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B1IE W

1-1 #=

&L, 7/ A= F —F—0D7 — NRILEE 263 ZMOSFET® )/ A — ML
F—F —DBHMEBEER DR 7 /51 RE ORMALEET NS ADBELFEZN
TWb, 25 LERMRTNNA ROERIZHAT TR, F/ A—Mvd —4F—DksE
TEREMEKRZHIE L= D BEEEEZERT 28K 70 X 281732
EDRBEATRTH D, EE7D—THME (SPM) 2HVWAEHMMNT, B
EREDOFH. BATFERAUESFRTE. 2{HLVLWFEDPTA FTPHRES
NRAEINTWVWB, THUEFHER? 7O —F HBIFkD LBATIN4 ZOEBRIZH
TTEHTH I ESPIEERETHBETH 20, F /A= oY 7IZ70 0
AT —)VCERHE - RFEHOERZHET 251, BLUOZOBERICH 2 £H - REHR
ZOEREY) - R REHETENCBROTEETH 2.

REHEZ XA FEME CHEITNEZO XA IEEICEHTH A, HFRy—
NVTRNELTRFOMMNBPEET %, T2 T RFEMBECTRZ 37020y
DA =WERFAT—IDHEILSENE WHIEKRT T AV XAy 727 —)b ]
EVWIEEZRH WA ETHIE, COAVZRIABY IR —)VTIREZDRFIXIRZ
BRWH, RFBHRDEE., T RLBRFRAT Y ZTEIEKARLLTRSZ LT3,
CORRIZ, BRERAOHRBIEIBIR T I —NVITIRELTELT 3, F#1-1iZ, B8R
TEIRT N EBRINIBRERAMOEEBICOVWTELHE, £H - REOEEH]
HEMIEAV A I Y VAT -V THEI W2 XARFZ L EBICEELTWEZ &
PO AMX TR AV RO I R —)VTCOEBEBEICEHE T2, AV X
AV IR —ViE. HLADRFORZ2BVDISHEHFET HICERPKEBETCZD
B WD RERH) I b HmIIC O RETH D, 2T SDI5AVRALY IR —
WIZBIZREMEZERT 220 BRRAZET ATy 7EFPRBCES
BECHBL L, BFRAFy 7 EHRT S 2L > CERER 2R T2 7 70—
FPRAVWLNT VWS, CNETOMET., ERICT7 7L vT 1 VIV P HBRESD
KARED, RFRAT v TRBAE URBANY - REHFHEBICL > T LA
SNTVB[12] £ T, BBERADHETFATY 7OMEBRZHASHIZL, ATy 7
DEFHZREL TWLIYHEE2EBRNOICTHEMIT 2 LB EBETH S, ETIE. b
HIvF U VEOERANRRE 7OV RICDWTHERFAT Y Z7OEHHICH I\
M REINTHBD. RFRATFy 7RBAI & LERERZOBR O EAKNLRES
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HRINDDOH B3] T BARKRA 70 RICBVIERINZETRESE
FRT7T Y TOEED SERKICHBETENIE, FEEXRT DL IEHOREBICL LS
5932 ¢PH/RINS,

Fz11 BRIZRATINELEHRINAZETDOERYL

R —)V
e r/n2av¥yy A z2av¥wvwy BFRT—Iv
I3 LB E BFRFv7 KRB, REETF
FHEAR 2FVTIINF REFEER
77y b ATFwT, FU
BRI 2YER RIAES 257w TEN FRFEofEET 2 )V F—
AFVTAT A4 THAR AF VTR IF—
27w ZEIOMEER E /A YIVE

1-2 HWRRHOETFIATvZICET 565

HEaD L SRR, BREREMAPHN PR R PEREBICH > TREL H/HXL
bROBVWRERE (FEE) LERRERICRSNZBROE (HER) A&
I N 3. BREROFHEIZOVTIE, GibbsiZ X > TIEHIN TV B LS Ic2k
BE2—EL UTRRAEHHZANVF—DOBU/NREIC L > TRED . HLRWUEDL
AZHERIC K > TH B DB TEBM4]. b L. EHEBT RIVX—ICEAMDR
DNELREEPRNCRIIREPRERECRZD, BREOLES., EEHBTR
WEFr—DHEAMIKELUTET 2720, BRAREIEERLE LTEREINS, £
mDLEEEZBE LU TCWAERHEHHTI AN F—DR AR . BEFREOESOESM
KHELTWS 20, 370Xy I RERPSOEEPLEL R S, BREE
TOXRAHHT ANF—DRAMERD B DK, REBROTY FDb—%3E
BLRINERSBVE, —RICChZBOHTRETH 3, UL L. #MAHEEIFE
NBFEFRAT v 7 FHR TS ABENCES U -BEROER T, Flc x5 v
TORHEILL DY PO —ADOFEFLZHETH . BFL )L OEEZE A
feLTRFRT v 72 g/NEBAL L UTREARKZ IR T 2 TSK(Terrace-step-kink) €
TIWIEEDOWTRERNOHEDITON D L5125 E[5]e TOTSKIHHIZE TN
FREMTIC L o T REGRADO BRAMICH T 2HBREEFEICFES D, FIRICERKIC
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ATV TDRLEDODMEZRANLIERE S Z =,

MEOREBRFZMOEL VWREICL > T BRRADETFRT v 72 EEBE
TEILWARRERD. AT v T REME UEERPERNICRIIE ho2dH %,
BE. RFRAT v 7OMEICHAV STV 2RAEBEKME Ui, EBR PR
JVBE®#E (STM:Scanning Tunneling Microscope), JR-FRE1/78EM#EE (AFM:Atomic
Force Microscope)  RANFUEFEHMEE (REM:Reflection Electron Microscope) . EZF
RIS EFPEMEE (SREM:Scanning Reflection Electron Microscope) . EZHE T 5
#% (SEM:Scanning Electron Microscope) | {KE#HEFIHMSE (LEEM:Low Energy
Electron Microscope) HZIF 54 %5, REM[6-8) LEEM[9,10]i&. JEFL ~I)LDEL
ZERSREEET SN RN DD, FFRATF v 7E2RVWIV IR MNTHRET L
DHEETH . THI. BETTORFRT Y 7OEH 2 ZOBRBR T3 &40
HTHB2 LS. RFAT Y TOMEFELLTULSAVWSHTWS, —A,
STM[11]TI, RF LIV ORWZERSHEFF SN, KTFLRIVTDRF v 70D
EHZRANDIDIE N TH 3[12-14], RETH. BRESR TEEE R, XFv 7
OMEFELE LTCORAGBRIIE V. F7=, KEETREF (LEED:Low  Energy
Electron Diffraction) [15,16]. X&RBHEL[17]. JeBEL[18)F DRI & MkAR & LT,
REZ 7AZARRAT Vv ITOELEERFARZFERLE LTCEETH 5, choDEdh%
AWaHriE UTiE, REALOEWEBICbE>EZEERIEONZZLEP &
o FPRA2BREH 7D AT TOZDBBEPLEBRAER TR 2mDEITF5N 5,

1 -3 FifEOEK LD

) aYi, REEMEE LTIXNICROEETH D, 20PMIC>WTIRA
SRS NTW B, KIFETIE. AVRAIEBY IRy —) VD> ) O EREBHORE
EOEMBLUZOHEZENE LT, YVIALEREDRFAT v 7OEE%ESTM
ZHWTHNS, THET. Si0)BLUSIAIDRBEICBIT BT v 7OMEIZH
LTEELIHARSGNTEY . AT v 72 B L ULEEROEIEIC OVWTHRE
hoDH 5[2,8,10,12-14)c AFETIH. XF v 7RINBIAK RBEEE D@L 2 &
DPHISNTWBSiI(113)EKE[19-21] LORF v TORZBVWICEH L. AFv 72 H
fire UkBemz AW =2t w20t o8N R E %2 Bi5 T,

Ram X DRI TOED TH %,

H2ETE, BRRAOHNZE - M N FER IOV HHT 2, I BREOD
FERP 77y T4 T Vo EEENERERIORAEICL - THEHATESEZ
LB YT, 6L, ¥/ DRy I REROEREEXE T 5 E AN RERZ2H
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BIL52C. RFRTYTOMBELPEETHBILERT. HFRAT v 7R HAT
ELERHETNVEBN L. BTFXT v 7O ZEMBICOVWTIRR B,

#H3ETIL, SOS (solid-on-solid) EF)NVEMENZI /ORI YV REFIVE
AWTHPEOE Ao Y Ial—y a7, XAEE2EGLELEEEH
7NV IFAVETNVBLOTSKEFIVIZBIT 2R BT 2,

BAETE, SIABRAD 7 7Y T4V VEBBLT I 7y T4 L 7DF A
FITRCDONT, RKEABKRDOSTMERDERICE ST\ TERT 2,

BOETH. Si(113) KA LICBWTHET 2B LRV A XDRF v 7N F DI
LEDRTFESTMTEEL, ATV TINUFOVA XERTF Y TAFT 4 72 ADE
RICDODVWTHFAR D, Fh. SIQ)EH LDORT v FICBWCEET 2EHEHDOEH
WZAT7y Z7EMHEEAZZERUETSKEFNVICE SWEEREZ T, ERERZE
YERYICHEERE T B,

B E6ETIE. MENREBEADPSSI(I)RADRT v 7DIES FIZDWTHERT 2o
AT W 7TDREAESTMEZ ANTF IV ORI DA HZ2ERGICHIZ L. TSKEF
WrOHREN 2R LLBETEZETEFUININ P UICET 2EHEA2E &
H9

RERIC. RERXERE L. fBRRBZIZOWTER B,
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B2E REBLTRFRTY TORNE - Kt HFHH

2—1 #%

(]

ARETIE. FTHAFEREICBT 2RE - REOS FHat HFEMOVTE
N B, £RE - RADOERZHAT IHEICREREIPERN RGN ZRETL
2RL. BEOEEEL 7 7ty T4 VI DBRERENOEAHICL > CHETE 2
CLERT. REARNORAGUZEMT 2 =0, BEGRHRBRKEI I ZOERDP L
Brhdp, COBE RT2EAL UEMENTET IV 2HVWCEREBEE TORE
BRHEZERTE2OXRETH 5. 22T, RAKBRHNOEFHICET 2 KEN RER
255-0. RTFRATYTOHADRMBTE 2BREBICHALZITWETFRT Yy 72 H
K& LEEFNVIZXBERDBILLITONT WS, X7 v 72BALE U = HiaHEEE
Wik, STMETEERINBZAV R Y7 AT =)V TOXRARRZEME T 2D
HIAMTH 5. KRETE. ZOERUIREACOVTIHER, ZOH CELR R
LER=ITMEELHEIC L. ZOERNRIFMECOVWTHIERNS, FHiEOR
HH)RBEHIE. E4FBLUBRTRIN S,

2—-2 RHEORNF
2—-2-1 ZRHERKN

AETIE. RE - REORAFNMEE B ERNITITREERAIC L > TREDDT
SNBZLETRT, RE (RHE) k. BER2HEOE2HVZBEREDOZ L TH 5,
B2- 1D B — DR R MBORR 2 DOM, 1 LH#H2HBHEL TV BIEA,
TROLBZHIEGHIIH 2K ReELI%, REAPFLETAIZLICL B R)VF—
DM A E OHEBAICLHT 20T, READOHBEZIA ZITELIEI5DICET S
TEE4RI

M:MA (2-1)
THH., STTREYEEEEHEFEN 2, HoTREOHEEZZRITNIE. 2%
 DIRNE-RUZ DL

E=TS—-PV+uN+1A (2-2)

dE = TdS— PdV + udN + ydA (2-3)
TE5Z26N3%, ARYTEDLINZLEROR)NVF—%, 1 BLUMH2 DRE.

6



il

JR¥ kR a

>
JAFRUEE
X2-1 EME (1) &5 (H2) OREOEAN. GRIIH TEEDOELERT.

T bob— EA. FE bFERFY eI, RER:T,S,P,V,u,N,;T,S,
P, V,, u,, NEREEBICOWTORERSDEFEES, V, NERHWTEDL T L 2%
2%, CZT. S, V, NEchsoPHEEDORHEER & FEN 5, 1 242 HH
FCH B L& WHEOEE. EN. EZRT Yy VEEFELWODT, T,=T, P, =
P, w = u,TH3, —J5. WFOEEnIME1 LH2TZOENERD., REFMET
RBICEEL TV S, REEETORBEROEILORTFEI LS AP S5BRNDT,
KREDRDFIIMEBEDH %, 22T, V, = 02 LT, H1 M2 2BEMICEH
TRETELEEZD, X oT. 2ROEHVIE. Zh2hOMOEKREY LV,0
Me LT,

V=V, +V, 2-4)
TRbINB, —H. RRFENICIONTIE. M1 EM2OKMFOEE &n, %A
<.

N=N; +N,+ Ny=n;V; +n,V, + N; (2-5)
LROLENS, ZOK, WFEOFREERN T —MBITIEFI RS RN,

PEOEZERET DL, EROTRIF I,
E=E,+E,+E,

=T(S1 +S2 +85)—P(V1+ V) + u(N1+ N> +Ny) + YA
LE TS, o T TANVF—DORMEERIE,=E-E,-E, & ZDLMIE.

