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EREDMFIEIZZ D) 2 L TE72 26, L LR b, EHRREPETIX
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DO, P URAIRED S OPREFCHBIR I ORBICKRESEEIND
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EWTE D,
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2FHOHME LTiX, UHV FCREL TR TBBIZFREZ AFM OBH% %
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Fig. 2-1 Schematic diagram of the STM principle.
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Fig.2-2 General view of JSTM-4000XV

AA ayy =X, UHV BRFEF SN DBBIZEE (A A a3 Y — L 4510)
kLR BURI S, R OWE S BREFOMEHEE N =T —~ 7 v MT &
HFRAICHES SN TS, BEIEERICIE STM B2 H O STM A7 — UintEss
SNTHY, FEHLE =L 3 EOFE L 6 HOEE PN TE /3 —F 7
NWEHINTWD, REIRHmET, n—2 VKR TRP), F—HRELF=2THR
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Fig.2-3 Block diagram of STM control.
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DEWMGIELZ OB T AL EW®RT 5,

AIEOE— FTIEX, EEFHEIZXT 4 — Ry 7 L —7OfICHIR E N D O
2R L, BB XERBEERT T ORIRICHIR SN D 720, R R aE
HENRAHETH D,

STM %8 & U COMERIE BREH A JR T L~ L T3 XYZ B = X% v ),
PRENFEAE CHIE C X 2 #FH £ CHREH 2 BUBHT AT X1 2 MBS, Bh RIS
N b,

BREtE LTl KBRS Y U AYIR CHOERAYE I BRI B rTRE e & v
AT BB AL TS, Fig2-4 ICEMMBIC I VIER LT Z v 7 AT U8
$t2oRd, BRSO IERERIT 10nm BEICER SN TWS, AEHEA
U YU LG R BRI CEMMEN PR TH L0, miIRBIEE CHRtoeH
DREHANC B L, THIETRREBEDHTONDL LN DH720, RIFFETIE
i L Tuauy,
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T JEOL 18KV

Fig.2-4 W tip formed by electrochemical etching.

XYZ BV A% ¥+ & LCiE, STM OBIRELINE b T A K> M Tl
F a2 —T RN L LT D, AREETIE XYZ SO TN i/ & <
FI/NUENR G M 2 H LT b, XY Sy =7 E— ooy
EHEALTEY KA F v P A Xi3£150V OEEFNKFC 200nm £ ThH
%o Z FFIZIIfhfEE— RO =Y 2 L TH Y, £150V OFIINEE TH
500nm 2R EDO L I N E SN D,

FHENERE & LTl STM A7 — VIR T2 A Z A L T d, KR
MOEEE 7 4 — FAL—Z XV EZERNTE v F 0.5mm O U CEfREE) 225
EN%. U0 ICEESND TIIC LT, &I 4 — KA L——[EliiK
W72 0 BB TR 50um OB X ICEB I TV D,

J B 8Bl22 0 L 5 72 STM O KDORES Z 5| & T 72 011E, IR B OFHIE
G BIREN 2 M2 D MNENH D, KD OME R EEE (50Hz LLT) OEH)
X, A varyy— B InNnTWsr o7 —~vr b Tz, TN EDORE
WA DRIRENCFEHREN I E SNSRI b & EE OV v 7 2 ERAbE
TeTALAL 7 XX THIR HDREEIZ IR > TV D,

2-3 [RFEHEME (AFM)
2-3-1 AFM D[R 39
1986 AR BAZE S 7= R 1 ) B EE (AFM; Atomic Force Microscope) 1%
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PSRBT B  JRFRI 2B LTW5, oz, B, ke bIEE
PED BN 72 < | MR EIOBIERATRE CTH D, 2D AFM O K & 7R D
—DOTH D, AFM 1%, REFFBHENCE < JR A28 — &7 % K 9 1IT8RE-A
BHE O FRBEAZ S L d B, ZREFAFERIAIC BRI R 2 Z ez EA L, i
T AT — NV ORBR IR OBIEEN TE D,

RS OEICIE, — RIS H o F L= LT S B RIS 2 2 7
RNV AELE (SR EH < IN/m) A6 LT, HEe-RBHRIC 5T
BB CIZBED T o F LR —=D 7z h 8 b HE#ENICZ DR E S &2 RKH T
Do, ZOlbABEOKEGIES LTX, T2 HA e B
L (Do FUR—EBDRIESCE = VIPUEIC K DB R e 2 R H -
bD) FRD D, AWIETHEM L72EE T, T2 hABsASh TS,
LITICHTZHRITHOWTERAT 5 9,

Fig.2-5 2T X ) R EF LR ORI, T F BN Mbolzt EDizbiis, 1-
DHAO ITENENRATHEZOND,

Fig.2-5 Schematic drawing of cantilever.
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ezﬁ- (2-2)
2L

NFEHILD,

WIZFig26 DL I v TFULNR—DES L, BT UN—DENES., v
F L 3=/ 5 PD(Photo detector)F TOWffE S ThH%%2% 25, LD(Laser
diode) /b ST SN T L X TH U F LR~ T —H A&, T ORSHE
% PD IS cnD, B F U= REN6D5 TS B LicEDh
FULN—DebiAlE, 22N THE2bNnb, L, I F UL A—IWEE
BB — T2 SR EARET D, 2D & & SEENLTZPD ETOE—ADT AL,

Ad = 265

_30
L

L%,

LD

Lens

Fig.2-6 Trajectory of the laser beam for the optical lever method.

AdZT1 o F U R—DENESD S LAFIZR Y, SERE BHUTZEDHREHR
MREL 2D, WBH L1IZ100~200pum, SI1F30~50mmfEETH S50
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b, TOWRFITHNAE50~1500fFLRD, HoFLN—DOEMMIZEDK
FLEO T (FmN ETICE<) OFEIL, PD ETosingd 72 W AdIZH~
NS WD EH TE D, ZUDETFHTATIEIMELE 2D, HIE-TF
L= O PHE R OZ Ml (BARY 7 K2 E) 1T L TIHERFICHMETH S
EWVWIZEEERTLZLDOT, ST HKOBMNRRD—2TH D,

H T U R—=NENL L TR E X PD OHLNIHETRE PO B — L3RS X
NiZET5E, BFLAR=RNs B LIz &0 PD1, PD2 (243%| PD) T
B S JessfE P1, R ITThZTh,

(2-3)

(2-4)

EHODOTILENTXAS, 22T, diFE—20825% PD OFLNMIHRE ST
WHEZXDHE PD TOE—LANRHEKNINTWAHHEIFH BEROHKIT TV DHE01E

M) THhAH, TOHIIOEAPIT.

