AFM T, Si(111)7X7 BEREED 7Y M A& O —F—F—)UBIEBIT V&
HTREBPEIDPBEETESEEVIRE OFRRETIEIH 3 DBLWEETE
BTEELVWIME 2P RNTRINE CHHDOERPS. FM BREFR
DIEEAE AFM ZRFARERERZ B L TCWB I EDBRaENE, ZOEHE. (Lak
BATH 5 InPAIOEEECTHRFL ~NIVORMEOEREY. & 5I1CITEEEIC &
2 REEORE 2 & DBEERBRIPE|E I 2829, JEEA AFM D RFEDEHHERED
MAEICHMODTERATH B EDPTRINT=,

L LRDS, SiQ1DTX 7T BEREREODOLSIZT7 4 b ARBDOERESMEDS <
DEREOEFEBLODPRIRLL EFAFI—F—F—INVDLIIRK2AHDAE
MM BRORBETE 2. JEBMAFM IZ L 2EBLIITRRETH 2, X 5IT.
HARTHEITN—7 U IEEm AFM CTREFOBERZEICHINILTEL T BE
CRFOEREEBERIMTIAETITEE>TORN,, £, TIEEM AFM TXD
EOBIBHEBRZBELTRTVWRDD? ) LV BEBINEIEITH D,
JEHE AFM B OBROE L Xid, 2N ERZREOLAZHEEE T T,
BIEROES LR OMEMERIC L -T. BoNAEEIRIEEINDZ
CIZH B BIZSI11D)7TX T RED L 5 RIEFICHEMLREBE 1L, FE & FHRR
W77 TIVT— VA NPHEER N2 COMBMMEEEROAR ST, £EF
%é@i5&ﬁ$%ﬁ§¢ﬁﬁ@<&%i6n%o:hgw&wmﬁﬁ%ﬁ%
HEBALICHEES U TV B DPEERICHS DIZR>TWWiRW, FEEA AFM %
BRA2RAGBIZGHT 2 E0I2F. BERBEICES T2 B OMEERE
L. BRECFEFABEAEZTD FOOEBERECEBLOBELZIS B
THZEDPRBETRARTH 5o

1.1.2 HEINAEOCERIEELICONT

AFM Z AW = HSENSEEIHBEE DL EN & Z2RSFEEDR LIZDWT
RHEBMNZII O ETI2RABIYMEOSSREAEX. 1)REORIEP X
TYTTYVREIEFETIHBER O/ — O U HEEADPBO TEER%
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HEHS>TWARE, RALZERE. BEMAERREDREFIXTI—)NVTORHET
Ot R, 2)FEEZTFOMBMTEMIHIREL 2 FHIEACT = —)VLEIC
LA HMYEBESHDRS SEOYE, 2)EEFECEMBFEOMBICET S
BHESZ2HDL LT, ZOIRAEEITED TEW,
RERDOBERREOELRNER., FICRASBMOAEFELE LTI VE V&
DPEIERLTVS, TNWVEVETE, dALEEBHEOBESEDELICL
STHEREINEEHFERDIEOICRZ LS RABOEIMEED SXEEMNER
22 ehHEE, BERY A X2MAMET B LICL> T ERMEAEIEHA LN
TWa D, REERIEBEBICLS L CRBUCHD T 228, EELE, 10um
LUTOAREETHET 2 LIZRETH D ¥,
AFM i3#Eet L KB RIC@E K WZROMHEERDPBIETE 22 25, FetEEHN
COBESMHEER D SSREICHREDTRETH 5. AFM I K 2HETH
FEDH X, Kelvin probe force microscopy(KRPFM)26) | Scanning Maxwell
stress microscopy(SMM)22iE U & LT, BlEEREIN T3, KPFM &
K FUN—EREREE T, SMM X ERIRFR R TREIZ 251 FIv D
E—FDAFM TH 3. BESHBEIEICITFH L EERER L ORICRREE 2
BfL. 5D, B LicEEInEE®HICRET VI —0 L HoEREEH > F
UN—DRERIEZ N L TRET %, RO IVEVETIHIRBERZAMAL
TWEDIZ LT KPFM CIIBEKNOREZFAE LT, REEMNE2E ., &
512, HESHBE L ARFICRAORMZNEEDRETE %, ERIC. RE
EAT 2629, RBERD AP 230D AR 5T BROFEER & FWE T EL 3199,
BLUEE 9k COEHRD 1 um LTOMARSERETHEBILITWS, £
ERAEREAOMROLHEE L ZOBBEEBOMEIBZTONTETNS
17183435, | 7» U, (ERIES Db 0 L HMAR &2t L TEES IO
KEMZRDZ L THELSHAEDERSRIEEDOR LB ITHON T E =15,
B2 DEREZLBTZDICLEBELREA, TROBEFIT—INVDHEEIZILE
ELTWhhrok, ZRSMEENALLEP o EREHRE LTERD4 DN
ZlFohb,
1) HOBHERRE R EIF27-DICFet L AR OERMZ +4EDIF 2 2 kK
b0,
2) BELKN L RARFEIE T 2 MMBIE DR REEDMED 5 =,
3) AREREOMMEIZHES Fet L HABDERMOELE. BRERNTDEILLL
DA EEDT 4T, ERFEHOBEDIE,P -2,
4) BEKSOBRERE DT E.

COLSREEERRT 2 2DORMOURERY, FEINOBEIAEEL
ICIEBBATARTH %,



1.2 AfFEOEK

AR D BRI, JEEA AFM TOBEt KB OMEERAZBHES»IC L. B
FRREEREIR200OHEEG L ESREELEETI2HICH 2. i
REHFEFBI TV TR FEF L ERIZEMTH 2 Si(111)7 X 7 BHEER
REICR > TIHEZTT o k. BENICIK, NIRRT o MREESROHER
SERFABEGDOBIREF LR L. EREEMBOTTNVEREET 2, £:2E
FRT=NWVDI7 A —RARZARYZ NAZXAAE—DBEIEZTV. EFNVOZYMIZD
WTHRETZ1T Do RIZ. FM B A XIEEA AFM 28 EKHBIEICGA L. &
BEINBEDOBEE AR EITD .