7
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E,=TS,+uN,+ A @-7)

dE, = TdS,+ udN, + ydA (2-8)
EhBo RERDERE-B)LD. ~"VAFIYDHBI R E—L ZOLMME.
Fo= uN, + 29)
dF, = udN, + 1dA (2-10)

b, TIT. IHIEN, =0 &R2ISCRFEEEZELTBFE. RC-HBLY
X(2-10)i.
F.=yA (2-11)
dF, = ydA (2-12)
b, Y EoEwmD> S, RADERICBOVTCHFREABEOREERZN, =0, V,
= 0 LT BITE. REOHNZHRLRMER. REBRHIOAICI>TRESTSN S
ZEilizb,

2-2-2 WROIHEE

BREOEXAEACE U TR OFHHARZ i, HEARDSBEGLERD REENICE
FHEEDPH B L TH D, FBRORAEDDKL REHERERE2EBZLE., FSICZD
BHEICHERT 2, HREMORD z = 2(x,y) TROINZK., RHEEN yORAM
ERIHIEEXAEBHT AN F—IE,

F= [ w1+ ¢ + g2 dxay

(2-13)
=ff(p)dxdy
‘t“‘—?’i 6“50 :Z—t\ p@i»ﬁ@@ﬁﬁxif“%b\
_ 0z o0z 514
P—(gc,g; (2-14)

TEDEINS, T flp) iF. ZEMH (p=0) KHELEBMNEMEHZDHOXRAHH
IANVF—TdH b, BROLELEE. hEE2—ELLUTF = RINEVWSIHFRHFITI-
THE %, Wulffld, EHRWREEI1o) S FER 2 KD 2 EH (WuffOER) %
RUE[L2]e T, EEEELT TN 3 Wulffd 1k X & IEIEh 2 8028 ER (K
22) WL THIBZEHHKS, £9. RAEHyZBEETTDY F T35, KR
(Wulfffl) »6y7By FOFEICAT TR Mvae b, ZRICEER FHZH
o TBE, ZNSHOEHICHET 28KENEEE LR 2. y7'BY M. BER
FEOREHE (BREAE) KBWTHRATROBNMER L5, ZTDXDRIFAEI.
WulffOER 2475 & EEREy7 O v MBI 2 AR 7OAAIC BT 2EET
HEn=ZHKL R %,



—— REEHOER
— — - BROTER

‘M2-2 w7 OEX.

. BUNEEEYZDORABEBTRIVF—f(p)% Legendre ZHilC LoTE
BaphonllEHT 3L,

() =min , [ o) - n-pl (2-15)
- 16

&by, ZCT“?(n)liAndreev HBHIZANVF—LIFEEN D, T BHOME pDHRE
ERELTEASIN g, HOWHER2FHTINBLELZZLNTES, 2O
AndreevHHIT RV F—2AVWNIE, FHROFEERIE

R (xy) = f(Ax, ~2y) (2-17)
KE>TROLNB[3]e TOXRNF. BERCEEHEEZRD 255510 L<HVWSH
TWb,

2—2—-3 I7yrtwsr4LY

7revr a7l KR23ICRUERRIC, BEARICEERERERE DK L.
FUDRRDEICL>TRAPEONIBHZTH S, 77t v v Uk, AgE
PSIRAFORLRRICBENVTEHEINTWVWB[4-7), 2EEABE 77 v 427
PRIBILICL>THEMT 2l rbrboT 7y L /hBERIANS
DiE, REBRIDOEAMICZL 20 771w T4 2 VBT B8] e AR FAR

(. Herring[8]IC X>TH5 X 5N/, HeringDMEaw%EHE L LT, Williams5[9)d 7 7
9



YTt T REOMMRBRRELLZ., 772 vT 4 VBT 2R
UKo AHITI. HerringB X UWilliams 5 IC k> TS WET7 7y F 4~
T OEFmEENT 5o
HERPOSP->THEEHEWE—HFREA2EZ % (X2-3218) . ZOXH
DEZBLAK L 9 DREICHRET DM
Agsin ¢ = A sin ¢ +Asin ¢, (2-18)
Agi(pg) >ANP,) +Ap YO (2-19)
THb, Ty p=tan ¢TH B0 RR-18)id. 2K LTKRADHNDPRET S
. RE1HYE 77y T4 U DREEER., ERABHI ANV I —BEIRZZ
EEBHFEL TS, R(2-18)&(2-19D5ME. HEEICHEZ UAEBA' = AcosgB
JUEERmICHE Uz L EOBMHERKD = D ORMEEBHT RI)VF—f(p) = Hpo)lcosgpZ
2 1AM EN

A+ Ao =A 0+ Aoy , (2-20)

Ay + Af() > A f(05) + Aui0s) (2-21)
LESET LN TED, RQ2)EEHT B L,

A _

_,b _ pa pO (2_22)

A, Po=Pp

b, RE-2)EHAN S EFER(2-21)iE.
foe) —Kew) N fie,)-fpy

Po= P Pa— Po
CEEEINS, ARC-B)DERHEZRMET 2ICE. fp)Pp,& p,DREIT LI MR sEE,
BRINER SRV, F2-A4DMIZ, f(p)Hp= p,p=p, CLLBEBPEIT B L=, o
EpDEDIERBDOEHIIRECHELETET. p=p,Cp=p,DHEHIZTHT 5,
PEZRUERIZ, 772y T4 VDRI 0. HBEEICHE UkEBAEE
HEDORAEHZ R F—fo)P LI REEZR/RDOBEETH S, T T 77
tyT 4 TR AIYHEREEEERETEED. D UMEAERNRESPSE
T %o HEME LT, MHEOBEWVEIERE2EZ 5. Jhid. BMEBICIENS
BB 2XREEHEZBEE 7O P LEELEDARATDOAMNTH 5, ZOEEMR
POLTHRICHZEIT L, FHARRH K 1RFEOEIDRAT v 7HHIRT 5,
SOKHEZET T ERAT Y TOEENEMU T, RK2-5OBRATY 7T
ORI hEEEE RS, —KIC. XR-sOKRBEAEIPSOLT PICERLERE
X BAE (vicinal surface) EIEEN B, COFBRREOHAIE. K2-5I2R L EHKR
BEEAERICBWTHAAB L UANANC K > THREI N 5[10-12]e DK,

(2-23)

10



—hRR K

SEE L RE

X2-3 7r7rtwvs4 o TER.

o) &

X2-4 HIRBEMEEDZDORAEHT RV X —.

R, T v TEEpL
tan ¢
P2 (2-24)

DEBERICH D, 2T, M1 BFBORT Y T7OEITH 5. A7 v TEEDT
ZhEWK (TRbb, TR, A7y 7E2ERNRERER L UCEEIIIRT

EBHO) . EEEICHE U BAER Yk D OREH BT AVE—E, |an f O
BB L LT,
6,
/@an=¢h3+ﬂhDWmﬂ+manhn43 (2-25)

DRICEDEIN3[6,12,13], BIEPDIE. F5RE (p = 0) DEBEENTH 3,

11



E2HICBIBPONEBMNEZLEEDVORT Yy 7HHIA NI —THD . FEH
FBAEZSORT Y 72 IKEDDICET 2RIV F—TH D, HIHE. ATV
TROERExE LT Ux)ex 2 OBRZ 7 v ZRMEREADS 2 5ECHbN 3 HE
THb. AT v TRICZ AN F—HRMEERAPRWEGTH, BEITIRT v
DPRETERVWILICE3 Y boe—Il BRI ZREMIMEMERDPELEL, 2O
HE5DtangfDIEE LTEHDLNAZ LB FPo TS [14,15] > T A(Q2-25)ICB
b\fltanqbl D2HODBBREIBRbI RV, 2. A7 v 7RI UK)xIZBNWTn > 2T
B DR EEMOM LR SEH < HBE. Jan ' DHL ULTHFET B LHFMSNT
W3B[13]e XR2)CBNT. BRIETH S, K>T. AT v THOHEEEHDPRFE
WTHhIE, gbELRDfodBFACHEML, 77ty T 4 TEEERNWI LI
B3, 77 wTF 4o hRESZEDICE. RE2HITBNWTg < 0TH 2D, &L
L4 RUTICADREEEZFE DEIRELbhRITNERS V. Zhik. X7 v 7R
B BREEERDPEN TV SEEICHET %,

[¥2-5 HREOEAX.

12



—RICRT v TEOZ RV XF—HRBEERIEFR L UTEE, 5l hMRHEEE
Rz5lsR IMENEREHE DAL TRV, FIZIE. REIEI[16,17]92
T T OMEF[18]ICER L TR Ty 7RMEEAADSIEEIIh 32 2 BE5
hTW3, REWHDPNET ZHACIE. BICREORBEEREZD., Ug)ox?
DR AEZ & Do —7. FBTFPNE T 2546, HEERAOREEKET IS
BT 2BE L AR UE) x> OREEOH, KENMEEER LI MM EERD
WINBDEIEEZ SN HEeEDH 5. EBIC, CuRBALDRTF v 7BICIEE 5
RIREEERPELELTVWEZEHBSTMZAVWEERICL>STHIINA TV S
[19]c LU, SIHMHEERAOREZI BREAICHRTHRITKEL RV ED,
T7rtvra v TFRERN, ERICT7 7Ry T 4 LV REIEEC T YR
LT A7y 7RO R IV F—8R MEEM X b b REEHE K69 PEREED
TEDPHONTVWS, REEHKCRERE L. REEHHTZ RNV —DOHMKENES
E)DEEZE IR D, TOR. fp)ic LIZMOHEEIESIE D BIh B3 HEEIC
77evT 4 Y ITDBIERII NG, £, FIAE LT, SiQI)ERE TR, X7V
TG CEH BN EERICL > TI7 72y T 4 L/ DBFEINZDBHS
nNTnW3, COBEIIE. AT Y TICBVWTRFOMAP IR 32 LICL > T,
BHE T 2R 7 v 7ORICEINMMHEERADPEL EEZS5hTW5,

2—3 RFTVwTOELHE

AT BBOFEEESL 7 7y T4 VI DBERERDORFMIZ & > THET
FBC LB, MRHEE N 2EEHAEEFEORE K. EEREOTZ R L
1RFEBOEGETDRT Y 7 L>TERE NS, OB, BANOELERATY 7
BEOZICNET 20T, (KIERAEICHE L -BNEREH D OHEHZANLVF—F
(P)2RQ-2B)DRICRAT v 7EEDOREREETERbI L ICK D, RHEEHD B HM
ZAT Y TOMBICESIWTERT A EDNTEDL, KETH. A7 v 7OEEHE
RETOIRZBEVICONWTIHRR B,

2—3—-1 FEfFEEETI

FAREETE. BREEOXT v 7 EMBICES WTE LI IE, X2-6
DRI 1 KDMEART N TEDZ, AT v THEHYNIZE B FRICy-il. 75
AHATZNEEEBIx-BZ LN AT v 7ORIEESGEE B @y)IC L > TiEdha h
0 ATV 7R, 2RARKEBU S 1 RARBEEARTIENTELIDT, Z0MH
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- =

Step

x(y)

X2-6 T w 7ODIES XOEFAETTIV.

BEATYTEN pICL>THE DTGNS, A7 v 7R RERENERE G
BHb. BRFNHLERAT v THEINICE S ANOROAERZILTE L. R
T v TRDGDEEE LTHOTERDIN, 6= 0CTROIHW/NMEER L %, FHEREA
[ (6=0) KEZES>TBRAT Y TPES T L >Tx@)KER LERDOT RV
F—DEMAE X

ax\?
ae= | [ AON/ 14|55 -AO ]y (2-26)

ox
tan 6= — (2-27)
dy

THd. 2Ty ODEEPNINELT, 0=00FbHTRE2NEREET 3 L.

2= [ 160 + 3O ) 1a- 36 )-pO 14y

1 " 0x 2
=SB0+ B (0))f (a—y) dx
b, AIDREEICBNT., 60 1 RODIEFPHFEDLNBZNDIE, OO =0THE/HE
BRBEBZEBRELEEDTH D, . HB2RORE:

A0) = BO) + £'(0) (2-29)
BRAFTYTRAT 4 7R RAERENDE, ATV TRAT 47 F2REXT v Z7OMIFICH
TAHAEIZRDODIYBETHH., AT VTORSEDOREIIBRET b, ATV

14
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DESETOMEZR S0, X7 v 7HEER ()2

£80) =< [x() -xO)]* > (2-30)
fiﬁféoﬁ@g@hﬁmfliwﬁ—%ﬁmwémmét\
< (%) > = % (2-32)
B, fEoT. AT v FHHEIEISIE.
Yoax . kT
= —d = Fy = 2-33
80) <[L ay1y1]> y ﬁy (2-33)

b, BEEEEyICHBILTHEMT %2, S TR —NVENERT v TOHES FiE
TH2. LEOKERIZ. 6 = COFRANICEZRT Y TIZONWTHELNELDTH S
D, FIARESR0)EEROAMICEDLRT Y TIZDOWTHRER-3BNPRILTEL %
AEAILTW %, REM, LEEM. STMZEDREH LM 2 A WNIEERIC L2 HIE
TEHIEHAETHD. RAR3BNEAVTATYTRAT A TR ADKEZIZRED 3
T EPTEDBR21-23)0 ZOEHIE. ELHBICBVWTRT,

MRHEOES. BREBETIXT Y ITHPELETIOT, X7 v 7HOMEEERDE
BREZERLRINERSARN, HBREEO T v 7ERLIERZETZZ LHHERN
®. A7V 7 OB EFMBETIRT v TLOHRI Lo THHEh B, 0B
. B—XF7 v 7TIBNTHELNERQ3B)DBERICEEEMZ 5, A7 v 7OERE
DFRE. AT Y TORS EH YT S AEDI2EBEIC R B LEE IR ZLEZ S
N3, #>T. A7 v 7HEBEBg)ICRAT v 7RI OEEMELHED ZHEZD
B UTE Ry,

Yeou=1/(4p*”) (2-34)
BEAINS, A7 v 7THO RNV F—HRBEERP R, X7 v 7BEIEN
Ha. MNAOANFZIMEZER 7 )V I AV EFNVTRRINZ AN
TW3[24,25]0 BHZ 2)VIAVEFNIREDSVERRDP S, X7 v THEpH/NS
W yDy , IBWTey)idk.