AP =p1-p2-pAd _p359 (2-5)
d Ld

L) ZOEL I TFLAR—DBENES IZHFI L TWD,
L, ZOEFEI T L AR—DEAEE L THWD &SRR T OZEE)H
EEZOEFICHEE 525, £ T RINZIX, PI-R2 % PI+P2 THEl- 7=k

KOMEZHN D,
P1-P2 _3S5 (9-6)
P1+P2 Ld

ZOEIZIE PREENRND, ZOEBFOEEIIZ TR0, —EIIZQ2-3),
(2-4) XD Pl, %A, BEEiLL, 2-5)X% A-B, (2-6) X% (A-B)/(A+B) & %
9, LTI, Zhx2HWTHAT 5%,

Fig.2-71%, B F VU= B EELTDICRE E I TF L AA—%TS T =
RrEECTHREOE S22 ST ZDAB/A+BOELE#£ L TW5DH, ZDOH|
ElX, 74 —A B —7HEL T, STM (2B 5 [-8 71— 7 HIE & HEER
IR TFEC I VEESN D, MO X 5 IZ(A-B/(A+B) S ibB O ZEATIT 5 L
TIREY =TT 2N BN D, OB CIEREE B v F Lo — e
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ENREEMLTRY, REOBNIZKH L TH U F L AA=REMTIE Y =TI
(7o) THD, ZOXI7ERBNDG, 24227 hNE—FROAFMT
X, 2OV =77 (%7 MEK) TEESHETEY, (A-B/(A+B) % H
LD, ThbbhrF L AA—Dlbhi —EIREET 2 L) E 25
GANCHIBEI LT, 2Ok HEEE O MM %15V b,

Repulsive force

Proportional region

Sample surface height variation
(Sample-cantilever)

F<0 100 200 300m

Attractive force

Fig.2-7 Relation between the sample-cantilever distance and the

(P1-P2)I(P1+2) value.

AFM (2%, STM L3RRV | BHESOEWVIC K 2EBOBIEE— R b
5o ST AFMBIE213, A4 T 4 vV E— FNBELAAFIvI7E—F (HDHW
% AC £—F) BI2O DK TE D, AFT 4y 27— FI—fklic=a %
7 b AFM EREENTWD, ¥4I v 77— RNZE, Jvavd 7 hE—RE
A F—=Iy T hard s hE—F BIZF vy B 77— REFTRATWND)
KRB TE, HICHRHEGTROEN D A —TRHiitiE 9& FM (Frequency
Modulation) #HiVE OIS, AL TIX, FEiT/ a7 N AFM %
AL TWDA, TN a2 B DA EBEFEOIMERIZONTIE, 3ETHR
~D,
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2-3-2 AFM %E& 7

AWFFE TR L7z EE 2 AFM(UHV-AFM)IZ, B ARB IO TEE S
IZ & - THIF &7z JAFM-4500XT TH 0 | T DO EH % Fig.2-8 IZ/~7 (B
TEDEHTE T /L% JSPM-4500A) . A%E(E & JSTM-4000XV & [FIERIZ X H 224
MHBEZBHR R =, AAfrary/—), STMfAlfle=y b, a2 =
— X VAT AIPHER STV D, JSTM-4000XV & DiEW L, AFM &) 2
& DOMUZFURHLEEE | K OMBBIRE O A APILRE L R 7o R&EL A
STW5D,

AIEEDOHBLU YN, 27 FE— DA TH-TZD, S1 #mED L Dtk
WHTEPE BRI A 2 Z 7 b AFM TRIZT 5 L REOWELZ LY Z LR
S0 BREFREI O EEREZRBCE 5 /) v ar ¥ 7 FE— RERRE I
DAILTWD,

Fig.2-8 General view of JAFM-4500XT.

AZEE BT 5T HROEN B AL Fig. 2-9 12777, Fig.2-6 O
EDOEWNT, PDIZ45EIPD ZEHLTWDZ &, £ F L 3—-PD i
RT—EANTNDZETHDH, 4NEIPD ZHHTHZLICED, ABDOH
FULNR—=DIZOHDIFWMIZT TR, ZHITERZTLH5MO C-D b+ 52
EMTE, BTFLNA—DRLYDFERGFGLZENTE S, 20T DFF
Wi, REF-FEHH OB HEICEN SN D,
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Quadrant detector

Scanner

Mirror

Laser source )
Cantilever

Fig.2-9 Optical deflection detection system.

T FLNR=NEDOE % 4555 PD OF IR S 57001 E L
T, A FULR=DTebAHFROTIICK L TiEh o FL3—-PD DI 7 —
DOElEs, B F L AN—DRENATROTIIH L TIE PD O ETE#RET B
TWb, 7o, B F U AA—IZ%T 5 LD OBS &L, LDz H > F L
AN—lZxP LT 2 FNZE LTI LIS, ZnE o) 3EZ%4)
MHT7 4= RZVZEVEIND, UED XS o F LA —DEN RO
BEREDS ) o F L=k L CREE SR TR 5702, STM O X 5 ICHE
I TFLANNMUEAX Y L EEDLZEERETHD, TD72H AFM A7 —
T, REHIIE A X v o SHHEEIZR > TV D,

A F L= LTI, HEHTE < DT L TBUE 2@ ITIRE S5 4%
TLRH LT, BOENE EEmWERAE IR NEREND, ZOXH7Rh
YFUN=ZF V) a RO RGMET T 7 AR U TR LEAR I kY
VY arfoElty ) arfloboRN RIS TEY  IN/m L TFOENS T
100kHz i< OEFREZEO L DO L H D, AWFZETIL. Nanosensors fEHld v
JarvhoFLA—5FRLTHEY (Fig.2-10 M), /> a4 27 k AFM T
(X, HEE < . mBEAIRBEO b O LT,
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18 pm

Fig.2-10 Cantilever.

2-4 AP ONERE
2-4-1 B DF R

UHV-STM/AFM T3 8 AN B W T2 IS X A N $H B
bNTWD, ZOHTHH—JLROEKITIBEMEZ T THEFRERm 2D
ZENTE, TOREWNR—DON S THDH, AFETEH, SiEOERLIZIE
WEINEEFIH Lz,
it Fi L7z SisBl O BEIC W T TABLE 2-1 (R T, ThENnOREHT 3 1
FzALS Immx7Tmm (BEX 0.38 mm) O&EfRko kx Sz L, #
BRI L7c, ZOREBIET & Mo OBERESH AT 1ok, ARV A
WZHY £ 72,

TABLE 2-1. The silicon sample used for experiments

Sample | Type | Dopant | Resistivity Experiment
1| Si(111) n P 2~3Qcm Chap.3
2| Si(111) n P 0.1~1.0Qcm Chap.4,5,6
3| Si(111) p B 0.1~1.0Qcm Chap.6
4| Si(001) p B ~0.01Qcm Chap.4,5

-18.