1.3 AFmXDERK
BEOBERLTIZHRA 2,

F2F A AFM OHIERIE & BB

BHIZ AFM O#gt & HBBICE < 712 H AR O EEIK M D EM R 72 B8
{ZDWT Lennard-Jones DR > > ¥ )V EFICE D EAET %, WIZ. FM #&H
FRIZ L ZIEEM AFTM OBIEREIZOWTERIC RN, o FLN—DRIER
BEERET 22T, B EHBBICEH < HAEROBENHERBZ L ETT,
g, BIRICLEREEBEBH EELXDEERERERII DOV TN, RIZ.
BT LA OEBRAREBHEOERICOVWTHR, IMEEIE—EE—FTOD
N A B RO BRI IC BT 258 —HBEEROBRIC DWW TR Z, B
2. BAEES 7 hOXREILBHBRIZNT 500 F L AN—DIREREKENE
P, RHRWVW SN PHROLNZRBELRREIFHRIBOKE XIZIOVWTHRIZTS,

£3E FEEMAFMICL 2 Si(11D)7X7TEBEREEOBRME
& ERbEE

Si(111)7X 7 BHEBEREDOR FAORBEETOHREERML L HEEEE DR E LT
DERBRIIDNVTHERS, BRYIC. KAETHHTRE L= 2EED HAEE
R & REIRIBHARORHIC DOV TBAR, RICHAEBE & R FHREES L D
BZmrd. CORBRPSREFI/BEGELZEIZHEET 2-D0HEELREL2HS
MZT B, FE. VA MNEKELE2Y NS X M 2EOEBRETRL. 203
FZ2 X MDFERIZOWTHRETT 5, THNODRERIT. FEH KB L OYBRE
BEEFREBICLEZRT Uy VRN F—HEE2ERICAN T FIVTEIEE
TEDILEREL. M AFTM OEEZ(EEZHS»ICT 2,



TAE BHFRAT—NVTODI7+—RAZANRYZ bPORIE—

SiI1D7X7TEERERE T BEFRAT—VD 7 #—AZARY b X2 E—DHIE
BIToEHRERL. E3ETRELFESMUEBEBOT T VORIEZITD. £
74 —RARY FOROAVY—DBEIEICEL > T BFIMEEBTHEONIFE
REFEPHETESZ L ETT .

EH5E JEEMALAFM 2 AW EHEINBIE DB HEEE

FM ¥ H 75 R IEEfE AFM 2 AW T, BESNBIEDBE Rt E2To =4
BiIOoNWTihR 3, BYIZ. e HABNBICEEEZEM L ZBE0HEeHI® <
HABIZONWTiERDZ, RiZ, BESNELSIEARICL2BERSAEDR
BlconwTa, Y2 ARBEETCMYEBESNORARAERZT>2RER
IZDoWTiiNB, BRICEAFEESE - RAEIFAARNIC L 2B EIIREEDHE
EEEE RN n-GaAs(110)BBEHE CTEICHE L= RBORFHRESREEIT-
ERERIZOWVWTHERS, CNOHDFERDP S, SRR LI FEM AFM 2RI A L
EFHEKNAIEZ. HROBEINAEICLENTRE., oFEELICRENIZE
EFLTWBZ BT T,

FOE
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R2HE

JEEZfh AFM DHIERE L R ERK

2.1 #E

ARETI, FEEAL AFM OBIERE L Z DR E F.0ITBR B,

% 2SI —ENEICE < N ABROEBHKEN (HAEE) OEMR
REHIZOWT. 2EHEFEIZE < Lennard-Jones R > > v )L 2 HIIZEL D 38R
T %o RIT, B IHTiL FM B 5 AFEEAL AFM OEEREIZ DWW TR, IR
X EEAVFUN—OHIRFEEBOED S, HFIC@ HARZBRHETE
52 EBTT . T BAFHTIE FM RS KIEHMM AFM OEBRERICOWT
MRD, BOFHTREA L FUN—RIREIEZ72DIC2O0EE— K (IR
RIE—EE— FERBRE—EET—F) PH 22, RifFE TIHREREE
—EE—RFEFEALUEEBHICIDOWTEHAT 2,

JEEEAL AFM CHIEX W 7= HAEHED S8t E Bk & ORBEER 2K T
BF, Ber LEMDPEAREDERMREr ZIHEICER L. ZOWENEK
EHOPIZLTBIDEDNH S, FCTECHTIE, FEH LA LD S %
EBRWICER L. ZOMEHRKIZOVTERDS, 510, BT7HTIZ. ME
RIE—E T — F CHIE X Nz N HECHAROBAEEIC BT 258t — SR RAFE S
DEBRICDNTHEND, REIZ, BEHTIH. FAEES 7 bOKE S LRHIE
RIINT2HLFUN—DOIRERBEOEELZE RN, EBRIICKETL. SN b
OB RIRERRIRIEOREIT 21T,

2.2 BReFCRRIRICE) < 1 & T AE O EERHKEM

AFM £t L RN B < HH B W T AEOERRENE (HigdH 2\ Eha
EoEhAR) . et AR DMEEA TR —OEBRESE 2R L= 50D
ROT, ZZWIIHMEERADOER. B XBOBET IV —, Wik
ERRZBRBRPIEEFNTVWBE EEZ 5N D, BIC. JEEfh AFM TlX. 2381 T
HARB &S ITEETND B HARDOEERET 27/-0. HAEEITIE M
AFM TR LN 2R FOMBEGOESIEELRNT 2 L CEEICEETH 2,

9



Z Z TiZ Lennard-Jones N5 > > v )V EEL D 21T, FH —HHREAICE < HAED

DEEBER M D BRI IR BRI DWW TR B,
2 il O MM R F R D Lennard-Jones RT7 2 ¥ ¥ )V @, om(z) IZFERE z DES

e LTRR.)TREND

¢ammﬂmm(z)==4e{(f§)lz—-(ff)s} - (2.1)

CTIZTC, el 2FEFHEOBETRNFT—. 0lE 0, uom(z=0)=0127223 2 JFFH
DEHTH B, FRICBVT. 12 BOEIZ2EFEICEH /S OBMEET
HBEINBARART VO P VERLTHED 6 ROERX 2FEFEDOT7 7 FIVD
—WRAHIZEBBIART Yy VR LTS 2RFRICEHE,, 0n(2)ide

CORTF TP VEEREZICNUTIEHS LESDICRD, RATREI NS,

Fpom-aiom(2) = —@—'"gf(i) = 4?{12@)13 - 6@)7} e (2.2)

CORPS, 2RFMEICIIER 2z D 1IBRICHELHTEF AL TRICHELHT S

SIS Z LD rB.
2-1IZ 2 FFRAICE LS (ER) & 2ONAE (BHF) OfFst —F ki HEEE
oz I TAERRT, BRI VEFRICEBHEEERE L. 6=0.571

X10%J, 6=2.1ATIT>7% %

T J 1 y | T T
4 '.'\ 140
ZER 1 _
2l PG 120
~ i PN 13158 :
70| PEERRRTRER & hoerieen] N e 0 X
;hl | < : | FFE%
=L E | lo0&
| 5l 5 ]
4+ .40
02 1 6 8 10
2 TREIEERE z [A])