80) == Iny (2-35)

nop

DRI EENICHR 285 C LRI 5[26,27)0 HE-35)iE. BEPHMENRZ T v
TDNRZA=FIKEZLTES T, BREOHASERRMEEE LTiiffdh 32z
N=YIVRfEmCH 5. UELD, ARBETRT v 7PEETIMBETE. y<
Vet CERAT Y ZTIEMIZ L TN B L ABREED T, gi)idR(2-33)DHEIZ—RT B
Us ¥y CHRATYTEHREOHRICL>TRAT v TOES EHAMEIXh. R
LTgy)dRBMEDPFHDSNHBIICIREZES L EZ 5N %,
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X|2-7 TSK (terrace-step-kink) €7 )b .

2—3—-2 WHHEETN

HIFICIE. ERATTNVICEDIVWTRAT v 7OES FIZOWTERLE, 2T
. D UHMBRIRBEDP ST v TOES XIZDOWTHERT 2, B A SR
AT —=NWVTRT v 72 RAER., A7 v 7O REREKE LTHES ZHHKR3
D, MO—RERFLERABEDORT —IVETHERTZ L. A7 v ZTIERR2- 7O 8
HEIRBERZR DTV 5, ATV Tk, AT v THICFE o 7 LIRENh 2 /RBEkEEH
I h3ZLiCk>TELBDLEZI SIS, BBNEHOKEREMELTTS
A AT TBLUEFXF I 2ZOMBER L LT T 2 €7 )V ZTSK (terrace-step-
kink) EFIV LIS, TSKETFNV T, A7V TDH—N— N2 THEE 552 L0
ZHBLUT7A Z 0 FEOBERIB|HAIN 3, CogRBEMLEZ. 7= VEE
EDRNEZRH 2R T Z2DICIEZEI R VWD, 72V FEELD HACENWE
EEETETA/ICRBVENTH 5. TSKEFNIZBWTCF 7 BICHEEADRT
NETPFERBICBIB2RT v 7OES FIESNTH S, f-T. RQR-30)TESL
=27 v 7B BB e(y) i,

ylay,
g0 =<(2 m;Y'>=by/a, (2-36)
i=1

L, ERETTINVOGE LRAKR—RTHEMNT 2, 2T n=xi)-x(i+1). q
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AT ERCTH Do k. REDRdiffusivity LIEEN B0 B |n|a, DF > 7 2
?%@CZIZ‘EEI?\}D%‘;— ZE(nD& 9 % L. diffusivityld,
242 Y nexp (~E(n)/ kT)
(1) = —= (2-37)
1+ X exp(—-E@®n)/kT)

n=1

CEoTatEan s, K (2:37) OSBRI LIPEFUININ N VEmD
BURBREIIKET 2, ¥ VP TELROTRINF—DOBEMD, BHICF L 70
RIICHHITZ L UT. Em) = neZRETNIE. b

b /4t = %sinh"z(e /2kT) (2-38)
b, (- 33)03!3%{?%&%\“&? ATV TRAT 4 7R AGBEDOBEEE LT,

AT = 2 2kT sinh*(— (2-39)

2kT
t?@%héo%of\XT/72747ix@ﬁﬁwjﬁtﬁtﬁwﬁ%$ﬁﬁ
P23, EVWHZNE BEOLEREHIZIZAT Y 7DES EHFMARLERHDT 72X
PRI BILICRD, CITERIAREEZ. N(2-38)BLUHKQ-39)D HiRiLE
(n) = neDREDTTHSNEHDTH D, —HRIDOTIERV. BRBENZK
EY B, diffusivity b X7 v T 254 7 2 ZOBEMEFEEIZEET B[28]0 #E-To
%ta‘%aﬁﬁi@x F v 7O 5 EOHH FHIMEEZEMT 312k, TSKEFT IV EANWT

w3 DHEICRIRE R DXLV AN F—-DRIKEMEMDFMHIERE L R 2,
FUIONIN =T UEMDOEFRRRER. ¥ 7 OEX 0|05/ P(|n) & b EERK
WFHiid 2 2 L KB, BEINEML DXL 7ORIBMITH 3 & T
FUUDEIDAMIBHMIZFEI YV HRITHD DT,

P(n|)=2P©)exp (- E(pn|)/ kT) (2-40)

&b, TIT. PORBF L I7VA MTCBWTF U I DPHMEINBZVWHERTH B,
RED2iE. HAEZIDF L 7IZDOWT, EBZMEHBWSFADF>Y (n> 0kn< 0
XIS T %) DRICHER TSI 22 LICHNKT %, Swartzentruber S [29])ik,
FRICSTMED S X 0 7 ORI DO4MZEIE L. S00D)RE LDORF v 7z DWW TH
YOIV M =P VEMm)yEFERICFEM LT B,

. Bartelt 5[28JITSKETFNICHENWTEH, BERORX T v 7HEEZ R DHAED
27 v 7HHEBE )P+ ARERyIZBNT,

gy)=Alny (2-41)

DERICHEHNCEMT 22 2E ThVAY I 2L —2arR2iTo THELTH
%, ISITMAFES[BOJE. EVFANVOY I 2L —Yal &> T, TSKEFI
BT 2RBADRT v TREKGFEZRARTED, o>00BRETEEB 7 =)V 3
17



ZFUETNVIEBIT B2 )VRE. T§RbBA=1/70°L25Z L PRI ND
B, BERORF v 7BEICBNTRI=N—Y NV EREL STNT. X7 TEED
e HICHEBADEMT 22 L E2R LTV 5,

2—4 F&®

AETE, B4BLUBETORBREROBTICHOTER L /R RERRICHE
T LEHNE - METHEZD—BERICDVWTHENze COFRT, FWROFEEELT 7& v
T4 YTV RAYERAZPREGNRARANC I >THETE L 2R U
. RERNWOEGMORENLRERIC, BRAEL UL TAT Y T7OELSEDAE
BERUEMHEBMUSNEETNVEE DV ERGPENTH S ERL. ATV TD
AR EIT DN TR,
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BIE MENREEFTNVCIZ2MPEOI2L—>ay

3—-1 #E

BIETE, MBEOHAALZOMEIZ OV T, EEEREHEL LEBEFIFT Y 7
ZEAE UEHGBIIESWTERLE. RETH, COMBMLLEERES VICE
DWTHRONEBRO—&E - ZUM 2L DEIREICT 2 20, EERREHELE
9. SOS (solid-on-solid) EF )V EIMEEN ZRF—EZEMAE LAMEHNESLEA
WTHBEDOHMAZRNEEICDWTHRT 2. K3-1ik. SOSEFVOELF AL D
YRaVb—=v a3V E>TERINEZRADKTTH 5, SOSEFNVIZEF—HE%
BRNLUEREETINVTHH, TSKEFNVTRERLTWEI TV 7D —)5—N
YURE. TORLEDEHARTA T REOBERW DY ANE L BEENRZEFIL
THbd. 2T MEHRSOSEFNICBT AR v 7HEEZET L FHLD
FRCLTRD, RF v T72EMA L UEBHY s VI4 Y EFVBLUTSKESF
NCBIT2HERELEE T2, £/, REAS7 XA 2RES T3S MEEEEE X5 v
7B DRI DWW T HERT B,

[X3-1 SOS (solid-on-solid) €7 )V CEM I 1 2 REFAR.
21



F9. BNEZEERT 520, UTOKRREERZERT S (X3-1) . FHAIIC
27 THEDZHANy-l T2 AEATEFNEERERABIC-#Z L 5, Z DK,
fIExY)TOTZ AEICA UTEEAHDREDRI z(xy) I L > TERHEDEKRZE
MTES, REDES XOMEIE., WHOZEIHEEERg0)IC L > TEEMICFE
fixh 3, SSMHBEEEZ. FHREPSOTHhAZHNWT,

8.(xy) = < [4z(x,y) - £(0,0) >

= < [#xy)-2(0,0)- px]* >
TEHZEIND, 2T, pPEATYTEETH S, 2 7RERETIE. g)DPABEYIC
FEHT D EeBRASNTEH[1-3. —MHIC

8.(7)=A nly| (3-2)
ORICIRZES C DRI B, —A. —KRKDRT v 7ORRIEx ()T & 1.
B EOMBEEEIETHRNE LS IR T v 7HHEEAE.

g0) =< o) -x0)I* > (3-3)
KE->THREDOT 6N 3. A7 v 7HEBEEgsp)ICODWTH, BEHZ7 =V IZAUE
FIVBLOTSKEF VDR &

g() =Alny| (3-4)
DEIITHREBENICREKT 22 L PRI N D [4-6] FFic. HEHZ7zVIAETI
DGEICE. BREADPLINN—YIViREA = /PP &5 L PHISGNTWVWS, (LK
5[5k, 2 7REDORBFERIES T2 T H2REERIWEE FIV2] L TSKEGICED
WTgx,y) & g,(x,y)DEDO—R2EIR & LT,

§0) = pizgxy) (atTarge |y) (3-5)

DPHIALT 2L EZRLTWS, RETIE. UETEREZMPNEORFHEZ,
ASOS (absolute solid-on-solidyEF NV DELFHIVOY I a L — a7 > TREE
ERCE

(3-1)

3—2 EFNBLUCEVTANMVOIalL—Tary

ASOSEFIV[7]®DG (discrete Gaussian) E5)V[8)FE DT ETIVIiZ. Bz A#E
FOOONEHEDZ 7= VB ETERT 2DDRAETINTH 5, SOSEFTIVT
. K3-UZRUELDIC, x-yH EDEAEFOR TR B A EICRFDRER R <
BAERQSNTED (bbb, NIV IHDORIBPRREDA —/N\— > THEETE
k&Eh3) . FRFRICBIBRARTOMEz(y) & > TRALRP R EN %,
BrEBE1IE TR, x, 9,208 DS 2EEBRICEEINS, ASOSETIVDET
WAV PP 3, RETANVF—DBEMCEFORBEGFORBICLEST S &
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ZZT.
H=J 3 |2z (3-6)
CHE BN, T IEAERTH D . <ipREBHERTAORTEED LT
W3, ASOSEFINDZ 7 = JEBICBA U TEMUEIICE Y FANVAEY I 2L —Y 3
VLS THARSNT B, 72V JRET, kR /T=124 THHIEPHS N T
W 3[8],

ASOSEFIVDE T A Ial—ya U TFOKIZLTI T2k LXLD
BF BB A BN =R Ty T EEoOWBHEIZERT 3-8, x- HAHIZERSE
fz(x+L, y) = z@y)y+pLlZR T F=, y-FRACEEREREHZFET. 0. y- A
MICEHBERE G TR BRBERZMGEZAVWEDIE. HBEEKOEHT KRR 2N
DHBRNZ R IaL—a P BN TCHHRINDZOTH D, AHE
REERWS ., MHEEEIE. g0)=gd -y) DEEZEODT, y = LR2EETH
Y A BRI L > CTREMEPIMEIEN S, -7, BN RIEZBVWEZRZICE
HHBERZGOBELHERTIDRERLEHAWEGEPLELR B,

ESAEERE e, OWTIE. EEBICETET AL HARETHIH. ATy 7
MBS ) EEHE T2 EDIEF. ATV TOEZEWARICL THILEDH S,
SOSEFNTRHAT v 7IZ AR REETERVWDY, BRRERL LT, B3z0M
Lzl OMOMAEES (RE) 257 v TEEHET 3[9,10) 315203 LI,
SOSEFNDIFE. B zOMEz+1DMOREITEA —NN— NV THEEPT A L
DEED = DIZERDOEDPEET %, TORABRIBIXEARE (intrinsic width) &
FiEN 2. > T, AT v 7HEEEETET 2. ASHPOKEMEZEALT—
ADRATF v 7ZTSKEFINVD LS Il (y) Tl LT NIER 52V AT Y
TOEREOLFICEEEMEDH ZH. BET B 7 =V 7RE TLATTHNE, &
BIRITZERTH 2DIx LI0PHHEEEI S g(y)idy DI & HITHBT 2D T, g()DHE
SERRIEAEVWEIRAT Y 7O EEDEFICEHIKE LRV, 22T ¥YIalb—r3
VTCTREBELUTOFETCAT Y THOMNBZRET . £T. HylkDd0T
2 +1y)—Axy)= 1 Z2WETxEHET. L. CORGFZMET HxD 1 DETRG,
ZOxEyTDAT Y TOABET 2, L. BROICBWTZORGEDPWESN D
B, ZRNOSOEWEEYyTDAT Y TOMEBELT S, L. ZOFRMZHEET 1D
BHELRVWE X, x0)Rx@-DIEELVWET 5, CORANCR>TAT Y T7DREL &
% 1l Tl T 32 Lic & D, SOSETFIICEBWNWTR T v 7HEER D EHR
SN b,
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3—3 MRLEE

SEiToEEYThVEY Iab—ya s Tk, L=200,kTJ=08LL}ke ATV
TEEp= 0.1BLV020BOEVFTHIVOY I ab—ya s TERESNEREODOR
Fw 7y ay bEX32AIRT, £, p = 0.1BLXT020KRD R T v 7HHEIEEER()
DEVTFHNVDHEEREZXI-3ICRT. sHETIE. &¥D10° MCS (Monte-Carlo
sweeps)Z T, 1X10°~3X10° MCSTDEY T HIVOEEE L o=, p= 020K

[X3-2 ASOS (absolute solid-on-solid) EFI)IVDEXFTANVDY I ab—2aildo
TERSNEREOR Ty 7 av b, (a)p=0.1, (b)p=0.2.
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I, gO)DPNEENCHEM LTS e DHRIND, HL, BHREEREMEZ AWV
TEELEDT. y = L2VTETE. g0)d v PHRDOEDICKEREE L >TW
%o g)DREENTHEM L TV ABEBICBVTREU 2RKDE=L 25, A = 438
0.08TH 250 —H. p= 01DHE. g0)DRNBINRZBNWEBHR T Z LI TER
Wo N, RQRB3H)TERINDRT v 7RILOERERy AT I 2L —
AV ALIBINSNEDTHBEEZOND, K342, p=01BL U0 20KDE
SHBERER g, (0)DE Y T HIVDHERRET T, BIMEEKIC OV TR, p = 0.1
E02DNVWTNDIFEICH, BN RBT 2HTIHEREIND, K344 D REA,
ZRDBE. p=0.1DKHA,=0.135 +0.002, p=02DKIZA =0.175 +0.003TH -
o p = 020K, A,/4)*HIFF02LRoTVB I ELS, RE-S)DEFRIHEHS
NTWaBZ ok 5,

a(y)

X3-3 ASOSEFIIICBITFZRAT v 7HHEBEKOTE TV OEELESR.
RIS RIRA2BVWDHEZIINIErE2TT.
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1.2 T T T IIVIlr T T T 17 T 1 17

1.0
0.8

=06

(o))

0.4
0.2

OO | i 1 J lLl L i L L1
10° 10! 10?2
y

X3-4 ASOSEFINIZ BT 32 EIMHBEBEKOE T HIVDEHERR.
B RIE A BVWDIHRI NI 2 RT.