KREBRTHH L7 @EINEGE R L O—fil & LT AFM AT — I H DR
2% Fig.2-11 1~ 3, AFM H O@REIMNEGUE R L A1, 30 A % v 2 L
RT LT D7OBTFARNE TR > TEY  EDOFHRNAFTET N AFM 27—
VNHEEFE SN D, BEMNBRH AL Z OFE R Ok oy & Fed 5 s
SR ThDH L H L (Ta) THELNTWD, ilBH 2 B EIC Rk, ¥
ZNVEIOI S 2 Bt 32U TRIOAMT CREVT 2 BE L7, IEFIZEE
RO o E D02l 5 7o i dE i H ot 2 fE L7,
TABLE 2-1 1 OE 1 DA kQ GUEF 2,3 1X 1k QLU R 306 4 133010Q)
ThdHZLEHER LT,

BB ARV X 2B A LTk, B R ICEET 5 2 LI2 k> TR 600C
DIRET 12 R LL EOPIRINENE T 5 72, Z O FINENT AR E 7 7
UK VBETRET RN, BN S OB AONA K a b —R %O Bk
AT O Th D, REMLRRIMOFECOTZOIT1T, B A K 1250°COIRE
BT 57 7 v 725 (K93 A OEBHRAEBBDEEE) 1To7-, TOE
DEZEFEL 108 Pa A — & CTHEi L=,

Mgk CThHrY 7 74 7T OMENIE, b—% & L TEMRRD 10um JED Ta
BERBCHLIY 77 A4 T LT NI TR TS, St BUE & [RERIZEE IRV
FIEE Lz, H O SiaBtOIRIE 2B DE S OB kAT L 700 | Ei
FICIEET 5 Z LI2 &V Ta fERIIELS 1L 5A Ol TRUEHEE 2 1500°C %
Wz 5,

Standard Direct heatinc
holder holder

Sample holder base Sample holder

Fig.2-11 The sample holder for AFM stage.
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AEFOIREERIE I, T/ — R OFRIEGHEERT (IR-AP) ZfEH L., #1
ENEZFDICEERN 1mm OFEROEHEEL ECa— A L TR — 24 LT
BHZEAN I BRE LTz, E rTREZR L SHIIE 600°C~3000CTH Y | HBEDE
KIZREED+0.5% T 5, sHAlKEIX 0.96um TH Y . B O R%E 0.43
ICRE LT, BEa—A VIR —MNIaX—LhT72WTHY | ZOHEOHER
KITH 95% TH DL, FRoi B TIREFHOFRREEHE LT,

2-4-2 &

R, &oeR%E Si Ak b~FKE LT, FUo T AT UVBONRNRTy VT 4T A
Y MNIZ@ RO A AN THEER & L, ZAERITBBIEE AFM A7 —Y D F
HFIHAE SN TEY, NC-AFM Bl L7 0B 2B T2 2 L 2<475 2 &
INTED, REICI DRI, HEHEREICMRME DS 21T o B D
NC-AFM B z8l5 L, MAOEBEZHA D LIick > THEE LT,

S5 XAk

1) G. Binnig, H. Rohrer, Ch. Gerber and E. Weibel, Appl. Phys. Lett. 40, 178
(1982) and Phys. Rev. Lett. 49, 57 (1982).

2) M. Iwatsuki and S. Kitamura, JEOL News 28E, 24 (1990).
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4) D. Sarid, “Scanning Force Microscopy with Applications to Electric,
Magnetic and Atomic Focrc”, Oxford University Press, 1991.
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4723 (1987).

6) T. R. Albrecht, P. Grutter, D. Horne and D. Rugar, J. Appl. Phys. 69, 668
(1991).

7) S. Kitamura and M. Iwatsuki, JEOL News 32E, 42 (1995).
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EI3E B T (UHV) STMIZLAEEEHXE

ilni

3-1 #&

STM (2 & 2 mi@lsid, W RIEESCRKm OB O L~ ToZD

G FHT L DICHEFICANRBIETIETH S, ®RBIENTRIZRD
FTIE, —HEMETDREICEBIZMEL | BiRICERSREL T STM &1
KL TV, ZOEOEEOEET T I HBANBETERVET T2l
B2 R 7 EPINEDLET, BELIZR B EBIET HZ LN TE ol

ABFFEDIBA SR S 4072 1990 AFDORf R Ty STz STM IC & % il 851
Feenstra © @ 320°CIZ51 5 Si(111)5x5 == v /L OBIE 19|21k FE > T
7o

SI1IIDFEEIZF W TIE, 830CITHIBIRENRHY ., TOWMEEL FTEDD L
Ix1HEIE D D TxT FHESIEICAHEERE 2 9, 16> T, 800 CEZ A 2 M T
® STM B33, Jmpray 723 lB & i OIS T K 55 A b O W1 R 4 7 L
IWOGIRRETHIERT 2L TE, ZTDAD =X L& fRY$ 25 ECIEEITAHM
HANFEONDARMENRE, T2 THRAIX, 24 RY 7 N RS E 7R AT
78 UHV-STM % B3 L. £ OHEBBIEE IEIZB W TR L-LO S fREET
Si1D7xT ~OFEEB 28R T 5 Z LIClIh LI 9, 80 R Y 7 S 2K 5720
OXY OHEIR T — P2 ZBEFEMECEFER DD by 7= MU HROKE
EERMA L, QRERALA & AT — D L OEMERE S L, AT —I~0
Bui ANam 2=, @ilBltz/ha< L, ZOFE, MEVEI ATz, FOXRD
INTND

ZILARTO WA Tl B (To AT O Si(11D)FKE L T>Te TF OFEHIE 1x1
HIETH Y, T<Tc T TxT #EEIAHES T 5 2 L 23, RHEED X° LEED OF
THER STz 35, Osakabe © 1% Si(111) & m O B RIS LR &
UHV-REM(Reflection Electron Microscope) CHEH&ZHIE L T\ 5, A UH %% 5
IS D% UHV-TEM(Transmission Electron Microscope)iZ Lk ¥ . £ 7= Telieps
5 9% UHV-LEERM(Low Energy Electron Reflection Microscope) TEi£EE L T
Wh, LOLARRE, ZNHOHETIE Ix1 R0 7x7T O KA AL 0%k e LTH
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BT HZENTELEN, ALV TOBERIIRAETH -7,

3-2 =ER

UEHTHEHSHTY 2~3Qem D n BI(P F—)Si R TH Y, LD E 15 DT
X 1°LINTH D, 2 F T LBt oved - WA i L7, L~ LTo
BRI RBOER & L CTEIR T <7 #iED STM #18Z 217> T\ 5, EDi%,
—Hﬁﬂmf%1%0Cgmﬁbfﬂg8mcui®ﬁfmf IZRRE LTz, 3kt

W 1T AR IR R E G O Rk &2 RIS EHCEE T 2B CTREL TR,
0.9A THJ 900°CIZ72 5,

BREOEZEE T, WEHEENEERFT 2x10%Pa L FTh Y, REHEE %
900CIZHRFF L= & & TH 2x108Pa LA FOEZEENME-N TV D

WEIMA I TV DREI DA 7 ZETIE, BEALE SO LT & v
5 EMD, REO MO ELEDIEN SHR LT,

EIRBLZRIC BV T, MBROZ R FPEENCBEBT L2 E03HY, £0
B X ICHREL D Z HA~D T 4 — Ry 7 2B S D 0ER S 5, Bl Z
DT 4= RNy 7 OWHRAEHITTLEI & T 4 — Ry JEENRFEIRL TLE
572, BREFDEEID DEENL 2 T IS IT I A @D F O BREFD BN BT
TN LTIz &3 8 0 2l 217 > T\ %, BUBHEEE DS m R,
O Z & D MENH T,