X2-1 2fEDSIRFEIZEL S1& I RAELD
EE%Z&:i#Tég{\'fbo
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ZOX» 58t — BRI B < W ABRHBROEMN R#MI DI D, TRD
b, Fét— S EEEDORDICHVRENIB S BIHARPEMNT 2. Z0HE.
FRAXNEDOEIMI L > TEHARSIHHBEOEM R TRRER & o =%, @

LTWE, &RNICFNAEPIEIIICRS,

2.3 FM & ARIEREM AFM O #i{ERE

FEEAL AFM I, X 2-2@)I07R T & S RARICES BV E AL FLA—2IR
DIREZX 2-20)ICT S LD REEmDESR

BE Y THEET I AL FLIN—
DR VWENFOHEMEE L EZ 3 L, EHHRRIRRTEL LN,
1)
m— = ~k(Az) 2.3)

T T KRNRONRER, A XEEOTEE 2, DS DEMTH B0 R(2.3)
B, NADRBERET RDBH L F LN —ORRME R R RS v, 1. R

DL %,

1 |k
Vo =2— - eee (24)
T \m

X2-2 (afFStPFEEHEER L TWRWEEDH V F L x— L et
DEAR. b) B> FUN—LFHEERENRTEESBIEET NV,
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(a) (b)

X2-3 (RS DPHEMEMBEFRALTHWEROH > F L IN— &8t
DERR. b)) B FULN—TEUHEZERENRXTEESHWIZET
o

Wiz, E2-3@ICRT L DI H U FUN—FTmDOES D, B EHEEHALT
WABBAITIE. K 2-30ICRT LD IINRDERIZGWN-EED, Bers %
ZIFTNWBLEZZILNTE S, BRVPIEENE:,, P OEMUT D L. BUE

Az VT B L TRED & DHDAF BB T BB, B F L S—D SR e
ST &, =—g—:——§ti‘b‘”£m‘9‘%o Z OB, EESRIARRTEL SN
% 3,

d*(Az)

‘m—ET—z—MAﬁ+AF=—@+kJ@@ “+ (2.5)

- T, Q2D EARIINRDRBARE v, ITRATEZ 5N 2,

L&
vg=i /k+ka =__1_ & ... (2.6)
27 m 2 m

ZORXP S, BHDPEBDPSONABRDOBIZAD L, K2 FLN—DOHIREH
By, DEBDPSOHNEARICE > TEILT B eDBbNP5, AV FLN—DHIR
BEBOEL (BEES 7 M) Avid. X@.HEXQ.O)D S |v, - vi<<v, DHE
& EMENICRATEZ 50 %,

szvo—vgszlz—:z— e (2.7)
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2-4 1 H > FUN—DIREFRIED BB AR NV R RT 485 H AR

DB 1= AT I g}o LRBBPEANLFLNA—DHIEREEITE 2D

A AR EN B AT g—<o LRBDEH YT L N— DRI

{722, FMBHARIEEMH AFM Tld. COH > FLNN—OHIERBEEOE
PEHERETRZILIZE 2T, B> SBEHICEH L HAROBEIEEIT -

5158 KA
A 5%>0 ) ] _éF/§Z<O
‘ . €E<—F>
<
lg
S
Py
S
S
y
N
\{.\
AN
R
- - '
Vo Yo W B v

X2-4 HETE HARIC X2 HEEREREBOZEL.

2.4 FM B A RIEREM AFM DX ERBR
2.4.1 [EIERERK

KERICAHW FM A R JEEM AFM OXBER 2R 2-5 IR T. IV FL
N—DEMBEHIZITAFHARZFERALTNWD 9% 0 FLNA—DIRENS ERE
HIRZTITON. Automatic Gain Control (AGC)EIBEIZ L >TH 1 > 2 FET L.
HFUN—DRERIEZ —EEICHHFTE L DR >TW3S, AGC EEED
HAEBHEBICARIIN, AVFLNAN—DREIRESSEXICR D +a17 1 Y
EEZONZLDICUEPELICHGIIN S, RIZ. BHEEOHAAEaY b
—SZBLTAHACFULN—EROMIFTCHIEERIIMIOND, 22T H
YFUN—OIRAEERE LTEA Y FLN—EBHOF 2 —T A ¥ v F—
EHEALTWS, hoFLN—DHIRARFREIE FM EHSBICL->THREL, &
OHAZFEHL CEELEZTS.
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Av B

KFBHR .
Zhiriat FMg#E [ Y
................................. B:AHE AR E
¥ -y AGCHES
7 . EJRE
7 YW y . BER
0 g :
3_ ¢AZ .......
=z =+ Z+AZ Y
x| -— 74— KIS
v 7 + R
T jJ/i‘-]//\— *
St AFAER—ER

2-5 FMBRHFRIC & 2 IEEA AFM Ok

EZtiZ,. IFATCRLULEAAE-EE—FE B CRLEANDAEAEE—F
D2DODE—RIZESTITSIZEWTE S, NAR—EE— FTIE. BEEREY
7 hDREXIDB—FIIRD LD IS EENOEMEZ T +— F )Ny JEIETH
HLRDS 2RTEERRZITD. COBEITIE. 74— FNv JEBOEAID» S
HABROEEHRE2EBLTZ2 I PHKZ, —FH. NARAEE—FTET «
— RN ZREEDOT AV E2BERIEL LT, B EHB DA NI 7 MILD
A OAREFELRDS 2R EEETTS. ARICEARES 7 boZxflLz
EHEtT2IL T ABREREDI SOFEINREIE2—EICLERONEARDOE
Lz EZRLTE %,

2.4.2 AFM #£5t

KFETIZF /o P—fHEDOI VIV E I FLN—2HAVWTEREZIT
2o K26 IZH Y FLN—DOEROBERAKEZTRT TOHF LTI
DI N—DPSEAMTYF UV ERNALUEBANIEMCL > TERLTY
2o 2D, BHEKBELD D QEIFBVODIRHETH D, I FL/IA—D

W7V IZO LD I—-bIhTBL, IFEILKLVL-T—HAE2RENZTE?
ZEDHED, 2 F L N— OB R E R EIL v, =168~194kHz T, /¥ %
FEBk DEFEMEITL=35~5TN/m TH D, I FLN—DEWIII. ELHZH
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FEors v REKRE LEES 10~15um OEHDBIOVWTE D, LR Si(111)
HIZR>TW3, . B OEAIL 40° ~50° T, ZOHZBEFITEE 100
AEDNELBRTY IB0ADPRIESNTND, SOV FUN—ET U FE
Y(Sb)z R—7 L= B VP oo TWA7=HIZ, EFUED 0.01—-
0.02Q - cm XESEBEMHEZFL TS, LEL. RRHFIZEBELTWBEDTE
HARCIEBADERBMEIREICERINTNT, BLEDRKREZ LN
EHEMIEIBSNLRN, e
;13);}5“11;\

< T=6.474
L=298um _, W=36-30um % Sl . HE
* -Pli- .