X5z, ATV TEBEDNp = 0.5DBEICOVWTHELFTANVOYIaL—Y a3y
BiTol. B3-51c. EvFhANOYIal—>a il o TERINERT Y TR
Bp = 0.5DEREZERT. TOHH. T 7 RA@MPFERBIIHELI, WEDBLIBTRATY
TERtOEmESEI D, 2BLIBORE 2K > EEBENEVWHEETERIhTY
%, M3-5D &> RN, IXPTSKIHG TOEMDP I HELICR D DDH S
CEETRBRTSE, Ll TOLIRBAETYH, LTRhRRERT Y TDERZHV
hiE. 27w 7HBEEKEET 22 LD HK D, p=0.5DKRDORT v 7B
) DEIERERZX3-6ICRT o yDNIRIITIEL p = 01BLTp = 020K EER
2L ELOBFPRROTNED, KERy TIINERICHEBLTED,. #HEHRIR
ZEVIFERTHIZ DD 2. COBADHRBARZK. 1.142001TH S, £k,
B )b MEBIC R L TE D, R84, FA, = 0284 * 0.002TH > o
COBEL. A,/A)YPHIRIF0STH B DS, RES)DOBERMPHEILTNWSS
EHOERIN D, LEOHERIS, X7 v 7TEENE 2D TSK#G TO Rl R
HREBEICOVWTH, BIDERZEOEOMESHRE R T v 7EART LT,
TSKEBIZE DWW ERFROBANIERTH S LD %o

ARSI L > TRENERB-S)DOBERIEF. X7 v T7ORELELRADESE L
BESTA2DTEETH D, 22C. COBEFRELIDE-EDERZED. g0)sg
7B Y BTk, 3712, p = 0.1, 0.2B K T0.5DKDg(y) & g,()DTE T AV
DEEERP /=g ()rgy)7 0 Y PRTRT. KRERgY)TROBRERYITH LT,
Co7OY PIERICE- TWS, ZOMER. p =01, 02BLL05DOK,. ZhZ
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$99.0 £0.5,24.8 £0.3,4.00 £ 0.02TH H. RE-SDEEDEILLTNWBZ EHE-
EDERPD, el BREVWIEIC, BREERFHC L2y VB ORENE
ERy = L2 fBRIZBNTH, RCANDEFRPEIZIL TN BRI LSR5, ZOH
d. AGE-5)DERPEEHEREOUBE I BT ZERC —BORBRETHIILE2TR
BL T3,

REIC, ASOSETNICBNWTEBONAERRZEHBE 72V IA L EFILICBITS
IZN—PNVRRZBNE KT 3, R3-1UCASOSEF VB LUOEHE 7z LI 4 Y
EFNVSICBI 2REABLTA,DEZELDE, TOEDPS. ASOSEFINIZHL
THRONEFREE. WTh 2o —PIRELIDREL, FEIF v 7BEDRE
MERZ I ==Y REPSOTNDIERLUTITLL I3, MARS DT
EISKEFTNIEDWTDEY T ANDEG ERRLEKOMEEZR LTS [6]o L
Uy ASOSETIVDABLZN—HVIVREIPSOTNHREL, ZOEFTSKEFIL
TEHRELTWEBRKNRBESEEL TV DEEZ OGN, 5T, FE4 B
KA FETNVOHMICKELTE D, EVEZ 3L ROMEHZMEIZOWTD
BRPEESENTVWELEZ SN TV B,

~ ..J Z—  A1E S—
S e e

i h—q—' !
ﬁ""'-' — -‘-’ —17 ’.I_ —

4 rl.r"!'m’ 2= &7
% B ga e =
y 0

X|3-5 ASOSEFIWODELTFHANOYIal—YalilioTERINEZp=0.50D
EHEDOAF v Ty 3w b,
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14 T T R T LI e SR B |

12 [ P
p=05
10 - .
S -..__..
6 - i
4 ) 1 by i L PR B S B B
1 10 100
y

X3-6 ASOSEFNIZBIT 2 p=050BEDRT v 7HBEEKOE T ANVDEHE
TR,

23-1 free fermion model & ASOS model IZ B} % A B L UA DILE.

p
0.1 0.2 0.5
A free fermion ( 1/7°p%) 10.13 2.533 0.453
ASOS - 4.38+0.08 1.14+0.01
A, free fermion (1/ %) 0.1013 0.1013 0.1013
ASOS 0.13510.002 0.1751+0.003 0.2841+0.002
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1.5

N _
o

X3-7 g()-g(»)7’B v b. (a)p=0.1, (b= 0.2, (cp = 0.5.
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2-5 F&®

KBTI, MENRASOSTEFINIC BT 27w 7HEBEK 2T T AV ORI

XoTEE L, BEHZ7 WV IAVEFIBLUTSKET VD S OHEGHFHE & i L
=, ZOHRE. ASOSEFNIZBWT H T v 7HE BB RERT 52 L
BHSPICR- o BEICOVWTIE, BR7 2V IAVEFTNVICBT 2228
NiaEDRSThTED., ZOTHERAT Y 7EEOMME KT KEL REMEPE
B, 60, AT v 7OES XL EEORES E2BROF 24N, EFEIC
— BT RRME L TWBZ D ESEDY I ab—Ya il X>THLRIZR S 2,
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FBA4E STMICLBSIQIHYEXRFEHDO 77t v5r 4V TOBE

4—1 ##E

VUIAVEREAETE., FE2BTBRET 7y 4 VDRI BGEDH S,
FIZIE, [112)AEP[IT0)A MIC A L AIDEBE ICBWTZ 7y T 1~
TR BZEPRENTVS[12]e TDHE. (11DHEDTXTHEEDREMIC
EoTI77yT 4 U IBFEBEBINBZZ LRI >TNWS[3], ¥ AVREI
BOWTTI 7T 4L IBRIZE S —DDFIN, 33214 R332/ M s
LEABYWBETH 5. A)HEICBITE7 7ty T 4 7k, Mochried 7 )V —
THIT o EXBBELOERIC K > THL PITR -2 [34]e (11DHDIHS & Rk
Rld. 77y T4 UUBPABEOXREEEKE ZBERLTEST. ATy
TR EEE < EREMOSI HMHEERIC Lo TBIESRBIINTWEETH %,
27y TRIZBI DB S FHRBRRTH BT LS. SiQ1I)RAD R T v 7DE
BT HEERIICH IR SRS LT\ B[5,6] BT, Shenoy H[7]IXSi(113)RE D 7 7
T4 VT RE2ETHRREMESMEASE LTTRRL. X7 v THOKEE
OB AR EER E MR R K EEROBRAICL > TR 291 XDE
BRBRATVINFROHEBEBHESEARLUEFLWHEmZREE L. SongbD
ERERZRLHBEH LTV, BEDE 23, 27 v 7RO HMHEER DR
BFEBS TRV, Songb DEBRBERPBHINDZZ LS. ATV 7THOD
SITMEEROGEE—RNIZRD SN TS,

AETIE. HREPS RE HNZAAMICHEA L ESIQR)MBERICBT 277
Yty T4 T EBEBIY T 7y T4 U TDIAF I I X ESTMZE W TN
%, SIMZAWCKRHDOERZERBR TS5 L THLNS X hEFMRERIC
EOWT, SIABYEHED 7 7y T 4 VT OB DWW TERT 5.

4—2 Si(113)FKMH

) 3 RBEICE. (C0)ESLA1)HEOERZEIERHE Tk, BEREOD
Bz b WL OO REICEET 2HEDPH 5 Z DR SN TV B8], Gibsond [,
[110) 5 N R U 7= SikHE 2 B2 T 7 =—)V LK. (001), (111), (110)HEIZ
MATCAED 7 7y bdBIRINEZ LS. 113)H S EKIEHRERK, 2
I RERBTH B LB AMEINB LS TR > RIETIE. (113)HEIK LEADT
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TIEI X vIVRROIHES TN TE H[10]. M TERRIGH S
BT h 3, AB3)AE. O0)ED»525.2°, A1DE D 529.5ENTHH. /)L
7 DRE T iR U ROSi(113)REA K. K4-1IZR Uz LS IZ00)ERRRTF &
MDRERFPREICHRT 2HBE 2R D, Si(113)EMmiZ. F700°CLLE T
R 1 X 1"HEE, 700°CH 5500°CORITII3X 148, S00°CLATF T3 X 2485
2EDIEDHSNTVB[11-15], Th S DEFEMEDET )IVIZ., STMEER
[16-18]PHE W E[1920[FIC L > TR HEIN TV BN, BEDL I 35%L
CIEMHI N TWRN, FRBTIE. 3X2EENBIRXETH D, SIMTERET
% L% DIGE3IXUBE THRI N ERFEHIEEIN B[16,17], M4-212, =R
TRO5NESI(113)-3 X2)RHEDSTMBE Z R T, OIS, STMEIZ BN TH
ROHMERETZEDICAND I EHTE S, K4-312, SiI3)FLICBYT 2
faaa A ZE TR T, Si113)REDOEEX[B32]HANCE L THHTH 2. —HBIC,

PR IE D F5 AL ISR & F W CE QMR T 3 A1l 0L E OMRA g & - TIEE
Th3 (K2-388) . UTO#RTIE. RONFMEDEN[332]451%6 = 0°0D
FHmEed 3,

@ (001) like
& (111) like

h=0.163 nm
0=252°

X4-1 Va2 EROMEX.



X4-2  Si(113)-(3X2)RMEDSTME. HE/X1 7 : (a)2.0V, (b)-2.0 V.

[031]

[110] [113] [A10]

X4-3 (113)H EOfEERITAL.
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4-3 ZER&

ARFETHNZHRHE, 0=57 OHAICH=1.7" EHL Zn-BISi(113) )\
THdo TORAMBE. Mochrie 5 HBFREFHE (0=0° ICHA L AMNE) 21
NTHR G HPEREPSZELINANTED, ZERRO MFESEL 25T
W3 ([X4-3),

KERTIE, TROBEEZESRR b2 X)VHEMS (UHV-STM ; HAZE 75 :
JSTM-4610) ZRWo K RXFADBEEZF v o N—iF. BBz, 7
FHLHZE, GERED3IEMRICR->TVS, BEEEDIZEEZTEL., 20X
10° PaTH D, EFRANRKRAZ RINEICE>THRIET B L HTEETH 5.
KYRAT LAOBBERZEICE. BRET CTORERIIEERERSTM. EEETFE
[E#r (RHEED) ¥ BB L VEEREFHEME (SEM) BEREIh TN,
SEMIZSTMDEES DIRRE DFERE. BLUHABEH L COSTMEBIRMNBRZHE T
5DIZAHNW 3,

STMEEHDY ) aVEBE, HROY VI vy — (EHE : 1~10Q
cm, BE :0.3~0.4mm) »5EME (§ : Imm~2mm, X :7mm) )b B
LizdDZRW5, Aoz, HHUBEEE L BBRENICBVTES
W EKO2TITI LD TE S, BERNRY Y IV HBDES. 3ADEFHT1200°C
FRELTMEATZZEPHEZ, RROBERREICE. BEHEESI2H V=,

AR, 72 M T OMBEES RS LEDL, BEEZF v —
WANEBAT 2, fifROY ) Iz N—0ERER. BEEHARCETREXN
TWBDT, BREEZEHTIZ S v It > TBbEZBRET R TYY
JVOEFREER DL TED, FETVF L TICX > TBRILEERRET
L. BRHDONMYNC L > CREPEREINZDT, EHROERTIHLFEL v
FrTEITORV. V) AVEHRAZREOOFBEILUTOEY TH %,
1) #500°CREET 1 2RI 2ME L. BTN FBLORBORBH X %2
Do TOR, HZEEIX1.0X10° PaLI FIZHED L3129 %, 2) 1.0 X 107 Pa )
TOEZEEZRLRPS512000CTERIFE 7o vy > 72175,