3-3 Si(111) 7x7 RE D =R EE
Fig.3-1 1%, FHERIEE (T T Lz —# o STM %% /77, Fig.3-1a,b
[% 880°C. ¢ 1% 860°C. d %840 CTHILL T\ 5, BlEITmENHBEIZL T
B0, 880CTH 5 860°C, 860°CH 5 840°C~EIE 2 Z(L &1 30 nEIcENEN
R BIZEZ LTV D, a & b i CHAToMiMg(—EERE— ) & Eiitfy T
b5, bldad 30 BRICBILZL TWD, a DM LRI F AT v 7753
HDHZENTNY b DEFMGTIEIT 4 — F3y 7 DIBIEENIC LY | RREDE
MOE~NEBEL TWETEOEDOARAT v 7oy UREBELBEINL TS, WA
Ty TBNENLEIZTR > TWAEHAITIE, TDOAT v 7Ty VTS Bl
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IND, BB RELS ERETDHIENTE, FEHOT 7 ANFE CH
B SN D720, ERBIED X5 3 ZB(b &2 K7 L~ L D3 fiFRE T
BT HITFTEL TV D, LM LR D 880°C Tld, EFMARIC b JHHIN 72 F1-4%

TR TE 2o T,

FEHEEE A 860°C(Fig.3-10) DA X, AT v 7D EEOT T 2T TxT HEEMN
FERENTEY, A7 v 7O TEOT 7 A TIEE AT ISR S
TRV, B Z T 7z 840°C(Fig.3-1d) Tlk., IR TxT #1ETHBE
O TEY, A7 v L Ix7T 2=y hEAO—DOHFRH[011IcHi > T\ b, F
AT T Ty VNI IxXT 2=y NELT1 o=y MBI TND Z &N
R sh D, BlziE, MPORLEZ A SHS BEOBO AT v 7%, FOEHR
D1 2= MAEHIZBEI L TS Z &2 EHRL TS

Fig.3-2a~b %, EHEEE A 864°C(a). 857°C(b). 854°C(c) D IFIFFHRE > STM
EBEE~T, MY ORENILE ENGAETIZEDI AT v I iEERT, ZiLh
O—HOWERIL, 90 REICIEINTEY ., 2AN U 7 hOEENIEF I/ S W
bbb, £l BENTRDHICONT, EBEORT v Ty VG TxT
BENTER L TN Z &R DD, 854°C TIXEBEF L DT 7 ANTEEIT TxT IZ
Bbhihv, A7 vy 7y UREMRICHI > TETWARETFRBEINLTWD, =
N, Fig.3-1d L FEERIC, Tx7T 2= v hE/AO—LDHHE[1101TH D, ZhiE
AT TNEARICHI D) e LTE Tx7T 2=y bero—0 L LTHERY 55
[110], [101], [011]D 8 FMdH D Z & &R L TW5D,

Osakabe & 9%, T>Tc TIEAT v VT UNRAL—ATHDHDIZX LT,
T<Tc TIEAT v Sy VNV TP T 2 L 2WE L TnD, Ziuk, T<Tc
TIEER ST 3 HMOEMRAT v T TREINDT-DIT, HEAY R EI A 8]
LZL TS REMgTIZY 77 RICBIES N b D LB BND,

LEED <° RHEED O H1% Te 282 2R T Ix1 fiE2 R LTV D2, 2

FUTFEEE E SV I O R EE A TWD, SRIOBEMETIEL, Tc Bz 5
I TR R TS IR CE R h o, BE S < il O BT IEEWI S
RINTEY, REFEMKEIZR->TNDEEZLND,
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Fig.3-1 STM images of high temperature Si(111) surface. a: Topography
image at 880°C. b-d: Current images at 880°C(b), 860°C(c) and 840°C(d).
Scanned areas are 100x100 nm? for a and b, and 50x50 nm?2 for ¢ and d.

Sample voltages are +1.6 V for a and b, +1.5 V for ¢ and +2 V for d.
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Fig.3-2  Current images of Si(111) surface close to the transition
temperature at 864°C(a), 857°C(b) and 854°C(c), respectively. And sample
bias voltages are +1.95 V(a), +1.98V(b) and +2.00V(c), respectively.

Scanned area is 50x50 nm? in all images.

-25.



oy

3-4 #8

AT, SIQIDRIITBIT D 1x1=TxT FHIEEBIREA T T STM 12 X 55
RBERIC OV TR 72, 860°CHITTH STMBETIZ, AT v/ EEOT I
T TXT MENFE T LV OSRETEE S, AT vy 7 FEDOT 7 A TIIAY
7SN e VWREABILE SNz, ZNBSHEBERTOREEECTCHY , thoF
ECO Ix1 i L TxT HEEMNRE LEEREICHYTH 5B 2615,
860°CHHIT CIRE 2Rk~ IZ FIF 7= & & oiifse L7z STM B0 DIk, 7 Hidk
AT T EENDORICT ZADOAT v 7 FEIZEEL, 77 A2KEES 2
EMGmoTo, Fo. IXTHEENR LRI /2> T D e, ZTDRT v T T v UE
Tx7T 2= NO—LIZH > TEHBIZR > T D2 NN 3 HHDAT v
TERVGEDLZENEZ NI, BRI STZAT v 72y DiF T 2=
NENL TR DL WTWD Z R0 0 | TxT SN 2l % 52 2B - 72 840°C D%
HIZBWNWT Y, ZOBEDRHRI NI,

& XAk

1) R. M. Feenstra and M. A. Lutz, in Proc. 5th Int. Conf. on Scanning
Tunneling Microscopy/Spectroscopy Baltimore, Maryland (1990).

2) R. M. Feenstra and M. A. Lutz, J. Vac. Sci. Technol. B9, 716 (1991).

3) S. Ino, Jap. J. Appl. Phys. 16, 891 (1977).

4) S. Kitamura, T. Sato and M. Iwatsuki, Nature 851, 215 (1991).

5) P. A. Bennet and M. W. Webb, Surf. Sci. 104, 74 (1981).

6) N. Osakabe, K. Yagi and G. Honjo, Jap. J. Appl. Phys. 19, L309 (1980).

7) K. Takayanagi, Proc. XI Int. Congress Electron Microsc. J. Electron
Microsc. Suppl. 35, 133 (1986).

8) W. Telieps and E. Bauer, Surf. Sci. 162, 163 (1985).

9) N. Osakabe, Y. Tanishiro, K. Yagi and G. Honjo, Surf. Sci. 109, 353 (1981).