/o z
gy ~o «

.-_k e -

(a) EmEX (b) Rl E

X2-6 I FLN—DREAK,

2.4.3 HEEZHES%R

Si EEREO LS RIEBICEMLRAEZIFEM AFM TREEESEET -0
IZiX. HRXOHKBREADREZ S 72012 109Torr LI F OB EEZCIREE DS %
BETHb. FEHAHOMABREOKRIZIX. FH2 1000°CLL EOERBIZT 3=
O, BERORETE 109Torr L TOEZEEZHMRF L TBIDELVD %, KX
TIEK2-TICRT KO REBEREZEELZFA L,

COEEIIEEM AFM HIE 2175 AFM S8R ZE, AHOERLUEZTS R
RHEEZE, BEEZORANEFRZICHANEZEATIEOOXBBEAZD 3 EH
RIZR> T3, AFM 8REZE LA EREDIMI L TWEOT, A0S EN
HEICHAND OREUEREFD AFM SREICH 2FHICHET2ET RNV E
FEZ2oNB. Tl AFMZEIZIEA FUHDPEDFITFoNTHBD., IIEI N Ar
AZVICE>TEHEINVY )T T2 LT, BHOBERLE BABLE
DBREZEITS 2L BHE S,

ARNEARZRLANERBEICIANZRATZ2E2DOMNS 27 7—0 Y K
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TRDPERBINTED, EEEEZEZELIBLI LI <HEANOZHEZITS
DR D, INSDOREERTIERTRRIREGD LICEZMIT 50TV S,

n—gy—Rys TAT I
Yo7

& —R
iNVAra

AFMBI =

M 2-7 BEEZEEIROBNK (LEX) .

INSOBEETREEIX. D—YV—FR 71 HELEREE 150l/s & 50Us
DH —RGFRy 7(TMP)EF] 2 BiZ L > THK I . 10 Torr EOEZEFEIZE
ET 3, BB, O—F VRO THLOMBROBERIZLEDZIEZRF v U IN—H
DEZREEFIET 228, O—F V=R 7oy —HhaF R T7OMICT7 275
AV PSS TEBITH D, R 150°CT 2 HEDR—F > F D%, EZEEIZ
1X10°Torr BEDEZEEICFET 3, FOHB. FH LV TVAALva R 7
AR TIHOEBEZ B LIZE>T 6X101Torr BEDBEEZEDNFES
h3, AFM Z2LHAKBEREZICIZZFNZNEEREE 270Us & 500l/s DA F >R
VTEFH YT IAL AV Ry THBERBINTE D, MMICHEKTEHED
Hk2, . FILHTVALSa Ry TIZEHKENZ2EBD 5 =DICH
RERS 27V FEEEL TN 5,

2.44 AFMa1=v b}

AFM 2=v IR 2-8 IZRT KD BRBEICR>TW2, AV FLNN—EF2
—THOEBER (Fa—T7AXAF¥F—) CWMOMAIFEN. BTN L T2 R
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ICEEIN S,
Ber E AR OB E X ¥ 2 HEEICIE mm 4 —Y —DOBEFHNRE T

2T, POAL—F—DBEPLETH D, COXGE®EE-T-HIZ. He
B LUTEBEERSIAEZMATDEEA UV FU—LEBFEHLTNS Y1 U F
T—LIETOREEERESOATITZASDT. MOFLWHHET, ERH
FIEIC L 2B L D IBEEPE{HEZOEREIRVE VI AELD B,
AR ENF —2REFETI2H5E. AROMEIRIC X 21E8H & KR OB 22
MEDOEAZR/DRIZIZ 2 =DICEHBMOHFLIIR U TN REEIlR>T
W5e

FEEh %ﬁﬁjn—fz#v%—

\ \

L VR \

R B /|

Fo—s  IFUs— B

X2-8 AFMa2=v b DK,

BRIRIX. DT 0w ) CHAICLZBERGREERZBL - 2BNN2D D RIE
SRAFAYBRIFT. CNICAFM 1= b EBEHTAZETIToTWV 3,

2.5 MNiRRE—EET—FERPRE—FE— FOLR

24 HITHAREA L FUN—2RBTE 2 AGC EEEICIE. EHRE—EE—
K78 LIRIEIE—EE— K 90 2 DDEHEE— FDH %, X 2-9(a),b)IZZFN
ZNDE—RIZNT 5 AGC BIREOEREZ TR T,

REHRIE—EE— RCIXATFBERBI» SEHEIND /L F L N—DIREEIE
DEIMEDB—EBIZRD LD, AIRTA V7Y T7OHNET7 4« — RN 7 CH
BLTWS (K29@Q) c« ®RoTHYFLN—DIRFEEIZEIC—FICRDZLD
CRENTED 19, REIRIBECETEIC L 284 - EESoLSH 2R T
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RIETAL T AIESAT T

A i AN )
» RMS RMS |«
(@) ®)

29 ()RENRIE—ET—FLOINIR
IRIE— % —F COAGCHBOML,

LIEPHRDEVWIFRDEH D, —FH. NMEERE\E—EET—FTE, AED A
VT T OHIMES B EMNERREREMS)ICE L. EMEREOH FIH—EIC R
L3274 —RENw I THBINATWS (M2-9@) « oTHYFLIN—H]
EOEDHIZEBKICINZ 2BEDERBEIEIC—EICHEENLTBD 9, RFRIED
EHZ L > TR —HABEEHIEH T LV READD D, HAERED S,
JEfEAR AFM HIE R ICIFS L T B <MMEEROBMET 2175 = HICIE. TEE
SR OBEIERICES AR L RN OBIBIC L 2HEEROE 2B AOMZ. BR
HMORWTF—% 2BBT20ENH D, FetABOMICF 08 {ElEE T
B ERBIADSITR3E. AV FULN—DEFHTANF—DEEIREZ 2, =
DOk, REFRIE—ET— FTIE. REREIED L2WLDICh FLI—%
RIRIETWAEERIZNMZ Z2EEDH 2HEM 20 D SN LIBD (K 2-10) .
et SR EREOE LWENRE Z 2 AREM LD 2, —H. NIREE—E
E—-FTlE. BHEERCHUAATRADPE S HBOEHAICIE. BE= XV
F—DBRIZEL > THYFUN—DREEEIE. HDEH 20 D OB LD S
(X 2-11) o D=, MERE—CE— RTIXEHERLEZHETBORESR
HAHAREMZ B PHESZLEZ BN D,