SHIOERTIE. LEdo7ovRick->TEONEY ) IV ESERIC =—
DO TBZRBLUTHS, ERIETCAB UTCSTMERZT- o EQJHCD,U?%
MABREVIZ2ZLICL-2TITD. COHETERINS APOBHHE T
£ Z200°C/sTdH %o STMERE 21T ROBIERM L. HABIINA PR E—-20 V
~2.0V, FURIVEFHIL03 nATH %,
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4-4 RBERLEE
4—-4—-1 REMROEREMKEFN

X 4-4i. Si(113)8AK 2 1000°CT7 =— )V L =KD RE DSTME (current
image) ZRT . XX, BEFAF Y7 (BX0.163 nm ) . 2 RFERT v
7. 3RFEBRT v IhoEEEIN S, BARE., 77X L& ARLEZSTME
(topographic image) T&H bH. BX2)EEHEIHR TINS5, XTHRLERKEHOD
Hiak, TOERXYEEL DHER LD TH B, EHRRRAT v 7D HALIE
HAREOMERSEICH UTBETH 5. ZOSTMETR. FEHHRIT v 70

FRIA[110)A > 535° BETNTWE I L BDH» 5,

X4-4 1000°CT7=—)V L=EHDOSTME. FHEARIET 7 AHHDHILK.
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B ERL REBE TP IV U EESTMEIR 217> C. ZERROEBEKE
MR, K4-5(a)ic. 3B 2900°CT527=—IV L EBOEEHOHE F%
e . K4-50)-(e)ic. F£2900°CTIRRUL7P=—V LER, Zh2
Nn725°C. 700°C. 690°CH L T650°CT10R 7 =—)V LEKOXE O T & T
T, @i Tl BRFEXT Y 7Y G LERAPEZETHILELDS
N3P, FRIORBRTEIDOLI REHRFERIh AP o=, X4-5()&[X4-5
OZEBEINESDP B LD, 720°CUET7 ==V U EBOERR OFRIZIF
EALRIUT, EARBRFEBAT YT, 2BEFEBAFTY 7, 3RFEBRAFTvY
Th oINS, Chid. AHOBHIEENSEBTCOLERER2HETE3
FEBRLIRWED., BEBRBIZBWTT20°CHIEIZ BT 2 LEIRREE~IEF U =
EHEEZEND, 720°0C~690°COELATT ——)V LR, 3HFBEULOE
SORT Y 7HHE L. ET 5 REHEMT S (K4-5(c), (d) -« TDEE, F
B)7 5 AMBIESTRIBE 7 =— VT3 llIL. ZOR7-—VE2HERELTY
KHERDPELLBRNWZ 26, K4-5(c), (IR LU ERERRIZEATHEER
BICELTWVWR3HDEELILNS, 690°CUTTP7=—)V LEEE (X4-5
©)  77evTFa BRI, Po— VoML HIZ, RF v TN
F TN T S REH100nm LA EIZ FTEMUST %, U EOXRERROZE
EDTHNTH B &, RUCOBEHERBTEIRENMIFEALEISRN L
P56 7T20CLFTC7 =)V L ERICHA S 2 REAERIIAFLERED L
BT ERRENDENBE CORRTHZ LEZIS5ND, T20°CUTT7=—)b
LERIECTSABEOEMDPRONZZ RS, 77y T 1 U TiREXT20°C
HETH BRI ND, KRERTEHAHNZEECL > TMALTHBDT,
BEORHERANDEEZEZELRITNERS VWD, ChiZO2WTIRETE
Y o

4—4—-2 77kvsg4 TEE

O=5TDWRAEDT7 7 v T 4 TREDPKT20°CTH 5 2 L D535 =D
ChiEe=0DBHED7 7Ly 1 »7EE (#8900°C) [31EHRTELLE
Wo AHITHE. COEBEREDHEIZDWVWTERT 5,

(113)RHEIZ700°CHHE T 3XEED S MIKF R X 1"BE~N IR T 3
CEBHISENT WD, SIII)RETIX. COBEHER OEBEEMU EITBN
THI7 7w T4V ITHRELILDPS. ABHRAEDT7 7y T4V JXER
BN FBERLTELT. X7 v 7HOSIANRMEEERIC L > T &S
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X4-5 B2 RBE TP =—)V U KROREDSTME(1300nm X 1300nm). (2)900
°C, (0)725°C, (c)700°C, (d)690°C, (e)650°C.
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Th3LEZ5NTVW3B[3]e BEDL ZA, X7 v 7EOSI HKHEEER DY
HE)REFIZE 52X N TOW RV, Baskib [B]DRLAET Y I VEIEKE
DRFHRESTMETIX. X7 v 7 THRLY2RBETOHRESNDPEEINTEY., 2
S UERT v 785 TCOBRESDPEEM CHERT 2 X7y 75 HMEER &
LTI C e DRI N 3, 4610, [332]5F (0= 0°) IhERY LI=Si(113)%
&, 0 =5STORBICHEN UERBEODRF v 73N F (step bunch) DFREF5HE
STMBZRT. 0= 0CCOAEICHEN LAEREOHE (K4-6(a) « A7 v TN
FOETEA14)7 7Y FPEBRINTED., 2X1BERVEEIN D, &
DFEITIE. Si114)-CXDHERHEDR EMEPINERED R 7 v 7 BN E < M EhH
OHEEHE LTOREIZREZLTVWEEEZSND, —H. 6 = STOHFIC
R UAEREORT v 7N FO#ER. -0 OFRAICHEBLEZREDZT v
TN FOBELEIRELERD, 1147 7Ly POBREFL )V TEER
BEEERIh R RTYITINUFIF, BEFRAT VTR 2RTFEBIAT v
TDESBRETDEVWRT Y TREERINTED, BRFLNIVES 7 ikiE
DBRONS, =, EHHRIF v 7O AAPERM» S KELBNTWED
T ATV TR VTP ITEEZ L >TWS. IB)EDPSBISERAT Y TN F
DOERAE. 7~18TH D, (11HHE L) ADHDAES.T L DIEEPICKE
Wo Ty HA-6ICPBNWTRBFETRHRLEL DI, 2RFEBATy7E LEL
FEHVWT Y VR > HEL LTBEREI NS, COBRK. 2HFERAFYIT
FRFOMAPZIDBEID, FLOWRERBEEZEE LTSI LETRKELT
Woo CO2RFBRT v 7OREME. A7 v 7S A8 RMEEER D E
—DDOYENERTHDLEZIONS,
B2BEIIPVWCERLELDIC, " HRICRXFT v 7P H LERELD B, X
TYTDPEESEADBERAEHHT AN I —DPTRIBEIC77evT 0
DRI S, RRTIE. X7y THEOSIAEEERADEDIZ. AT v THEE >
TWEADPREEHIZIANTF—DB TIP3, BEFLPZE, =2 bobE—iti
He 227y Z7HDORELDPELSRD, 77y Ta VT RBEMLICRZEX
T 7TEORBHB AT v 7HROBI T bbb, 77k vFra v r3EEh
Vo COFEMmMICEDITIE. oML e dIc 77y T4V TBRENPTFHFZY
HEEL LTUTOZ2O8RE8EZ 5N 5,

(1) 6niMmE L IR T v 7RO IR EERDIRD T %,

(2) 6nEME L HITRT v TRORFEHADBEMT 3,
X4-6DSTME DR 63 B L DIZ, 6 = STOREDRAT v 7N FOMEIE. 6
=0° OREDRAT Y IN FOBELLRTRTFHICS 7 THD, A7 v 7/
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DEFAEEERIC L 2 TANVE—DRESNE L BTV BT L DFEIN,
(1) OMEETRL LTV, (2) OMBICEL T, [T UL
(0 = 90° ) ILBNT. FEBCHRVAT Y TRORRENDEET B2 LHHS
PR > TV B[22]0

X4-6 AT 7N FORTFAESTME.
WAREOMER A E : ) =0°,(0)0 =57.
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4—4-3 FIRBO7=—)VRRIKREN

77y T 4 T OBRT. RAPRKIREEEHIZEDLSITELT 2D
ZHODPICT 2D, 72—V ZE Z TRERREZE ELEERICONWT
B, X4-712650°CICBVWTHRL R 7 Z— VBRI LU TB O ERED
STM%% (REZSRH : 1.3um X 1.3um, current image) 279, (113)7 5 XDV A
AW ATV TN FUTEBEVRPLERLTOL I BaD 3, BHEFR
DRERNRZELEE2ERLT 220, RABREFB ST 28THI2EHFTIX
BEL ZSTMB X DRI L= X4-812, 7=—I)VIRI L FEHF S5 B OERE T
To M TOY MIBNT, FHF S ABHPERLICE>TVWEI RS,
Y55 BT = —)VERE o LT,

L@ = (4-1)
DIRICAREZRNUZE > TEHMLTWB 2 DBabh 3, BROBEEHISRT—1)
THE#BoERD B L., 7 =—)VEE H600°COK0.151+0.02. 650°COK0.16 +
001 CHo o

ERTHELNEERIZ/6ICEL. 6 = 0° OEEIZ DUV TMochrie b H318 =18
BER—T 5[23,24]c M4-6I2RL=LDI0=0° DEHELO = 57° OEH
TEIZORIEY IRAT v TOBETIRELBERBED, 7rkwvsra v
DILFIVRAEEUCAA=ZXLTHBAINZ LEZ 5N 3, SongdZEske
= V6THREBOT SN —) L VHIZHATEIETNVEZRELTVS
[24]c SongsDEFNICL B L. ATV TORKRIES EICX > THET R X
TYVTLEEL. BETA2RTv 7 ERTIEIETCT7 7 YT 4 2 T BT
TEELEZ TS, Songbld. ATV TAF A TRADBRAT Y INUFIIEE
NBERATYT7TORIZHEIT B8, RURAT Y T7OBEEDPRAT v NV FIC
ZENDRAT Y TOBIIREFI T2 2 RELTC, 8¢ = /6B HL T
20 CCTHRNULEZZ7RYTF AU ITDFAF IV RIZET BETIVDOZ Y
EOWTIEERKICEHACHLS ISR TRV, HEDEZ 3¢ = 1/60
A=V 7B T IE—DET N TH B, £/ COEFNVIIBIFBX
FYTRATA 7RAZETAREICOVWTIE. B5BICBNVTHRIEXN 2,
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47 BRRB7=—)VREICN T 3 REDSTME.
7= —)VRE : 650°C, 7=—)VK : (2)lmin, (b)4min, (c)8min, (d)32min.
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70 |

10’ I 102 103 . ”““1IO4
Annealing Time (s)

Average Terrace Width (nm)

X4-8 YT S RO 7 = — )V IRk EM: .

i

4—-4—-4 BEDHE

GEIOKERTIE. HRCERERZHR LTNALTWE DT, BEOEAEE
KNDEEZRANTBILEDND B, FIZESIUDEER Tt BEORET
RE LD ) 3 VIRERFOLBDPEESMIZRD, ZOBRLLTIAFY T
NoF U UBFERBENDZIEDPHOSNTNWB[25], £, (113)EEEG 5 12)FD
DG DEREIZ BT b, 850°CHETCRARRANDBEDLENH B L
PREINTVB[26], >T. BENROLBOAREEFARTHE LI LR,
77T AV TDOYBIA N A LB EHRTEIZITEETH B, 22T
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Fo—)VTAROBEESMEBIC UTERRITV. 7 5 XEET =)V
RO L UTHIE U z. X491, EBHOM & H[332)B L V3325 DK D,
EHF 5 ARE T = —NVREOBRTH . ERAAZREIETH, REF
WOEIZEBEREVWERONRWI L BaD S, -7, FHEBERINZEX
BEROZ(LIZ. FLALREORERSTT. ANRFHRICL>TREI T
WaEiEwRIN D, Ko T, SRIOERTHEINZSTME K, FEIRED L
I EEREEANDIEFBRRICH DETOIEREZRLTWS @D 5N 5,

—h
o
o

o O
o O
T T

(2]
o
T

(8]
o

10 102 - 108 104
Annealing Time (s)

Average Terrace Width (nm)
~
(@)

M4-9 BEAMEBIC UEBOLEYT S AL 7 = —)VREIOEER.
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4-5 FL®

AETIE, MFHEDERNO= STDHEIC¢ = 1.7°MR U = Si(L13)8RE Iz 31T
277V TAVITEEDITAFITIBSTMIZ L >THRRE SEDOERT
BASDPICR> =S IFUTDED TH 3,

(1) 6= 577 OWHBAEICBVNTE 77T 4 L IVDEIZH, Z77E vy
TAVITRERIBLZETCTHD, 6=-0CDHELIERTEL KW,

(2) 6 = COWBHEHDHE. A7 v 7N FOWAMIZUDED T 7 v b
DIEHEINDD, 0= STOMBEDZT v 7NN FORESIEFL TS 7
THhb, A

(3) MochrieD Z)V—7H 6 = COWRETH/ERERLE—BLT, 77ty
T4 T OBETIE TS AMENE 7 = — VBRI U Tl oo MDREIc X
HNZHE> THEM T 5, MBHEOER AR OMKEL TRFLRIVTORF v T
DOEERIRESELTEN, 772 vF 4 o 7D¥ 4+ 3 7 RIEFE Ul e
BHEh %,

(4) REERE. ARl INEZ AV HAREROELERZZITTEST., 77
TYyTF 4 U TRBNICFEEINh TV S,
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BOEE SIIIHEXEHICBITFAIXFy 70EL X