-26-



FTA4E UHV/>>av39 bk (NC) AFMDBEREZFDIGH

4-1 #E

JE R BEBREE(AFM) I, A2 b o R VBABEE(STM) TIEBIER T & Wik
FHOBELAHETH Y I STM (AN LWEREICR L TH
ZE L CBIEFRER T, xBTS K)o TE T, &
DRFIIRFEEREE T TOBETHY . BEEZEUHVIEREE TOHEIIR 61
TWW=,

—Ji. AFM X 0 BB STz STM B L Tk, K& TidEl
LZCTERWVIIIEME 2 FEARRE TS 2 b UHV BE T CHBIAR S IR T
LAV DOBIENTE D VD 2 ENOREBEEMRITO ST TRKQELVT LA
UHV-STM 2 EEANHER SN D L5187 ZORRMENFEFES N TWD, &
Z AN, UHV-AFM Tlx, 2% 7 ~ AFM TR OEIFAELNA TS H O
DEOBERIE LTIk, K&EE AFM T LB HE7: NaClVRe NaF2 o L 9 7
A F U FE RS MoS39D X 5 72 @R fa A £ T o 7o, FHERKE Tl KFEHK
B e L7 Si(111)FK M 9o~ B L7- GaAs(110)id YO BIENHE STV D
. AR ZEME MR L CORFGRBIZIIRECh -7, Zhix, =24
7 & AFM CIERE-FEH O EAEA AR & 72 0 | 30RHR i -CRREH el Ol
BENELDZ EITERNL TV,

ZO XKD BRI R BRE- B O EAEH Z MRS E L2 FEE LT/ vravX
7~ AFM(NC-AFM) & B3 S TR 0 AR EN O & 9 7 lig<0 b 23 £ i
DEZBRIZHER STV, 2% 7 b AFM IZ S KIEIC O fRREAMK T2 &
WO ZENDL, RGE AFM O3 CidE oI InNA 24— vy 7 b
o %7 b AFM ([ZHi-> TR BT,

—J5, UHV-STM & [RGB i OBE 41T 9 7290121% UHV T To#%
DMLETHY | T2 fRENE O S UHV-AFM ~OHIfFH KE S, W< D0
DT N—F X D% EZ B L T\, oz 2SBH%E 2 BMA L7 S,
Giessibl & 92X ¥ Si(111)X° KCI100) R H DR AT » T REE S TEY
LB 7 16 DS REEIR A L ~UUZE LTV RS, ARG [ O43fiFeelE 3nm 2 E
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TR TBBIEICIIA 072 0 ffEECTdh o 7o, £ LT 1995412 Giessibl & o~ 1%,
FIERIFFHNC SIA11D)7x7 #EE O BB P L 72 78),

ARETIE, MBO—ED »F L= GF D FM (Frequency modulation)
R A 2 UHV NC-AFM OB%E, KON OBIERERICHO W TR S,

4-2 NC-AFM D RIE

2 TR K 51T, ARMIZIE STM & IE 572 0 | MG 5 OEWIZ L 585D
BlEE— NP D, 22T, T FOMHERFHAZE O, NC-ARM OJFHELIC
DNTIER B,

4-2-1 A3k AFM

Tz HFRo=a %27 N AFM Ol 51522V T Fig.4-1 Z HW TR 5,
KT HFANTRE SN o TF L A—Dbd (ENL) ([THY T (G500 B
77 (A—BHEOEFEREI G E L) 2 U CRRZAMIBEHIAT) S (KIH#R) |
SZREICL > TRESND —ERMEIZRD L IICZETVIZT 41— RNy 73
MFHENTNDG (F—EE—R), TO7 44— Ry 7T CRE#REZ &
TRINCER L, ZORO Z BRENVETE 2 Bl S L 77 — 2 IS0 T i #
ELTHBILLTWD, v A W7 T 7 74 MEREE TR T HEENE DI
TWAHN, ILETIT= o #7 M AFM ZHEFH O AAEH TIdZe <, BEOR
TN KD BEEBEAPN KT BROBEICHFE L TWDH EEZX BN TWD,
BB D ) ~DBFII T o F L AR—=D iz bh e AR ERZ TN TIThh b,
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Deflection of Cantilever — Force

......

Phase Vv Yaveform UL fo FN Demodulator
Shifter Converter (PLL)
Vio
Optical Attenuator
Source (Amp. ADD)
g
—0
Cantilever STH ﬁ Fi
;//] iezobe
\V/ I STN
It | Pre-ANP [y,
ReFV Error ANP
Bias ¥ AFM:Force Set
Non-contact AFN:
Force Gradient Set
X,Y Scan STN:Current Set
Signal
Z Signal :
Z R1ezo Filter
Driver
N

Image Signal

AFM Image or

............... :Contact mode STN Image

Fig.4-1 Block diagram of AFM operations.

4-2-2 />aAVBEY  AFM

Jrvar#7 h AFM (NC-AFM) TiE, =2 # 7 hE—FD Xk Hic, ik
DL F U= ebLhZEHZET 4 — Ny 7E5E LTHWLDTIERL,
REH-FREE O ) o A (Force gradient ; FG) # MW W5, ERE-FCEHE O
FG 30 »F L AA—DEARBHO 7 & LTRSS,

T F L AN—DEAREE f, 13, KA THEX LD,

1 [k
fo=— |~ (4-1)
© 27 \m

T KkIZA T U NR—DRIEF R ONNRER. mizh o F L AA—DFNE &
Thbd, —h. BEZHENCIT ST TIT L2 0MIZEI 1AL, 2D FG 23 P
(Z0) DEEHI LT UNR—DONRRERN AT EEBb L2 iy, v
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F L= DEAIREEIE,

1 [k-F'
f'l=— |—— (4-2)
° on m

W7+ 95 (Fig4d-2 2R), TORKEEOY 7 MER—EIRFF SN LD
WZZEZT7 4 — RNy 7B 0niF 6 TWwsd (Constant force gradient
mode) , FEFROEWE ORI, BRBD K HITH o F LAA— 2 EFIREIEL,
& D WIEE OAE TIRE) S E 72 & 2 DEERBDOZERE OREE(E HHE L
TW5, TDIOREBOENIT, I F L A—DREIR\EAREL 25128
HOREEY | T LAINTEL 725 %,

> 7 FEOBMEBIEICIE, MEMICY T MREERHT S 2 — TRtk OrE
B+ % F M(Frequency modulation)# s o 2 5236 5, LITFICF DR
HEICOWT, B o F L AA—DBEFIREE T ORIED 2 (Fig.4-2) Z AW
TRIFIZHHAT 2,

AO0—T/HHix

B FUNR—DEAREE fo »HA LT L (HERRLEREZA) —
EEAWEL fo THHE L, D & & D0 F L AA—DRIERAOZE LM+ 5,
ERRITIX, A TF U= RO =Y ZFIZRBIRER D fc D AC BEBIEZHIN
LT, £DLEDH F L AA—0iREIRIEZ RMS-DC (AC # DC ~ZH#1) <
Ry AT rTECRLORET S, EEPREHCE S X I o TF LAA— DA
REVNAF S 7 R L2 & 2 h o F LAA—DIREIRIRIT A 726 AICEkT 5, =
DEACEAA 3—F (ZIUIAF B—EITHYET5) ICRFFSND & 9 IciEe—R
B PEEE 2 I3 5 FRAN 2 0 —THHETH 5,

FM #&HE

N F UV NR—DENAZZEBE L T F L= HEHO = FEFIC AT
LTAHYTFUARA—ZRE ST LV —TNTERERIESE T, IoFL3—0
EAREH CORB 2R &5, EMERROMEK S LTX, v—7NITH
— R A v arbr— (AGC) EIEZML T > F LoN—ORIEZ — B4R
B2 —EREHFL Ve h o FLA—FIET A Y EFICASNT A RIEE
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iz —EICT D —EMEF VD —onb 5, £ 85 50EAICH EIMERIE
ERRIZT DO 7 =P S I TWD, T OFIRE WA 5 w5
BIE AL (FM demodulator)|Z & 0 BIEICE S S, JEEE 7 M3 —E IR
FFE s Ko IS HESH-FURHH BREE 2 3 2 XD F M HITE TH 5,

L

Amplitude

A

l aa

A ' - \“
. H - »
fo 1, fe Frequency

Fig.4-2 Shift of the resonance frequency of cantilever.