AETIE. BEMERSNAREHELZAET 2 I LICESAZEBEE. NRRE
—EE—FEFEHALTERET> =,

2.6 BESHEHN L DBAROERNER

AFM 8ét Lkl & DA, TR bEHE —F A B 2 2 BT 5 2=0 DL
BEICBEAL T REDE ZA—RICHEILINZERT RV RERIIZES &R
BEOEMAZ —SENIIERTHILERET, BEIN—TICL->THER
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2 T3, FlZiE Basel RED VIV —7TiiEst & HBBICNA P XEEZE
M. PURNVBRIPENBOZEHEE 2=0 LEZLTED 9, HREFDY
WV—7"TIXIEEM AFM CIRFABEGPBONDIHEREL 2=0 & LT\ 3 11,
2-1 1278 L7= & 5 7 Lennard-Jones "5 > ¥ ¥ )VIZE D T D BB K ENE
RETELEGAICIE. 2R FROHERIIX 2-12@CTT LI BREFE2ER A
RUFBOESBOES 2z TEEINTWS, ZDESETIXIEMS(E=0)DIEE
FEADPERZMNE. 2F D 2H0ORFHERIIERBMBICR D, REIZIE.
BRFIEROKEZ2FE LD 2HDEFVRELIZERDZLIIBRVWDT, Z
DERITERERNTH 5. 22T, SHBLEIERNICESEHm AN L DM
2B A1DS, BIADSFAIBIT LR 22 EMm@E=0) b E&ELEZ. 20D
EFEHTRIEFOREZ D ELBEFEVERVBOZIME. TROB2REFZE
RIARET IV TEZEBE, 2HEORIEMTIEHLZESRELTEITVS
(K 2-12()) « ZDFEEEIL. IFESEBICEB L IDBI PSRBT LHED S
PREEICMY T 2T, COEBMTHYFLN—DERFZANVF—DHBEDPEL
2EZ NS, EBRWIZIX, IMERIE—EET— RTAHYFULN—DIRERIE
DS —HBEIC 5 2 EBKES 2 EE U, REREPED LI 28T
Ehroshd (K2-13) o

VA
> < T (FR)
| s

(a) EmmAIEMS (b) EERRIBEARR

[42-12 BREHEFURID (a) B RRRTEEAL R & () RIS D E R,

' o

B F L —
DE =ha
R - - - BHERD

VBt — BURL R 2

}2-13 B FL/\—DIREHRIED BB FIZED
R z=0DE &,
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2.7 NHEHRROBMBEEIC BT 2R — AN HEREOR
R

IHRRIE—EE— FTCHABEMBRZEE L2 BE. FHE2BMAI v E+A
ML ESERHNIE DI ZRTH, SINTEMSEM LERIT 5. X 2-14 1T SiQ1D)ERE
THIE S N = 1B 2 ) AR REREHEZ T T ERIZERES 7 b
AvERLTED. BEES 7 b Av OIS 6 < 5[ haE 02 =k
LTW%. BEIEXA L FLN—DRERE 4, OREIEZTRLTNS, ZOX D
o BReH-SUR I EEBE- 10<z<0 ADBMMBEH T H 3 N AESEML TVWE 2 DD
5o LIFIZ, 2L D% z<0ATOHSER LR z OBKIZOWTiBR S,

BRet — SR FREREDS >0 ADRRICIX. IRENRIE 4, IZ—ETH Y FLN—IZH
HIEHIZ L TWBILERLTWD, TORICIZIES — B ER LRSI 2
EEGOEME L EROES —ANBEROEMEN B L TWB, —A., 2<0
AD SIREIRIE 4,13, BERE z OFDICH L TZIZEFIC (RERIEDB/LD D3
st — SR EEHORDITIZIEFLYL) WP LTS, ZORIZIE, #Fet -k
FEERE z OWDIIEBEROEMAEIZHH L ZREHEEOBDICELZ2H DT, E
BROZRET — SR RAEEBE & X —F L Tz,

i 340
10 —1330
5 -

s [« —1320 f%
< 5 1 <
L
~ - —310 =
S | { X
g [ =
2 T 71300
= Of 1

L | : |
-20 0 20 40

Ret— VB ERRE 2z [A]

X2-14 NHEIRIE—EE—NTD /) AEL i
#r (2 ) CHRIB AR (R #h) .
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EPTREICRDZEDICRFABBIIEOIN R L2 D,

X 3-6(a)&(b)ix. ZH 2N HABHBEIERIZELT 2HE L FTERICEL
TR2HAEIC. NABRAIEE— RTROINEFEFABEEETLTNS, 205
DBIIFEAFERES 7 NOEMBERTERLTE D, BHIZWEBIZERES 7 b
DORERFEFIIHIE L TNWB, £-. K 3-6(0)iEX 3-6(a),(b)FIZHIE TR L=,
TXT7T BAEORSARISE > EHERKZRL TS, X 3-6(@)id. X 3-4b)D
NAEHETREES 7 NAv=2.1Hz [Z/2 208 z=5 A CRIEZT> T\ 3%,
COE»PSEFTY ML, Rig (RHF A) 2—F—F—) (K B) BEETETE
b, EQORFABEDEOLNTVWR I LIERTES, LEALEEDOIV NS
A MIFERICTEHET., EBERREFHBEEITOINATH RN, ZORKDHRIZ
WoWER (K 3-6(c) 5. 7 MAICHT 3REEES 7 hOZE(IZH 3Hz
THole I SHARBRIERNICELT ZBEICIE. BOSNWEEFS
FREEBRITEIWEE S 7 b /NI SIN IFEWZ &b 5. —F. X 3-6(h)ixX
3-5()IC R L= ABECHAE T, B 7 bAv=13Hz [Z72 208, T4bb
z=z0ADEBETHERZIT o TV, COBETH 7Y A, RE@EF C). 2—F
—F—)V(XF DY)DERTE, 1O 3-6(@)DBICHANTIERIZHBELREFHHE
BBEDPROLNTNRZ D%, KIFOHEBISR > -HER (X 3-6(c) 25,
TH ML T BREERS 7 bOEIEHK 15Hz TH b, X 3-6(@)DBAITHEA
TH 515, BEEY 7 bDBKEV, TOBED S HARMES T ExICETT
BT, BAEES 7 MKREL SN BEVWEEIELNTVWR I EHbD
%0 £72. KI3-6b)DEBTIY F 5 X MDEZ WS EBWESIZ. 20 ZFN
X 3-5(b)D A & B OREFEES 7 MIFITRIGLTWS, Zhik. HAEHZED
REFRBRED, FEEM AFM CHEINZEBDI Y P Z X MIRELFEL
TWBZEERLTWA,