5—1 s

RABTHRELDIZ, SIQB)YEBE TR T v 7RI < EEEREDB| HE 24

HERZX>TI77kv T4 VBT E, 778y F 4 Y RELTTR. 20
FKEEDZXT v 7IEHE (bunch) ZER LD SEBHL TWBDT, ALXOHEFXR
TYTDORBZHNLDORT Y TOEFE UTOIRZBVWHIEEL 25, Songd[l]
. ERTHEINTWE7 7Ry 5 1 0 VBRIBI 2EHNFSABO7=—)
RREMREME[1-312. AT Y TRT 4 ZRADBRT W TIN F (step bunch) ICZF N 3
BEFIXT v 708 (L. N FHU AL X LER) ICHHIT 2L, BLUZRF Y
TOBEEADPN L F A RCREBIT 22 L 2IRELTHBLTWS, -7,
AT Y I FORNFEMEIE, FEREBICBU R2REERET TR, 778y
TAVIDIAFIVAEERTZIATHEREERD, IhE T, BEEELO
BRF 27y T7OZEFI DWW TIIERRE - ERREICE AL TV B D[S ZF v
TN F 2R UEROEFHICOVWTIRIFE ACHSPITINTORN, Si(113)
RHIE, RTFv T VFOEME L TORNENMBERZ AL S ZTHELERTH
5LEZB. AETIE. STMZAWT, Si(113)FH\ LIcHELTW ALY A4 X
DAT VTN FIDWTCAT Y Z7HEBEEERE L. RFTYTRTF 4 7RADN
YFYA KT DWTER U %o LRI, STM[6]. REM[7]% ('\LEEM[8]D 5 — %
POBRRFIXTVTDRATY TRT 4 7R ADPREEINTEH., 22Tcrohs e
FRICHEEZRWTCSIMELD AT Y 7 A5 4 7R ADBERITI T ATV
DB LR EEAZZR LUETSK (terrace-stepkink) EFIIZESWTAF v T
AT AL TRADINF YA ZREHIZ OV TER L, EREROEM N RERE SR
H 5o

[

5—2 FEBR

KERTIE. BAETBRAREZHDO LB Un-BSI113)Y = N—2 50 H LA
Hwizo BA4BTRUEFBICL > CHESREEZ282%. RHE2BEMHAICL-T
710°CTI0 7= —)b U, ERETRH LU THOSSTMERZTo =, STMElER
DFBNA 7 R1F2.0V, b U RIVERIZ0IATH %, X7 v 7HEEBOEIEIC I
600 nm X 600nmDSTM& &\ /=o FIEROHERD K1) 7 NI X7 v 7HEBEED
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RBECRETSD, SRORRTIIAEROEEAME RT v FIZEFICRE LS
LT RUT7 FOEEER/NMIUE,

5—-3 REMR

5—3—-1 RFv7olsE

X5-1i&. 710°CT103M 7 =—)V L2, ZRFE TREHLTES NESi(113)EFH
DSTM# (360 nm X 360 nm) TdH 2, EEHICHBERFEIPSABEFEDOEINDI

TYTDBHEL TS, COXREERIE. B4BTRARE L SI12710°CIc Bl 2 L
REZRBLTWELEEZOHND,

X|5-1 710°CT103 7 = —)V U 7= R DR E D STM#E (360nm X 360nm).
s: single step, d: double step, t: triple step, q: quadruple step.
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1~4BEFBRAT v 7OEHRSTME 2XS-2ICRT. 77X LTk (3x2) F
BR[O, 10]D BRI N, ThICL > THBPNANERRE TSI LHFTE D, PHHR
25w TOHMPERENAMAPERELTHTNEED, BREFIT v 7 (X5-2
@) & 2RFBAT v 7 (K5-2(b)) i&. [T10]5HB L WO3HFRENICH > AT v
THRORBY TV TLREEIR> TN, FIC2RFRBRAT v 7iE. K522 5
hak3ic, LELESRWT v O BEBRLTEDY. 2RFEAT YT TEAT YT
BATEFOBRBEINME D RERBERZ L>TW 2 DEHAEN D, —F. 3
BETE (X5-2(c) BLUARFBRAT v 7 (K5-2(d)) Tk BRFRATvT7H2
BEEEBAT Y TIAHBUTEDRT Y INFOBERICIFFEFLRIVTS 7B
EHPEREIN D,

Xs-2 T v 7O EAESTME(320m X 16nm).
(a)single step, (b)double step, (c)triple step, (d)quadruple step.
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5—3—2 AFVTAT A T7FADINYF YA XIKEM

F9. SIMERIZBI Z2AT v 7ORSEEESEILT 2. SIMELD AT v
DR ZEHET 2, ATV TINUFOBE. ATV TR T 7ABIKELELEE
ROEEFEOH, ZOEHNT 7 ABIERTHAI/ME ThIE HitkTs e
EoTRATF IR FH—RKOBOBKIES Z DB TE B, > T NBOXT v
TNV F T B EE FBLURT 4 73 R By BEATHIE, 5 2E TR~
FHEEFBRAT v 7ORS EICHET 5 EmIEBEBICAT v I Fii LTkt
TEZEHHEEKSE, 22T, STMBL W BEONERT v TORRIIDODNT, ATV
THEBRICES M E Ry, TNEBERASE-BICL>T—RKORATYTD
Fek % —~MEAEx ()& LCHIE L. AT v 7B

g0) =< [x(0)-x0) I’ > (5-1)

ZHELE, B—XF v Z7IZOWTCOEGFHZEHT 572 HIC. STMEIZ BV T650
nmbd FOEICE ST, BiETART v 7EERPAEERE T, L THESVLTL
BLAREBRAT Y TOREBTONEE Uk, Ks5-3I2, BEFEDPS4RFIBER
5w 75 UCSTMED 5 U AR T v 7HEBRERE R . X5-31Tm U g@)ids
ZFNZENS~DRADRAT Yy ZICH U TCHEE LN RT—F 2 EHYLTRLONEDD
TH 3. NERyTIE. FEREDODE—ZF v 7ICBWTHIRI N 2R 2-3208kR %
FNE—BLUT, BEDIHBIBER o)y ICHFIL TNWEZ LR SIN D, g
DM E, TRbBRAT—NVENEES ERG 2RDEL I A, 07=0.15+0.01nm-
. 0% =0.100 £ 0.005 nm, o = 0.052  0.001 nm. o3 =0.040 % 0.005 nm TH > fzo &
5 Fig o? = 0.15 nm BLUFEHFT Z AR = 35 mEBHNT, KE-34)TERIND
27w TR OEROEENHEY 2 B Lk 28Ry, 2 XKD 35 L. F2umTH >
7o FEO T H5-3I2 BV Tgly) Ly DHFIBRDPHER I N 2 EBIZEZRERH LD &+
HINEL, gO)DEDZBEVFIFLA LR T Y TR LOEHEROEEZZTTVIRNE
EZEND, B2EIBVWTHBARELIZ, g0)dyPRELRBZ LTy TRALD
BIROEZEZL VIES EPMEII NN ICHRT 2 TR ZD, FHEHOD
HETRYDPKRERLEIATDgY)DIRZBVWERANRS Z LMk RDP 2. T
X532 BNWT. BRFRAT Y T7OHHEZRNT g0) =0 ZRSRVDE, AT v 7
N FHERDBEZE>TVWEEOTHE EEZONS, LPL. AT VINUF
DIRICERT 2 HHEDES &, gy)DRT— U TICEEE LRV,
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B 0 _

8l ]
e °r ]
£ [ )
S 4 ]
o [ 1
[ ]

2 -
Oty b b b b
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y (nm)

X5-3 STM& D SHEIE LT v 7HEIBE.
(O) single step, ((J) double step, (<) triple step, (A) quadruple step.

EEHTIOCTOEERBEICH D EMELT. N F VA ANDRAT Y TN FIZ
WEBRFYTRAT A TR APy

~ kT
Bn= ?‘sz (5-2)

ERDBE. P = 5TmeV/A. B, = 85 meV/R, B = 163 meV/A, f, = 220 meV/
ArIfixh 2, M54k, A7 47X RABATYT7ORERIOEKLELTTOY bL
EEDTHBH. 2EFBAT Y TERVWTCAT Y TRT 4 73R Byld/N Y FHA
ANIZHFILTWBZ Do 5,
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XS54 RATWTRAT AL ITRRALAT Vv 7OEIDER.
AT T7TOERIF. BEFRATY 7OEX163A 2B LTS,
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5—4 TSKEFINIZLDER

EEHETH. ERTCHBONERT VT RT 4 ZRADN Y FH A4 IREEIIDODNT
TSKEFNZHWTEMRIRERETY. 22Tk, SiQ3)RALORT v 7Ot
BE2ERET 20, GEHETEHL Ty 7RO MMM EEAE2ER TSI LICT
% (X5-5) o BFEHEDa LaDETFLTNKDRT v T ERDZRDNIIN b=
72 e LT,

N L N-11L
H=% 3 elnl(y)l -2 X € Diohxis 10) (5-3)

i=ly=1 i=ly=1

BEZ D, 22T x)R-BEEDRAFT v TORAR, edF 7T — [nO)| &
¥V IDOEE (n=[x0)- xo+D)a ) e XAT v ZHEOBIHHEEM, s nxy
H—DFIY T b, & 1IHIE, —BIIRTSKE FIIVTHERbLN 5F 7 DRI X
ZTRINE—DEMERDLT . $2HEIZ. EEMOSIAHNRIT Y THHEEEMNZ
E£bTHETH D, BIHHEEERAR2ERKORT Yy 7HER->ZR (TRb5, x(p) -
x,,(0)=0) ICDOAE <, |

step

kink
] l step collision \ =3

terrace

Xs5-5 RF7 v 7RAOEEMOSFIAHEIEA %% B U ETSKE 7 )V ORI
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NADRT v 7ORF L LTORES E2EMT 50T, BIZBIINRKDRT v
7 OFEILE

xy) = § x(y)/N (5-4)
&%250:@ﬁf?ﬁ@X?v7%@®2?47%zu\Mhmm

bN=af<[§ n;/N)*>=a <n’> (5-5)
zZRWT, -

By = a KT/ bY(T) (5-6)

THEZoN %, T>0DBRE2EZ 2L, NAORXF v 78EFIZ. BIMMEEHDE
OEEIZEERLT, FUTVZRNVF—Ne2FEOR—-IAF v 7L UTRS3ES, ¥
DIANF—DBeDRATYTDRATYVTRAT 4 7R RER(2-39)TEZ5NBDT,
Byl&. T—0T,

, Ne
By = 2—kT sinh? S (5-7)

&&D\A/%ﬁ4XNLEMbEM —F. ERicRdE. RAFvTNNFEFN
2B ZATRITIED, BlIEPF LI T RIVF—Ne2FOHE—-AF v 7L ART
LETERV, HROWBRETIE. MADORXT v 7ORSEPMIICRBEDT, K(5-
5)TEHZI N Adiffusivity i

bi(T)=a3<n2> /N (5-8)
Y. fEoT. BEMETIE. X714 7R R Byl
By =N, (5-9)

e, AT 4 7R RENF YA ANIZHFIT 2,

AGENDERTOIRZFEND SKXG-YDERTOIRZIBVNADE D EDD 2L
{RZ2ED, BABRBETICBIBRT 4 7R By 2ELF AV OEEIC L 5Tk
Dlzo NTA—FIX, E2TOEHEIIBWVWTCe= L CONTA-YDHEE. B
K ZkT/e=115TRT Y IN L FRERIFBET 52 P> THED, ZORER
TEZ77EyT 4 0 JRECHETZ2HDEEZ NS, K5-6ICELFAHNVOY I
L= 3 iZioTR/ONEN =3DRTFYINFDRAF Y7L ay bBRT, &
BOLEREHIZRAFT Y TN FOREPEATNBEZ PGP, KS-TIZ. Bl
BEICBIF BN = 1~4DRF W TNV FDRT 4 7R APy DEHEMRETT, [5-7
HMERFEHTOGERREZTRLUTHED. MPORBIRG- D SHELES TH
%o BED LR LRI By MERBIRETORG-DRIEED & Th T L 2 LB h
%, B5-7(0)ET7 7T 4 ¥ VIRE (kT/e=1.15) (3 TD By DEFERKRERLTH
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b, 77t wF4q v FREEETRIZEERMER COXG)DKEUDHER S N S
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(@ 1500 . .
OKT/c=05
O KT/c=06
. 1000
¥>
©
mx
12 500
0 &
1 2 3 4
(b) 2.5 T T P
2.0 =
Kk 15
< o
3 1.0 O KT/e=1.10
COKT/le=1.12
0.5 OKlje=1.15
A kT/S: 1.20
00 | | |
0 1 2 3 4

X5-7 EFANVOEHBIZL>THEONERAT VY TRAT 4 7 2 ADONIKEM.
@EKRTOIRZEWN, O)7 7ty T 1 Vv JBERETORSE.
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CORRNPS, BLZ=c |l RBERAT VTNV FPEZICHRTELIICRD,
AF VTNV FIZEENZMADRAT v 7ORES EOMBAPNSIL R, ATV T
AT 4L ITRAINYF YA RICHBITEL S RZEEZIOND, ERER (Ks-
DE7 7y T4V TRBERETHBTIOCICBVTHESNEBDTHD, £kl K
52025 v TOEMESTMED & EBEIZAT v TNV FORRBPEI>TNWEZ &
DHERXNZ, . K5-4IZBWT NR2DRFYINVFDRT 4 72 ADED
BB EIcE->THWRN, Zhik, K520)DOSTME»Sbr L5110, 2RFEXR
F v ITIERAT v TEOEE DR, AT v TORRPIFLALHREIN WD
THDIEEZ ONB, LLEDEDIS, TSKEFNWIZEIWEERIC L > T, ERE
BHEMRICHEBHKS B D 5,

5—5 F&®

KBTI, SIQAERA LD, 77y T 1 Y TREEETH 5710°CICBVTHE
TRHEFBHIS ABEFBDORT v 7IZDOWT, STMEDR S X5 v 748 BIRECE I
FL ATV TRAT 4 7RADIN F YA XREHE 2Rz, EREREID. AT Y
T2F 4 TRADPREEN Y TP XZHFLTWBZ B oz &l AT Y
TGOS N EERZ2E R UETSKETNVICEDINWT, AT v 7RF 4
TRADNY F YA XIKEHIZDOVWTER L, COFEMmICL>T. BRIZE ST
BONERT Y TAT A4 7R RAENF Y A4 XOHHFIBRICE. AT v TN FH
HEN MR L THLBEA LTV B EHPEAENRERHERELTVWS Z DL D
o l. A REBEILBIIAATYIAFAIRXAZEVTANBEAEIZL ST
Kep7zL T B, kIHRTy THEOSIHKMEER L ARECRS 772y T 4 27
HEMET. ATV IRV FIZEENZ/LDORT v 7OES EOMEBEH 41T/
X, RFVTRT A4 ZFRAFN Y F U4 XZFERFITE Dok
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BFOE SiIBHEHICBITEZRXRTYTZOF L VTR ) F—

6—1

i
il

BRFRATFvT7ORELEF, RFLNIVTRZE, A5 FICBIF23F 2270
FEICERT %, > T. ATV TENPAT YV TRAT 4 7R AEDOHSIZE
. I8y VRYHETHEF L /A NF—IC LTINS,
BABTHERMLELDWE, FUONINPZP U OEKKBREZIRATY 7R 5 4
7 FADEBREME CRAMICKELEETIOT, FU 7NN =P L%
ERAICHET B LIFEETH 2.