BARRNIZ— IR T ROEE Figd-1 1R T LIS, BorFLi—FhTz
HRUT K DB, R T 7 N RN T g v 8 — (KRET) . (A
VI — WIREMRR, Ty T X —F— &R T, ArTF LA IRBOE Y
R EDERBL—TIZ Lo T, B F U= DEAIRENE T OIRE A HER
IND, BrFLA—DOREIREIL, EEEBGENS O —ERIBOELEEZ T ~
TA—H XV EY R REIICTFHD L L THRESND, AT 7 b EAf
1%, B EIELE R T 5 PLL (Phase-Locked Loop) 12X W &EDZAL L
LTHAhENnD, £2L T, Af ITRREHEIEROZREICLVRES L, Af BA—1E

RFF S AL D K O ICERETH-RUBHRERRE FI A S D (Figd-1 D FERR) . TREF-F0K}
FIZIZFFES I DB 720 K 51T, (XFREINA 7 AEBIEE OV ISR E L, B

-31-



FOBMERCIZL TS, Fig.4-1 TITEEHMANIZIT STM H Pre-AMP 23 #%#¢
SNTEY, BHOBEMMITIAN—F ¥ V7T NiZhoTn5,
BEPTEIITFLA—0QME (REHDO LT &/ Pls) BRELSRD, X
72— 7B E CIIRBE OIS EENELS 2D 2 b, FMBEIEEDEY &
EhTnsd W,

423 A VA —Zy T baVEU ME—F

2Aa—7HHED ) v ar X b AFMAIZEBW T IRRORR EM % R~ 12/ S
LT & EERICERSEDFRHC B U, RE)— 1L D3RI S AUHRIE 23 I8
THHEKICAD, ZOFEKTOREEA L FX—I v T havyH 7 hE—RE
M5 BT fREEIEAE ATV W, KRFD v a7 b AFM T
SIRGEBIZENARECTH Y . MEF IR FEAT v T EDRA L~V OBIEEN
ARECH D, a2 ¥ 7 M AFM T, BA~D X A =V REEZ A
7O AFM TlI—#xft LT\ 5,

FM BHEICRB W TS I o F A= ORIRIRE Z —EICHI# T 27200
AGC [ &2 A1 L7285 A2, 2 0T — R L AR et & BUR S B3 2 v )
FEICOWE S ATRE & 72 5 23 FM R HHED Fif Rl mEZE ¥ A 70 AFM Tli,
FREHCERET D X A — D DJETBRBIEEA~G R DR RE S LD,

4-3 ZEER

T. R. Albrecht H23BA% L7 FM # i NC-AFM (3 > F L3 — DI RIENE %
—EIZHIET 25720 AGC B Z i LTV 583, AHFZE Tk AGC [91# 24
EfiF b S e — @R D FM K NC-AFM Z £ L T\ % (RiZEDO“FM
HE"Z2 M), FM Demodulator & L Ti% Motorola #¢® PLL (Phase-locked
loop) ZEALTHY ., ZOREITK 0.1%f/\V IR E S TWD, Bl 21X, A
IRENEL £ 7% 300kHz OA1%, 300Hz/V & 725, 710 F L AA—DEARED
7 hEE LT, AERTITETURBEIEREMA~DOY 7 hEZ/RLTWD, &
YFUAN—ORRIERIL, EROHOETIX, =247 MEBTOREE SO
BRI T 2 PD O OE (2% 7 FE—RIZBIT D74+ —AD—7)0 b

-32-



PR LTy, IREHERICA A=V 2 52 5720, ZFOREIT T o F L3—
DN ENZ I o Tz b ENT—E{T - Tz, R E LT NC-AFM #4208
AREIC 72> T bld, B2 REHC T T a—F L7 4 — Ry ZRETO D
> F LN — DFEIRIRNE O LA 2 30k & OB E HHF LT, BlEIT
105Pa LI T OB L 1 TF7 5 Tu B, NC-AFM BARRFHIRE A 7 A BE%
OV i LT B, 242 b AFM B2 Cldd Y v S 210 SiaNy 0 v F L
sN— & Nanosensors #OEFEM Si > F L 3— NC-AFM # % Tl
Nanosensors BDOEEM: Si 7 F L A—ZfH L7,

4-4UHV O3 %9 F AFM IZ X BRF

UHV-AFM OBIFE 4T =% 7 b AFM BNEHRTH Y . 51 5EE TEES
% NC-AFM (X EHBE) 2B L TV A 72D MEE I A aTHE & Ebiv T
727o UHV =% 7 b AFM O#:fE & L Clix. Fig.4-3 @ HOPG DOJF 1481520
LT LV OBIENFRETH Y, UHV-STM & FIFEIZHEREY CH R
THBIEN AR R L L CHIfF Sz, LarL, UHVIZBW T ¥ 7 hE
— R CHRTBEEN AR E LTk, REFTHLEZ R HOPG £ 0)E
AR NaCl DA A USSR b T LEY, UHV-STM CTHEEHER O
LIS N TS SIQ1D 7T #E&EDIR FBBIEITRB A, TOAT v 70
BRIZHLAEETH o7, Fig.d-4 1%, STM TiE Si(111)7x7 #1E D 7144
SN AEEIC 7R HEREHLER 2 i L 7= K HiZ 2% 7 b AFM CBIE LR TH
5, SIMON o F L A—TIEEEHIB A LT LE I 720, SisNa A L
TW5, BIEMANE, IRV 5x5 um2 OFEIRIZ I 1T A BIEM L TH H R, A
T PP EMPEE T2 LH BRI TWD, ToRREiE, KA
D 1x1 pm?2 OFEIROBILIRE TH 0 | IEER T OBILE TITHREH-F0RHE O F AAEH
NI R E W E | JFF L~V OREEZ S Z & 2R LT\ 5,

DD BRAERPE S TLEUR, WEE A BRE TE 5 UHV IV TITiRst
AREHE O BE/ER 2R &5 /a2 7 » AFM OBIENEIE L 72 o 7=,
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Fig.4-3 Contact AFM image of HOPG. Scan area is 5x5nm?2 and Si

cantilever is used.

Fig.4-4 Damage of Si(111) surface by contact AFM observation. Scan
areas are 5x5um? (Left) and 1x1pum?2 (Right). SisNy4 cantilever is used.