3.4 Si(111)7X7 BHERERE COHEHBLEEICEE I 2T
3.4.1 7¥ M MNLDOYA MIHKELEZI PSR B

TR EEER S T ERIC BT 2B ICHIE U - JEEM AFM OE&ICIE. LI
LIZ4RBEDO7% ML (X 3-3D faulted-T—F—7 4 b 4. faulted-t> % —
7% b A unfaulted-2—F—7% b L, unfaulted-t > % —7% b A) 26
LEJDVRSRAMNDBREONE 2B K 3TIC4EEDOT7Y LDV A MIIREL
AP MEROBBENRERZRETRT . COBRIIANLAE—ET— RTHE
SN=IEEMAFM B TH . ABFEOI Y IR M 2H O EHEIZ AR TEE—
RTHEEIND, 2T, MHPOEZRTHE N -BIBEAAEIX faulted half, ¥
WTHEN-BIBEAEIE unfaulted half IZ5 6 LTH D JEEA AFM TR 5 v
TOBEEEZITV. ZOMEE LA SHEE L= 19,
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Co-F Ce-F Ce-U Co-U

LRV

23.3A

(b)

X 3-7(a) 4FBEDPTF hALTar IR MBERD Si(111)7XT7 D
HAE—FR., ZOBRIINAEBBRITNERLZELET D LEILHED
iz, @FOERTHEN-EIEAIIZL faulted half, R TEHEH
7- BB, HEIX unfaulted half 2 R LT3, b)RRFOBERIZHE-T
WiEK, RENMRIE 4,=164A. B 7 b Av=28Hz, EZEHH 89X
89A2 THIEZIT- 7=,

Z OE I faulted half & unfaulted half T2 F T X MIEBR OB,
3725, faulted half 73 unfaulted half X VEAZ L BEIhTWV5B, TEh
DEIEMBANTT F bADEEE2EH T 5 & faulted half A TH 1.6A.
unfaulted half N TH 1.4A L 729, faulted half @573 unfaulted half X 9 %9
02ABKBEIN TS, E 3-1(b)iZH 3-7()F D BMRITH > = EEOBER
ERLTRY., 2=y bEALORBHEIZKE2 TS, ZOKMEN»L., 41
BOTH PARVELPIEEOBVWEHDZ LRDLND, 0¥V, 2—F—7
Z MAIBEY BolzrF—T # bA XY EWVMET, 2> faulted half AD 7T
& N LD FH unfaulted half NOT7 # b A XV EWVWUTRE LTEEI LTV,
ABEOT Y PAOBEIZEEEZETEY LERER, 4TBEOT ¥ Azt
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B2EIDEVWEIRO LS RIBRFIZRS 7,
Co-F > Ce-F > Co-U > Ce-U

Z 2T, CoF & Ce-Flx#ihZh faulted haf IO I —F—F ¥ b &t %
— 75 b A, Co-U & Ce-UldZNZN unfaultedhalf IO I —F—FF M A&
LA —TFHINLBTRLTWVWS, Ce-UDEXEBREEL UKD Co-F. Ce-F.
Co-UDEXIE. 2h 20 0254, 0.158, 0.05ATH o= 4TEEDOT7F b+ A
WA T 532 F TR M. UWTOEBRD SBEHOEMENRERICLZER
TIERWEEZ D, 1) P¥ M4, I—F—F—)V, REGPHBIZEETET
W3, 2) P MNLDEIEIRMEEE L ZNLADMEBTHIZFLALELTH
%0, 3) BERZ2BHERWEERTH, AKOIL NS X NOEENESN 2,

Eif. RErlandsson HI2 k> T Y UV VX5V ERWERO—TBE S
AIEEEA AFM C, 4FEEO7F FAIIHIGT 2 PSS X MBRHEZIH TV D
1, LU, B2 —FFMADBI—F—FFPLLD 0.13RAEBEEINT
BO K3 TIRLULEBREFBEL TV S, ZOEREREDE V. BIERMG (F
e D) ( BlESE (FMBEARE 20— AR) OME.
HOMBIZ L > THB EOHMEERDPERD I LR LIZERT 2D TII RN D
CHRHINZD, BERETIRIEEIAKESVWERIITHETH %,

WRIZ, 7 PLOERERME L ERER OB ZITVL. OV S XMDERA
IZDOWTHRETZIT 5. SiQ1D)7TX7TBEAERIZ. CHETT7H M LOBREN
BlE. RE=R)IL¥—, BT BREF. 2FREORIGHEE W LR
FRMEDSEEERN), KBRS INTETND 20, INSTH M LORMED S,
JEEfM AFM THEINZ4EEO7Y LDV A MIMKELEZI Y S X b
DEEM, HoDEZ OSN3, £3-1IC4EBEOTY M AICHT 2 REREOHE
WA ERRESHOERER DR ZRL., ZRZAORFMEICOVWTERZ

BB

I) 7Y NLOEE

AFBEO7H MLIE, ZOBREBICEEL TSI A VEPRED SOHERE,. OF
DEIDER>TNWE, £3-1 D050 3L DI, FEEA AFM THE LN -EER
D32 b7 X MI, abinitio FBICL>TEEEIN~ZT7H P LDFEI 7L Co-U &
Ce-F DIEBEDEZR>TWVWD, £/2. SHETRDONETHT N LOEIDETR
RKTH 0.047A(Co-F & Ce-U DE)THZH., ERTIIEKXN 02583 DENE
XN TWB RS> TIHEBMAFM O bS5 X MIEOETMMERBEL TN
5HDTIIENEEZ B,

II) 7% N ADEESDERX 51819
7N AOBEORS . B2BERFLORAORIERLCHEY, AT
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%31 FEME—RNAFM CEONE4BEOTY N LOBE LEBHDHEE,

4TEEDOT F kb F M AFM
TOHE B LD
AR AFM & Co-F> Ce-F> Co-U>Ce-U —
THEINLOES (FtE) 9 Co-F> Co-U> Ce-F>Ce-U X
THENLDFEEDEE (FHE) ® | Ce-U>Co-U> Ce-F> Co-F X
T NLOEWE FHE) © Co-F> Ce-F> Co-U>Ce-U O
TE NLADLERREE GHR) D
75 R AR RF—iz 2584 | Co-F> Ce-F> Co-U>Ce-U
FERNLINT 7T 2—z72384 | Ce-U>Co-U> Ce-F> Co-F X