FUOETICHEERADRINE, ¥ 70EZOSMmITEMICRLY
DARICHKED DT, RS |n|OF L 7 E2MERTE2OICETZERNVF—RERET

P
P( (g)) = 2exp (—E( )/ kT) 6-1)

TEHEZoN3([1]e K> T, BT HEBEEDHLZSTMEDSX LV VDEXDHFEP
MZBETNE. FUININWPZFUE@CETIEREZBZZLDNTE S,
ZDEARB & UT. Swartzentruber 5[1,2]ixSi(00NRBEIZBIF 3 F > 7 OEXD
DHESTMEDP SBIEL. FUININMZFUVERBREL TV S,
ARETIE. STMEDREHENRIC L > TSIADRED 2R FBRXF v 7DF >
DN M7 U 2T 5. NE-1)TRABINZ5HAPMIE. EHHRAT v
TOHMDEREE —BTEEE. ThRb50=0 DHEAECELNELDOTH
D ATV TDHAOBENT BL. —RICHAPETELT 3. SHEIERICH
WEERODOHEE, RELORT vy 7OEYAMNIERE, 5 KX THhTWnE
o, XE-DEZOEFHEATEZ LK RV, 22T, EREEZFENT
5202, K6-1ZR UK RIEBDOAFMDAT Y 7IZHT 2% VORED
SRANEEET 5. FUININW NP U E@DERKRIE2{RE LT HA6-
DATY TWENTE0MPR)EERE L. ERTHESNESHAPR)ELERTSEC
LT SIQYRALDRAF Y 7DF 2 IV b =7 > DBEKHI RIS
DWTHEET %, £ ERTIFHINAEZFOININ 27U ORICE SN
T ATV TRIIPRATVTRAT 4 7R ADBRFEICIOVWTHERT 3,
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2.,

average step orientation

6

n step configuration

x(y)

X6-1 TSKEFNIZBIT BHEAODRT v 7,

6—-2 X

BRI, BAEBLUVESBEBOERTHWEDDEELCY YOV YD S
Wb L7, FAETRREFETY) 2VESERA2EEE. KR % 720°C
TIOE7=—)V L, BERFTEHRUTHPESIMERRIT o0 BAE TN
LI, TORBREINBZSTMEE., 720°CAEDHAFEREICBT 38H
BETHILEZIOND, SIMEDPOLX L VORIDAGZAIETREH. B
BROEBFHMZ130nm X 130 nm & U TEIFEDSTME ZE /=,

6 -3 REBR&ER

X6-2iC 3kl £ 720°CT100 R 7 = —)V L =R ORXREDSTME (250 nm X 250
m) Z7RT. BABTHERELSIC, RACKERFRT v T, 2BFEIXFT v
7. SRFBRT Y THHEELTWS, FENICZT v 7 DE 2 FAI DS S
LORELIANTNWBDT, PI/IVIBEERRFORAT Y THPEREINS,
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6-2 720°CT 7 =—)V L EREDREDSTME(250nm X 250nm).
s: single step, ¢: double step, t: triple step.

6-3 2JRFBRT v 7 OEESTME (S0nm X 50nm).
Ry MI3x2BEDOFAL 2R T .
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X6-3lk. 2R FEBRT v 7ORFAMSTMETH %5, 77X LIZiF (3X
2) W3 APBIEING, STMBLIZ/RLE Ry M. (3X2) BiEOEH
ZRDOLUT\WS, SIMEGOERD Ky MRS ThTVWBEEIE. (3X%2) #E
DAAEDTH, H LREFOREDIENICLBZHDTH 2, M6-3p5, 2
TEBAT v 70X JORIRUVBET 230 VOBBH. (3x2) #EnH
MR K> THBUEt S W TWB 2 &b %, [T1015 Myl [332]75 M Xl
2Lh. TNZNDHADORTFERERPa T 5, ZOR, X7 v 7O
RFZBABxp)c X > Tadihd . ZOIR DBV TSKIiG ICESWTEHRT 2
CEDHEKD, TITEH. RIE2EFEBAT Y Z7IZEHL. STMEDOREHFET
WETHFUININ =7 U OFHli2EA S

9. BFXFLIVA PTCRIDZEEDMITH IS DEARDEHIT,
BHE T 5 7 VDB sOAFP(s)2STME L DR z. K6-4IZERICL ST
"ONERASETT. L. BEFXF LI YA MBI 2ESEIMTH RS,
BHE T 5 X 2 7 ORIBDsTH HEEPs)E.

P(s)=P(1-Py " (6-2)
Eo>TEZGNS, 22T, PIEIEFUIHY A MIBWTF U IDELET S
HRTH D, M6-4DEKRINOG-2)P5RDESHRZRLTED, EFRERL R
=HUTWBZ WA s, COEDS, BF LIV MBI 2B5EM
IATHBLEZOHNS,

X6-4 BT 5X > VBOEHOSF. FRIXG-2)D5EELESH.
F 2 7 [EbRsiZa, (1.15 nm)Z AL L LTV 3.
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RiZ, SIMEDPSBZFXF LIPS MIBWTF U IDOESR = x()x@p+1)ZHI
ELZDDHPM)ERD . K6-512. ERTHONEF L IDEIDAHPN)
2T o nDEE)F0.46. FEIL033TH 2, nBEDERFEDX L 7L nSAED
EERDOF V7 E2EUBERZH DO TIANF—ZE LV, SEIOER
TlEnPEDEZFE DX 7RBERI N Do, COBEEF., HRINES
TDFXF 7 AT v TOEEHFAHHEREP S TH TV B I L2k > TEM
FHIZEH TN EZ D TH > T, AWIHRINEDDTERNT &L 2EKT
Z

M6-5 ¥ I7DEXDHM. ¥V DESnEa (1.28nm)ZBAIE T 3.
(O) EBRHER, (@) TSKEFIN(T=0), (A) E@m22)>2EQ0)DBA(T=0).
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6—4 FEZ
6—4—1 FUNI)NI=72 O

TSKEFNIZBWTERDAND AT v 7ORL BVWEEHERT S L&, ¥
DICERT v WV uBAT 20O DBERNTH 5[5 ¥ V7MIZHEERD =2
WESIZE. &F 2 794 MBI 2 KAEREE2RkONIEL V. HF L7 Y
4 MZ BT 3 RaERIH gl

4T =3 exp {[—E(n)+un] /k/} (6-3)
KEoTHEZBNE, 22T EmMEEIMDX VIV DIRZNVF—Th %, A
T v TRE B EEH) iR A hLp i,

p=tanb = a,<n>/a. (6-4)
WCE>THEFES, 2T nOEARHE<n> X, ROEEEgZE AW T,
(n) =kT é%ln q (6-5)

Lo TEtEEIN B, KE-5S 2HAVWNE, FU70ERT Vv IVuB ATy
TDHF LoD E LTHEBIEDPHKSZ, 2T pp,DAT Y TIZR LT,
X7 DRI DHHEPR)IX.
exp{[—E(n) + ,u(T,pO)n] / kl}
P(n) = (6-6)
X > TEHEH% %,

NGRS RDB LD, FUININPZTUVERDEERREIZL ST
DEPMEIEIT 3, F9. BHIZF L 72X NF—BF L 70 EXTHAEI L
THEMT 256252 %, COHBA. FLININPZ7UE

E(n)=dn| (6-7)
THEZ6N %, ROE-NBLUAG-3I)~6-5EHNWSB L,

£\ (W +z%+ Vi

o (75) 2o+ )
OERPESNE, T2 T,

z=¢exp (-¢/kT)

A = <n>? (1+2%)-42%(<n>?-1)
TH 5, X6-6lk. R(6-6)& K (O6-8)ZHNWTEHE L<n> = 046 (0) &<n>=0

(@) DBEDHHPM)ZLE LTS, BETHE. @>=0462w> = 0DBEE
THREZNIFEEEBDR WD (X6-6(a)). BEIEL RBIZDONZDEN D

(6-8)
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ZIZRD DG B(H6-6(b), (c)o <n>=0 DA, LRI HEIRIIE
SENEFXLIDPELETBEDT, nhBEDF L I LaBEDF L 70BITZELL L
59, SAEnDEATHIRICIRSR V. BETIH. <n>>0THo>TH+4
ZHDn < 00X > 7 PARICIREIN B EDAHIZIF LA EHFIC R 205, 8
EDNTH 2 LHMICHEINTOERIDF Y 7ORERBSIMEIINhZDT., &
MEnDPEDRICAEFEZ LiZh b, T>0DMRETIE. n<0DF > 758210
KU,

P(n)= (n)"/ ((n) + 1)“1 fornz0

P(n)=0 forn< 0 (6-9)
L %o K6-5DKRML. <n> = 0.46DKFHTK(6-9)2 AV TEHE L =2 HP(n) %
MUTW%, CNZRKRBEREUEK T L. ERTHEOSNEPM)TERZ20F
YU DHBRPMHEINTED, n=10F > 7B L D XK TH 2. E@n) = dn|0
0. RENPSADPBEICT=0TH>THn220F L I HEET 2, LD
Us E(n22) > 2EQ)DBEICE. KB TOFRIZEMR) = p|DIBELRERD. n=
1DOF 2 7B 5. T>0DBRTIK. 2TOF>7dn = 182D, 4
mi PO)=1-<n>

PQ)y=<n>

P(n)=0 n=0, 1044\ (6-10)
L8 %, X6-5DBERUIK(6-10)D BT ETT o T = 0IZBIF 2K (6-9)B L R (6-
10D ZREBEHERE BT 2 L. SIIB3)RED 2R FBRT v 7 TREMZ
2)>2E)TH D LHRMTE B0 S00ODEEDHE. ¥ 7 DADHAD TRV
F—2RDOZLDPHAOENTVWE D[] 2OI—F—Z RNV F—DHEEKDK
EVWF L IDHBMEERSTEDT, I—F—2 2 VF—HH B LT3 L
SPICKBERZEHEA LRV,

X6-5ICR UERERTIE. P(n=3)=0.004X0.001THBDT. n23DF L 7D
FHEIERTEZCLPHKE, Z2T. n|S20F 0 JOADBHFINZET I
2EZ Do §ROB. EMS)IEERTHDH . Em23)XERKRE T 2, ERE
RE2BET LA =FEOKTB LUVEQATERET =0, H(6-3)~(6-6)%
FAWTEIERIZ PR E Uzo EQ)EEQ)DHD2.0 < EQYE(L) < 2.7D%
BicHdLE GROBEICBVTEREREBLL BT 3068860k,
FUIONINPZT VB LTI EOFEMAREBRIE SNRP o =D,
WBEMEN DT EROF L I PEK RSN TES T Hetic+ak
BEPBONRPSEEDTH D,
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5 4 -3 -2-10 1 2 3 4 5

XI6-6 TSKETIVIZ BT 3 3 PAn)DIREKRENME.
(kT /e=1.2, (b)kT/e=0.5, (c)kT/e=0.1. (O)<n>=0.46, @)<n> = 0.
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6—4—-2 RXFvTERIDERGM

25y TEHAO) BLORF YT RAF 17X R 1 K6)=[6)+ 0°H(6)/ 66° D
RAGME, FEREEIC B 2 £ EAR[6-9] 0 R RER O X FRAR[10] 2 EH
TREEICEELR Z, ChoDHAZEEF. MENRERICYDEF I
ANF—IZLoTHBEINTWREEZISND, 67k, BR5F TN
=P o 2AWCEYTFANOAY I 2L —Ya L2 THERLERAT Y 7O
AFv7yay NCH b, EMOFIE. EBEDTSKE TV, HEIDFIERTSK
(restricted TSK) EF )NV ZHWT WS, RTSKEFTNVDF L I NIV F =7 U
E©Q)=0, EQn|=1)=¢, E(n|22)=THB[5]s ThbL. |n|22 OF> D
BEELPRELEINTW S, CORPSFPZLIIC. FUIONINIZTUDE
BRI T Y TORERPCES FICKEEET S, T 2TRE, HIFIETO
BRTHLSPIIRSESIIB)RALD2RFBRAT Y TDXR L ININV T
CORCESWT, RFvTENBELORATYTRAT 47 2 ADRGEICDON
TEHET B, A7V T RTF 4 7% Alkdiffusivity :

bHOT)=a’< (n-<n>)> (6-11)
ZRAWT.