4-5STM 74— RNV VICEBBRHE T MME

NC-AFM BHHICHT=0 | o3 EENE S1 o F L/3—"T STM 23 RIEEN E 9 7
ARER LTz, Ny VBRI ATRE R EREH-REH ¥ v v TV Thb A v T L
PN—EREFFREHIW S SV K ) IS, ERYREATATRER —F I T L
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N— (k=45N/m) % L7-, Fig.4-5 1%, EEM Si hoFLA—2H Lz
Si(11D)7xT HEEDBILEERL TH Y . A% ¥ VHEKD 2020 nm2 T, b R/LE
WS 0.3nA, FRESA T ABENL2VICRESINLTND, 20 STM BT
YFUN—%ZOEARBETRIR I E TRV, 200nmp-1>*%§@]¢)§¢5'@%§
RS 7REECTH R STM @B CTE 5 Z LB MR SN TN D, fiE- T,
COREOHE DN F L AA—ThiuE, STM B TR B35 b D k-
ABHEEREBE TS 0 o F LAA—ERE R BHIR B SND Z <, Jvrarys s
NIRREZHERFCTE D 2 L SR T & T2,

Fig.4-5 STM image of the Si(111)7x7 structure for a scan area of 20x20 nm?2,
taken wutilizing the Si cantilever. The image was observed in the
constant-current mode with a tunneling current of 0.3 nA and a sample bias

voltage of 2V.

Fig.4-6 |%.Fig.4-5 & [AAE7: Si o F L 3—Z HIW T Si(111)7x7 ik % STM
B LI ZOHM-RERICAEC D N E NOARFQ Z g LI-F R TH 5,
Txh v FL_R=D=bIMEE., FG Il v F L A—DEAIR#BSRY 7 b&2Fh
ZRMEL TS, Ko A2y STM () & 1B TH Y I o F LA— 2 FE iR
SHRUVIREET, TR STM #() & FG BATH Y o F L A\—%EFIREH
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BORBESERET, TNENFERICBZEL TS, A% v UHEBIE 1515
nm2 CTh 5, STM i, b xLER 0.3nA(EH) & 0.1 nACFHD <, &k}
NAT ABE2V THE Lz, Si v F L A—id, 13EH 45 N/im, EAIRE)
¥ 285 kHz Th 5,

Large attractive force

)
Dark

Large attractive FG

Bright

FG

Fig.4-6 Simultaneous STM(a)/force(b) and STM(c)/FG(d) observation of Si
(111) 7x7 structure in a scan area of 15x15 nm2. STM observation was
made in CCM at tunneling currents of 0.3 nA (top) and 0.1 nA (bottom) and a
sample bias voltage of 2 V. The Si cantilever has a spring constant of 45

N/m and a resonance frequency of 285 kHz.
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T b)TIE, 2427 8 AFM O 7 4 — R 7 G52 EEERLTWD
72, BINBREVER S RRENTEY, xTHiED a3 —F—h—/LTH 1N
REL2oTWDHZ ERGND, FG B TIE, NC-AFMHD 7 4 — Ry
FEREEBEFRRLTCNDZD, 5IHEETO FG DREWEALFREINTE
D, STM#EL =2 F T A MIKEEL TWD b ODFFEITH YT 2 B 5
NTWb, IHMETEINBRRELBEINTHDa—F—F— L TiE, LhKkZx
REINARPBESNTND, Jvrar 7 MREEEZHERFT D 720 iy
BN F L AN—% AT 0BRSS, BT L AA—D7zbArnbRIHS
NDIMESTIHERERRICR DN, B F L A_A—DBEAREHOE K 7 b

(X ERE-FREHH O BEAEA 2 IEF IR IR TE TV A Al R ST,

L L7203 5, STM B R IEREH-SUBHENC S A 7 ZAEBENHIN SN TE Y |
F=-(V2/2)(6C/0Z) TH-Z LN D §rEX I b EOHICIEM T 5, 22T, VRSt
B OEE. C 2RE-RBHH OFER &, Z 2 RE-REHROERECTH 5,
M TIE P RVEBRBA RN TEY, D EHZ0R 0 IZE W TUTFHFES
HBER L TWD Z L2/ 5, Figd-6 @ c, d & Rk BIE 21T - 722, STM
D74 —=K KRNy DT g NZ—% RE L, MhEDO=a L M T A RB/MEL 7%
LH4MTFGBEBE LSS, T0ary I 2 My STM 14 & RIS /hE L 72
%, o T, STM 14 & [FRFZBIZR X5 1850 FG 411X, STM B o WM i
CTeEBERN OB EENTEY . ZOEEN AT/ > TV D AREMEN
bD, TiuL, BEEFE R ERE R & O EREDS R B oMY T 55
AT 52 LIC K HBERNIOEICERT 2 B2 b, REMITHLE
BRI DEFHRAFE LT LV OB Z R TE 2 ROBERNH H 2 L 2R
L TW5b,

4-6 BEiEB 7 74— FN\vUI2&BEERIE

Fig.4-7 1%, Fig.4-6 O X5 2BENTEHRENL T A — KN 7EH%E b
ARIVER O JEE Y 7 MEGIZEI Y B 2 NC-AFM %8122 (K7E) 2170,
ZDOHEZIZ STM BIREXA) T TofR ThH D, LT AF v VD 20x20
nm?2 T, B A 7T RAEER2VICEEINTWD, BT L AA—L, Si v
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FLA=THY, TOEREHITH 40 N/m, BEARSEIIK 300 kHz TH 5,
fEBTIEZ2 VAN, NC-AFM BIC TxT D=y MY T2 T A i BlgR s
NTW5, STM B0 HIXZOEENLFEEHDHE Y B RVIRETH D L)
ZERHEIES D, F7o. NC-AFM BIEEHRF & 5UBHI A 7 ZEENEIIN S 11T
Wz DT, FREH-EHH O EK IO AR LD EE > 7 S A SBLIIZ 72 > T
Wb H D, 1o T, AEAA T AR ik S viuiE, EiTH
Sy fRBED NC-AFM 23 Hi#F S iz,

Af feedback STM feedback

NC-AFM STM
Fig.4-7 NC-AFM (Left) and STM (Right) images of the Si(111)7x7 structure

for a scan area of 20x20 nm2. The sample bias voltage is —2 V in both

1images.

Fig.4-8 (X, NC-AFM THE T FRENER TE 2 2 & D38 S - Ry D
NC-AFM £ TH 5 ¥, 2% v A 20x20 nm2 T, B A 7 ZEEL OV
ICRESNTND, AT L= LWV DICRZHL THWD 3, (TRERK,
EAIREEILC Figd-6 LR THD, W T L AA—DOIRE)HRIEIIA 80nmp-p
ThbH, B L HICSTM &K TXTREEDT F7 b ABBIESL TV

BZRE LI BIEZ FRRICT D72 15@@#&@&&£%M%k%z%
. TO%FMBRHIHEIEIZB W T FOSEEIT> T D, HIBET v 7 O%E:
T 7T 4 TN RRAT g v E—%BIN LT, (ifHY 7 % —& L CAaEmiE
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BIONAHY 7 X —Z 8 L=,

Fig.4-8 NC-AFM image of the Si(111)7x7 structure for a scan area of 20x20
nm2. Oscillation amplitude was approximately 80 nmp-p. Sample bias
voltage is O V.