— ROBEBICE>TRESNAFETH D, ZORMEIZERIICIE S FHEE
&3y IalbAyay 9, ERNICIEZEF= RNV F—BKD Y (Electron
Energy-Loss Spectroscopy: EES)®9IZ & - THERTON TN 2. TN HDER
Po, T NLDBEHDPOSIHZ2ZTEROTY NLOERMNERZHEEB TSI &H
Hsk 2, BHDPERICEM L TWABRECIE. P SOFRATTF FLAEN
WIENZER T2 EZ D, ZOBEICIE. K315 Co-FPRHE =
20T, EBRBRETFBET 5. —H. ESOFEEMBEIICH D 7F b LTS
PHDBIATERDPSEI-2ESNBFEF/ICIEI I 2L - a VEREERER
DEMIZ—HT 3. LDPLAEDBS, YIalb—-YarpsitEank. Co-F e
Co-U DESHEIANEAI T 2 L EOEMNEDEIL. BRTH 0.02ALUTTH S 9,
COEIZ. ERTESNEZMOZE 0.15AX 0 I MU LN I ERERZH
BET &7,

1) 7% N LOEHRES

77 IV — IV ZAHEERZARENIZIIREFOREFRICERT 2HENR
MEERATHH., P¥ P LAFOEREDEWVIZ L > TEHHICHFREI N 53R
FOARZXEED, #>T. VY MNLOBREDEVWL 7 7 T NVIT—IVZS
DREZIDEVIIRMENZEELONS, -, BHPIIFTESINIFRE
RMEDBEZHDENVWE LTORBEINDEELIOND, ZDORTIE ab initio
BICE>THEINE4BEOTY FLADERELEBE LTV, Z ORI
ERTEOSNEERIERP BT EI b5,
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IV) 7% b LADILERRIEMEE 72020

75 b LADEERREREDOENZ, B TS N LOHERED L S 1%
HHEFAORIICRBENZ2LEZ 0D, REDEEEIX. RIGELOD
EERT U ov )V (HEIVREEREMEE) OBWCXIDERD, REHKF—
LR 25BEEX. EFEEPREVBFPRIEEENE V. —H. HIZKREH
TIRTI-ERBGEITE. RiEEZe<Heird, STMIZLZERT. 7
X7THBERREE SIETFOH2VWEBRRFRFOICHLTRF—LTEHIZE
DHLDZEINT NS, K315, PH ML RF—LRBFHIIE. 7 b
LOEEEDEVWIERTHEOSNEZEBOIL PSR M e—HT B hbH
%o

LEDHRD»S, BEETIT4ABEO 7Y MAICHNETAEEDIY P52
FNOERE LT, 7 NLAOEBREDEIZ L 2MENMEEEBEDOEV. F 7T
T NLDIEZERRIEEEDE NS WS 2 DDHEEMREZ SNBZ LD
Do,

3.4.2 HF VI ¥ IVETFIIC L BEBIEEDRS

RIEI TR L SR TPH MLDY A MIKRELEEZHOY PS5 A M. 5
AEMEPTERICENT 2L EDAB/BOINDZ T 05, HABRHBEDTELE
REACDREEEBE T2 & T, EEMAFM TED LS RIERZEBIL L TW
ZOVERBTEDLEZIOND, JITIRNARMBEDOTESERED., Bt
ESiKREEDMBESLIEERAICLZ 2BEOHMERRA.2EETAZ LT
BT&32t%xnL., HELIIFS T 2MEERAOR 21T,

X 3-8(a),b)ICHEE &L B OYMEBHES LEEESIINTBARF vy VRV
F— L NARDOEBKEFEEZ TR T, MBEESIIEHEAHIIBH 775D
—NWVANRVEERNCLZ2EEERATH O, LEEAIEH LABOLER
BIL2HEERATH 2. ~RIVEZSIEEZEEAIV O EESRMEEER
T, Bl z DREVE ZZIMEREDRT U ¥ v IViE, BFOBEHT RILF
— L > TYEBBESORT VO INVEDHRERMBEIIR>TNS, T, b2
BEIINT IR Y VRNDOEENEIZ, DEESICNT I2EHMALEBLD
HRENIE L PORNDET U ¥ IVIKBEWEIZ > T\ 3, K-> T. X 3-8(a)
DPOYEBELMEFEEOI RN F—HERL. DIAEMTRETLZI b
%o

BFe DB TNEE 2 EABRBEICIEDNTWBIEAICIE. F XN OMEER
X7 7T NVIT =V AIOHERITOLD Y BEEPZEMICRBZ EEZ S
N (X 3-9) o ZORAIEMFIL. X 3-8b)FOMMEI TR LUEMBZIL S
DTEHEINIENRT B,

— A K3 9G)DERRTCRT LS ICEERYT LT )V TRy RE&BBIZEHD
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DS Si RENZE DWW ABEIZIE. HFE e HBNEICE MEEERIZERICK -
TERTZEELZOND, DF D, FEDPFEDPOEENTVWRHEEITIE. =X
W —ICEERYERZSICL2MEMEROADPZENTSH 255, Fet & &K
RED 2EEOHREEART VY VORET HHEBEE THES &, &t Si
RECIIRERZSIC L 2MEEAPET VIRD. ORFICIZES — AR IC @
 FEHRMEERIZ. SBICYBESD» SELEESICELT 2280, X 3-8(a)
DB TNV EZRNVFXF—CHEMERT 2. ZOER. HFeHCEH EIHAER
M 3-8b)D'd TR LUFMETRBICHEMNT 2LEZ6NS, > TIDHAEI
X, HAEBRRICIZTERRELIBEEIND I IR D,
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% IR 45554 DEAE o4
ERELIRD 8338y “tﬁ{{’ SRS

/

Si(111)7x7 Si(A1D)7x7
@) (b)
K3-9 (a)EESIHESRIZE T v IRy RERTESIRETFMIELT

WRWRE E b) [ TE L TWAIEEA D B AR LIEN & EEHTERT & Si
(111) 7 X 7R m DX,

DEDEFIVDE, HAERMEIERNICELT 2B/ LN SN OK
WEBEODIY bS5 X MNE, FCYEES (77 0TIV T—NVRAAHDINVEHE
) CEoTEHELEINTVWE I P TREND. —FH. THEHEITESR
REETABEEICELSNE SN OBWVWEERIX, TEEREMIES 2HEHT
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BIEENTVWAZ 0D, FIXEHERDOSIEFLTH ML LOEXFEE LY
BREAICIZHEEFRAOEIZISTERILEN TS Z LREND, 4R
DT F PAIZHEYETEa FTARAINOE WX, B ETF F2OEFEEITH
THHABRDBREDEV, TROBIENREEEOEVZERILL TWSH
EMEREVWEEIDND, BEER~DF T Y VTRV R Si RO
MEIZES L RB L DEMIZI-TRIVEBD EEL DN, EERICES ERE
DRI LR (Z v BV 7RRB) T2REEEZIToLERITIZ. A
AEEHFRICTRERREEBROND X 512725, K3-10 I XBRTHAZHEEE
Fy U TIREBTEE LRI, EEBBEIE LTHEMAFM AIEZTo 12
EEERLTWS, ZOHEENHZ v By VRETESE LR TIX Si FF2
REPOZEIRITTWBZ BN D, DR, TKiT7z SiRFITERSH iRzt
ELTWAbDLEZDNS,