[ . (6-12)

S b¥(B,T)c0s’0

Lo TRDBZ EDBHEKB[5]. ERERDPS. P*=055m’BPRLNDLDT,
fEAT 2 I = STMEE D3720°CIC BUT 2 EERBOREERZRZR D LTV % &R
EThE. A6=27°T=720C°) iz B &L 226 meV/A L FHTiZ N 2,
WulffDEHR[6, 7\ L. AT v TRALO) ZWEFRE 7Dy b LEEERA
ATERBHFRD AT v TIEANFERIIRETH 5. Biffi CTigam LETSKET
. TROBE®M) = dn|DBEITIE. |6< 90° OHEETHR7DELET % HALE
6=0" DATHD. —H. ERTHONEZER22) > 2E)DHFEITE. Bk
XUEDDRT v 7T RIVF—I,
6.1 =0) = KOQWBQ+ km9| for tan6 < a,/a,

A6,T= 0)= K0,0)|cos §] +
_%@@%ﬂﬂbnmsq

ay

ﬂﬂjﬁ%mq
ax

for tan6> a/a, (6-13)

Y123, R(6-13)E D, tanb= a/a TRT v 7 TRV XF—OWSF DB AHELRIZR

TWBZLhBabh b, f>T, En)= gnDBELRRD AT v 7TEHIEK6=0°

EFTRL, tanb=a/allBVTEHRTHEET S EPHIHSN D, O
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(@ _ (d) <n>=0
<n>=0 / ) n>
/ /

K6-7 EXFhNVOYIal—ya ilioTERENERTY 7.
(2)~(c) simple TSK model, (d)-(f) restricted TSK model.
INT R =2 (FkT/e=1.0& LTz,
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BHi&. En22) > 2E1)DR MR RIHETH BRTSKEFNVIZBIT B RF v 70
REBVWDPSIBBICFEEIND, K6-7H 5005 L S51Z. RTSKEFI T,
|22 D% > 7 DURDPRIESN TN LD, b = a/afFEDRT v TiEiE
5EDPMEITN., tanb=0a/a TRAT 4 T XABPEHT 0 tanb=a/ald(113)H L
DO3FENCHIE LT ED . SIAB)ERETIE[B)IZIB>ERAT Y THRETH
BLEZO6ND, ERICX6-1OSTMRIZBWTO3IZB> 2R Ty 7B LIE
LIEERINZeh 6, ULOBREZYTHILEEZONS,

6—-5 ¥

AEBTE. SAB)ERBELO2HEFBAT v 7ORFAHMSTMEDR L XL 20
RO 2R L. BatEREEN 217 5 /2. LIEiSwartzentruber 5 H3Si(001)3%
HEDRT v 70X > U 3HEOBATICH W= HwE, FHKRIT v 7OHA
DRERBDGALE — BT G ICOABHATEETH . 27 v 7OEEHLIH
RSO REL TN TV IHBOBNICIERER T2 ZEHBTERN, Z
T, TSKET NV ZHAWTEBDOAMNDRT v 7IZ T 3F 0 75 mEEH L
o RBREREZHEBT UK LEL B, SIAB)EALO2RFERT VT
DF 27 TR NVF-E@EEHMICF > 7ORIICEEME T, Em22) > 2E(Q)
THE2I Lok, BIEFEICL>THEQEQ)ZFE L L B, 2.0<E
QUENQLTEETH B WAool Fh. FUININI=TUORLEE
HRADEAGHDBERICDONWTEHR Lo SIAI)RE LD RF v 7DF 2 713
WHZZYRERZ2) > 2E)THBZZ L5, [TIOJAHDRAT v T EIFTHL
[B1)ICHB >R T Y 7H M RETH 5 2 LI N D, COBEEF, =
BREORZT v 7OBRBERE BT %,
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BTE BE

KETE. BFRAT YT EREAE Uk 0% - Het hrBmsE@me LT, &8
ESEZERY M U XIVEME (UHV-STM) Z2HWT Y VI VERIC BT ZEFR
T v 7O E ERE - HRHICHELE. YT, AEICL->TEShETRE
SEOMEFREIZDONVTIBR B,

FB2ETE. ARICBNTHBEL & 2 REARERR O - HEEICON
TER L. RIS, BRFRT v 7B AL UTHEINEERDP. XEOHSEN
MHEZEFET X THEMTHEI BTN UES

HIETE, HALI N TORWEHEKRSOS (solid-on-solid) EFIVDELTH
oy Ial—2ar2Fn, BREOX 7 v 7HEEKE LSS M et
%btoﬂﬁﬁéh#%@%?»?%%ﬁﬁ7xw\jy%?wxiwﬁm%?w
DEG LR, S OB BEEUL IR 5 U TR Ic R BT 2 2 LSRR X
2o T HIT. TSK (terrace-step-kink) ﬁ@&iﬁﬁﬁ&ﬁ@#%?ﬁ'éh%ﬁﬁﬁ%ﬁf
DESHREREK & X7 v ZHEBEBOR O LFBERD. EF VDM ICKEY T
BIC—BRENCHNI L TWA e BSEDY I 2L —Ya Tl bR,

BABTIR, [332)2 S[I0ICAD 2 T o= STOMFEDE N H IS = 1.7MH U
fmuaﬁﬂ@k 31757 72vT 4 T ESTMZE AWTHERE, £7°. EHEER
DIRFMREMZFANRS 72D, BABOF7=—IViBERZEZ TEEDSTMEIR 21T -7
ZOFR. CORADT7 7t vT 14 L VTHEBEIN0°CTH . MHEIICARSH T
%0=0DABICHEMLEMNED? 7E2vT 4 L VRELIEETZLELIENS
EDHEPER S il TPy T VDR ZEEEEBT. 7= — VR

ZEZ TREDSTMER 21T\, RETERO 7 = — )V BREHREE 2 /R, 208
R I77v7 4 TOBERICBNT, EHFSRAEE7=—1) VBRI LT
NEAZR->THEMUTEBD . ZOHEBDPFFUTHIZePHLPICR>E, 2
DR —1)  THEBOER. 60OMBATHONTVWRELALTHEI LS,
I8y VRERER LEBEFRRL, X7y 7RGSO KM EER
ﬁ@<$t%ﬁ%&%@?&%t%i%h% RO ERIZ AW =8 BEOEERAR

DEEBHRANED, RERREIEEORER2ZITCHELT., BRI WERZHIT.
ﬂﬁ&ﬁ%®b<i$®%%«®%mﬁ&kﬁéiﬁﬁﬁfbé EHHERI N,

FBOBETH, SIABERHALDRT VY TBEIPRF Y TN FDF ) XA— MV —

VTS EWXDWTEEBMICTN=, 7T10°CTOELEIRREIZ H BSi(113)RE LT
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HETHIRTEIPSABEFBOEIDAT Y ZIZDONT, STMEL D X5 v 74
B ZREL. ATV T7TDEILRTYTORIDOEAZRIYMHETHDIRAT vV
TRAT 4 72X ADBERIEDOVTIHARNE. ZORR, ATV TRATFT 4 7 RABAT v
TORIITIZELFILTVWB PSP ICR - 2o ERERDEENREMFE 2
8. A7 v 7ROKEROS|IHHHEEEAZ ZER UETSKETFNVICE SWEE
BEToe ZORR. ERTHONERATVYTRAT 4 TRRALAT v TOEID
FOEBIBERIE. X7 v TN FOMRIBIBRBIIREZDZ 772 v T4 ViR
BHETORDBNTH I PHO LR . ERERE 77 vF 1 L 7B
BIHEFBETHONEZLDTH D, STMERIZBNWT, RBIZAT v 7N F OEFHI7=
ARDBBRINTNBI RS, CCTHOEERERUTHEEELLNS,
BOETHEH. BFALNVDOBEADPORAT v ITDESFIIDWTERLE. XT v
TORESEE. MERNICRZ ATy 7 TOFXF L VORRICERT 3, 22C. &
SESTMER L DSIQI)RE LD 2 RFEBRT Y 7T BT 22X L VOEInDHG %
HMEL. FLITZRNF—DF 0 DOEInREMERZFTM L= —EHICF Y
DAV SNTWBERIE. X7 v 7OESHMAIREREA ML —B| LT
WABXNMMEDBWR T Y Z7OFEICOAEHAEETH b . ERTHW ERXBDEGES
AT W 7TDEDFUPRBRBMOAMERELL BRI -DEREHT % 2 Lh kR
Wo ZZ Ty BERODFHLDRT v 7B X2 IV AHDBRHBITL LI,
Mz L. ERERLHE FRIOLEBL D S1I)ERA LD T v 7DHE,
FUUZRIXF—DPHEMIIF L V7ORIIZHMLUTES T, Em22) > 2EQ)TH 3B
CEPHSERORE, TOBEIS. SIQIINREITBWVTCO3]HBIIZIR2ERAT Y
THERNCRETH D EDBDP D, SIMEBTHREI N AT v 70K L EMK
—89 %,

PUEDE ST AR TESI(U)EZADERPCRFR T v 70 #) FH M E %
SIMZRAWTH#HNE. ZORR. BRERALORTRATY 7OXEEGHOMHAD, KT -
REOEREEEMBET 2 5ZATERICANTH I PYHLIPE R =, LB L, Si
QI)RERROEEICIE, HSDPICINTVRVWEBELEL>TWNSE, 77w~
YIREX. BBHROMBAMICIKELTELTZ2ZEPHELDPIR 2 ED, 2D
PEEEEE. SIORNMEBEROEUA#MBEL L IT+HATEBEIN TV RN, 2
DRIZDNTIE. REDCHER FROERZHIOVWTRHRERZITOIZ D
BBETHD. e 778y T4 UV TOBRIIBWT, EHF 5 AR 7 =—)VE;
BHCx U THREBL/6DXERICHE > TS 3 5, COBRPEDRE F T
BOLLTWADh, FRAT —1) 2 ZEB/6 O OYEKREKRIZ DWW TR, +2
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CHLDIZINTVRVL, COBRZ P YTA L TDALRT 47 ACHET 5H
HE - ONWCIk, STMEZHAWT 7 7t vF 1 V7 BRICBITB2RAERROZLEZ
BHEBET AT, LhEVHIRPESONZLFEZ SN D,

EFETE. HEREAOREEREICIB I ZRECHZRNREEZEDDLI L
BTEED. BRNICEEFHRCESWERT DD E T, WEEEOMEZE
UL R 2RI ADBEIN S Z LN %, 2. 25 LERED
EELLHICRT Y 7OEHICETIERIEETNE, TvF 7 FEIES X
SYIVEE. ANTFOIEYF P VEESOXE 7D AL > TEHEShBEAY
23w 7R —)VCOERRROTAD AfeL R D, FEEKTA D0 - F /TN
ARAT7ODEADREIIRELFSTHLEL5N S,
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Al &

Ak, HHREEROMIEED D & KRKE L2 HRS AYHE ZEIUZ B
TITbh 7D TH 2. AFEEZRTT 2 ICHED, RIGBUREEE2ZHEOEL
F- RIRKZEER A EEE aRmidicol D ELHELHE L ETFE T,

RERZGR T 2MEREER I LRSS E, KRERZRIEMAERBIEER TH
TG A, K2R TR EREEEE  MRHRREE . RERER TS
Bl FEEAE AT, R OUERICH = DEE L {RETW & BEREBR
EHbOYFELE, CCIKELHALBLLETE T,

AEEEER RN SEZERKE. AT FHAECEERBEM 2 HE
RIEE, FEKBERREEEZEDOE LE, 22X, BLRHHVWELE T,

A1) —5 Y RRZH#F%  Ellen D. WilliamsseE IZIXARFTEZRITT HICHb, H
EffEHE L LT REESERHYE. ABREEPVERMZEEE LE, ZIIZES
B W= LET,

KIREBLBE RFET B MAERTEE, K2EZHEER MAER)
e, BEERKZ TRHMEEE WARREEICE. EIBETIToEY IaLb—v 3
VICBEUCEERMEEIS, ¥R 2BbhELE, CTIELIEHNELX T,

RFETEMZEREMN HAMREEICIE. ARETIT-> EBRERD B5ICH=D]
EEREBOEHEPERBEM SR OWTERREEEZEE I U, O XD REH
WELE 9,

REFEEREMERBT SHFFELEICEAHIET AW ZHOXRREHTIC X
ZEMiiA2 L CHESEE LE. CCIHELSE#HNELET,

H4Z DI EEBICBN TR A RENE L HEE2EE F LAEEREE (R
=EYFU7TNY)aY) . EXREEL (B m?ﬁﬁ)\imﬁm@i(ﬁiﬁ
LRZEMEAMEE) CELE#SWELE T hEEE T (R 5 RIERT) |
FEWBK (] EE%&W)Ku%#mmibéﬁéibtopp;\ﬁ<ﬁﬁw
ELET, ERRZHLICUTEWEREZRE LRiHE MEHERR, JIIER—ERI
R LAY U= A

AMEEZEDDIZHED ., BENLREREISTAEBHFE R FUEMER
WE IR FRCOL DEHWELE T,

BBIC, KEZEREETHRREE Ok 2EUD. MEZEOBRICEMERST

CHEEETREBMHEEICRDFE LR, CCRELTHEZERLE T,
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