X3-10 AR CHAFEREZY vV IREBTEEL HRICEE
g% R L CHIEL = Hak—Ef., £E&FH204X204A2,
RENMRIEA~464A, BEHT 7 Av=8Hz,

E7o, BEHEROERBILESLZ Ar A F VX BARFZ Y I TREL, B
HERF LTV TRy RefFoiENR Si RF2BH S84 |
ERRRE %D b AER 2 N ARBERIE LN, 2> SIN OFRWVEBRBEEIC
HTLBHE, ZOFETNEXFTHI/ERBB/BOATWVS,

3.5 KE

AE T, Si(111)7X7 BEREEICRB T 5 IEEMt AFM O R FoEiEs 08
B4 L ERIEEBEBICOVWT, HAE R LR FOREEPORIL. UTD
s EBbhipals,
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1) Si(111)7 X 7 BB ERE X AEREIERINICELT 2155 & TERRIC
T IEED2BEH A EEHLPIC LA,

2) HARBEIERNICELT 2B SN OEVER L2RFRLNRND,
HATRBEITERICEMT 2BACIE. TERPEZ 5 2z~ 0ADERTAIE
T2 SINDBPEVWEEFFOLND I LZALSPIC L.

3) HARMELITEEREE. 7 LADY 1 NMIIKELEIY PSS X MBR
BNBZEEHELMILE, £, PV PLOES, BRE. BR0RBx.
MHEMEICOWTY I 2L - a Vil L BHERE DL SRORBRFER LD
EBEFT->FEER. 75 LDV A PMKELEIY PSS X MORAIZ. RE
BEDHESOBRIICERTZ2DOTIERL, PH¥MNLOEREOENVWE EE TS
N LADEEEDEBNI L DAEEMDRH B EZHLPIC LR,

4) TSR B YEEA L LEERICL2MEERAEZZERICANS Z LT,
HAREEO R EER T EHEATIETNVERE L, COET VDS
BRSO T E R B IE SiFE D SIS BE L ESIRTFOY 7Y TRy
REFPHRNLDY LT TRY REODEERZEGICL 2 TRI>TWNWA I LN
TEENE. 7= SN OEWVERZIZ. FIX7 70TV T—=NVIAFEETHER
Ao TEBEENTED., SN OFVWERIZ, FICHEFRICLINICX
STHEBALINTWAEEESEDSH B L 2SR LR, IHhIE. FEE AFM
L o TRBOEZNRBEEEDENVEHEBLTE20EE»HEI 2L
T3,
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4.1 %#%E

JEHA AFM CTHIZE X 2 EEIE. RE DK EHIEE & Fer — AR EMEEE
HADaYHR) 2—2alilik>TWaDT, EEMAFM B2 ITr5. 8503
BROBRET DI EIIRETH 5, FEFY 1 MNIKE L ZHAEHBEOHEE.
TROL7 +—RZARY bOX a3 - FEEHEEERDBRDOA % H
HTE 27285, e AFM GORFRET> LTERICADRFRLRDES Y,
UL L5, 1993 £ F.Ohnesorge & G.Binnig lZ L > CTBHETDRY T
14 v 7 E— KD AFM TFERRERDPIRINTLUR D, BRFAT—IVTD7 #
— 2 ARG PR X2 —DREIEIE IR =,

FE2HTIE 74— RAARYZ PO RAE—DBEIEFEICOWTBRS, F3H
TiE. SiQI)7X 7T BEREROHE LR F AT —IVTDT7 #—XARY O X
I —QBEEZTV. BEEEEBOETVOSFREINZT V7Y TR R
EROTY NLLEEFT T TR REFERWY A b ETOHAEEHRD
EERIET 2, FARELAHTERBRTHEONEHAEBKEE> IV -3
VETETRONE, BB HEBREGL 7 7 UT NI VAT EDHEDP S,
EHEEBOETT VOEZLHEIIDODVWTRE T 2, REBIC, BEOHITI74—X 2R
R MO ZXaE—»5IEEM AFM TH SN AR FABEERDOFEE OBERE H
BOEKRIZOWTHBARS,

4.2 T7Ax—RARZ PORXRAE—QHIESE

Si1IDN7TXTBERERE TO 7 A —XAZXARZ ba 23 —@IEiX. K4-11Z
MY AETIT o7 UTICHEDOFIERZ B S,
1) WABE—EE—FTHEHZEBICHF LT 2RTEEL., HiEEZERETS
(X 4-1(@a)) o
2) EER LD 256 BIR(16X16)DNEBETEEZIED S (X 4-1(1) -
3) 74— KN w/EEEE OFFIZT 3 (X 4-1b)DA)) o
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4) B —ARREEHZHN50AH L THrSBESIT 2 (K4-10)D®)) -
5) HOBRELERICERES 7 bAvE2I L Ea—FICR D IAR. HEEE
BMOBEZRITS (K 4-10)DO)) -
AT ES AR ORBIC L > TKRELET B2DT, 74 —RARY
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BRI E U= EABERZBRET 272012, BlENIZ Ar 4/ 412X 32X

NWNuZ Y TEITOE. Av A Z AN FIEA A ERI =0.1 pA, TXRI)VF

— E=0.7~0.8keV T 30 21T o720 BRILAERDBREDHETNSZ LiE. STM

HEZITV SIA1D)7TXT RETHETAEBEDRFOND I &P SR L . 2 DR
BHEBOBH LUESIEFIZY VTV VIR R2FE>TWAEEZ N5,

FEALEAYFULN—DNRERIT F=49N/m ., 6 LIREB R

v,=169kHz T&H > /=,
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4.3 Si(111)7X7 BEREHRTOD
T —RARY hOZXaE—DH|IEHEER

4-2(a) . b)iE. ZhZ2NK 4-20)D DAS EF)NV 9 LT LI TREN =ML
BETHEINENARERCIRBHETH 2. DB, K4-2@IFE2HD7 S
NATEENAZBRE LXK 4-20)E 74 b LAOE L THRIEX N /- HAIE R & IR
EHRZ T L TN %, X 4-2() T3St &SR 28 01F 7=k, BEHEES 7 b Av
EERKNCEMT2OATH D, 2. REIRIE 4 IZRFD z=0A0 5. FERE
DZEACITH U THBEICEHD LTV —A, K420)TIXAEERS 7 b AviER
PIRESCDIHEM U, 222 ATHRERRIEMETT, FOB, BAEES 7 b Avid
HUESOPICHEML., zz1 A0 58 —-H{HBEOBWEEERADOZDIC, EE
ICARREIZIRD. DR, REHRIE 4,13 z=4AHEL 5K 3AHML., Z0&
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