4-6-1 Si(111) 7 x 7 . KU Si(100)2x1 FRE D ERET

Si(111)7x7 DEE

Fig.4-9 13, A% ¥ ¥ A X 30x30nm2 OFEIE TH, I o F L A—DEAHR
ZER DT 7 N EEK) 140Hz THIZE L7 Si(111)7x7 #§iE D NC-AFM £ T
512, 51 F L= OREERITH 20nmpp TH Y . AR ER 3TN/m, [EA R
#h$% 276kHz TH 5., alf 4 7 AEIEIT, Fig.d-8 L[AERIC OV ICERE SN T
W5, AF¥ ¥ A — RiX bdsec/Frame TH 5, XD L 9T YY) LV Lk
(Z2ETe T<T MEPBIEZ SN, Zhid, FMBRIHEIEOKZBRIZEY BT L
N—DFREIRME A 20nmpp £ TR THLE L TRIEDHRCE LoD &2
Sd, XH, BEBEOHLHED T AV TRABNRZR2L 20, 74 0h
BICHORZA M LIED, B TRT LI T EO2 =y FOFIR T TV
Do ZHUFTAF X HUTH o F LN— OB BBIR E (S H L 7o 7ol #h
BERIENC KT DR ORI HEIR T O BN Lo Teld EEZBND.
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¥(Z FM Demodulator To 5 PLL & ZDJH Y Ol % WrEks ¢V, PLL
D IC %4 50°C TIRERET 2Lk BE2NA -, ZOKRIZEY FM %5
iz SPM HllfHIR DB AL 3 0 DL T, BT L AN—DORIEFIE D IV
BN FRER L EEIC /D, 7277 L, |REIFZEFIC LY 2 ClThF s
TW5, Fig4-10 i, A v > ¥ X2 20x20nm2 OFEE TP Si(111)7x7 1
O NC-AFM B Th 5. 7 v F L AN—IIAFTARERL b o & b BEFIREIZO KX\
LOEMH L, OEAREEKIL 400kHz UL ETHY . SR EHIT 100N/m
UETHD, IoF L AA—ORBERITH 10nmpp TH Y | Fig.4-9 O 531252
ELTHWDIZHEb LT 8y 7 M3k 256Hz TRO X ) IZIEFICEE L
CEBENE LTS, BB T RAEE L LTE, FE-R R ol AL 5
EFX Y BT 570, 0.039V OFUELSA T A EZENL, #EX) O 8 % i
Tz 5,

Fig.4-9 NC-AFM image of the Si(111)7x7 structure for a scan area of 30x30
nm? after improved the phase shifter and temperature stability of PLL in FM
detection system. Oscillation amplitude was 20 nmpp. Sample bias

voltage is 0 V. The frequency shift is approximately 140 Hz.
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£ 4-1). @20 5Es-RB O HhoAEL (FG) Flii., R THEEITE 5,

F'e %5- (4-3)
f0

Fig.4.9 & 4.10 ® FIZOWTHER L THA D & £i£40.0388 N/m & 0.013 N/m
&720 (Fig.4.10 DA Figd.9 O LT O FG THIZE S TWD Z & 1IT72 D,
BLFERNZITIRIE O BN B 2 T2 O E OFHMIL TE WA K/NBIRO ik
LTI DAEMER S D LB 2 Hivd, Figd. 10 /NS W AR

TE LIRS 5 -8H & LCid, PLL OREREE DM LY H D08,
o F L= DGO TR & ER ) DB/ S LIt 2 E N EHER &
HEHIL TV D

Fig.4-10 NC-AFM image of the Si(111)7x7 structure for a scan area of
20x20 nm2. Oscillation amplitude was 10 nmp-p. Sample bias voltage is
0.039 V. The frequency shift is 25 Hz. The cantilever has a spring

constant of more than 100 N/m and a resonance frequency of more than 400

kHz.
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Si(100)2x1 M ERE

RAD Si(100)DEIEETIE, Si(111)7x7 & OBIEE & RIRICRUB DO 7 v F L
N—=Z i Loy, SREEDBHCIE 5L &0 U F U AA—DIREIBIR N AL E &
720 GBI E S o Tz, ThE, Si OB Si REILFERE (FEE)
LEDEFT22x0F (R x/¥) 2 Si(111)7x7 i &L ¥ Si(100)2x1 D J57
MREL (ZHFF TV 7Ry ROFEN Si(111)7x7 i & ¥ Si(100)2x1 &
DITMRENZ ENOEZGIGSND), WELE D LT LB o F LoS—
DEARBEDEWRIC S 7 T DHORE LT Z Y ~ORENENT S 7s
MolelebTh D, TORTELRMTFNLFT /NS TLH7DI, ZI TR
B F L R—DEEEHANT 50nm JED Au D A8y ZARKEZ LT\ 5, Fig.4-11
1%, 30X 30nm2 DFEIKIZISIT 5 Si(100)2x1 #i&ED NC-AFM g Th b, o F
LRI R EER 33N/m, [EAIREIE 264kHz TH 0, HEHINZ Au 2—F «
YITENTWD 12, 2oL xOBEEY T MIK 670Hz T, FIRRIEILH
8nmpp THD, HDOLHIZHA ~v—FNTBLEINTNDEN, XA ~—LfHxD
J oS h CTEESN vy, Figdl2 X, &K K%
400,600,720Hz(a,b,c) & 7 FEEZZ{LEET2L D NC-AFM B Th Y, A%
¥ L REIR T 50 X 50nm2 T 5 12,

Fig.4-11, 4-12 & HIZTHABIAA T AEEILZOVICEEL TWD, N6 0
T —X1Z, FM BB ORESEZET A OMETHY . W EEMETD
Si(111)7x7 #EEBIZM (Fig.4-9) ICH_D 5L REVERE Y 7 N CTH
T L ULOEBENE LN TN D, ZHUES-FETIC@ < FG 28 Si JF7--Si JH
T 5 SiHT-Au R RIS < FG IZE b 72, LREH-FURHE OBk L 22
DHRNPRKESEEL VDL EEZDLND,
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Fig.4-11 NC-AFM image of the dimer row structure on the Si(100) surface
for an area of 30x30 nm2. Oscillation amplitude (Ao) of the cantilever is ~8
nmp-p. The cantilever has a spring constant of 33 N/m and a resonance
frequency of 264 kHz. The cantilever tip was coated with gold (~50 nm
thickness). The frequency shift (Af) is ~670 Hz.

Fig.4-12 Change of NC-AFM images depending on the frequency shift for

an area of 50x50 nm2. Ao is ~8nmp-p and the values of Af are ~400 Hz (a),

~600 Hz (b) and ~720 Hz (c).
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Fig.4-13 1%, FM #& B O IR E §l48 2 fiti L 721% © 10x10 nm?2 OFEKIZ IS 1T 5
7 7 A Lo Si(100)2x1 #1ED NC-AFM B TH 25 13, B F L A—E, NRE
%5 30N/m., [EAHE L 200kHz Thd 0 | ZREHMANZ Au = —7 1 7 I TW D,
2O L EOREHE 7 MIK 80Hz T, REIRIRIEIIA 20nmpr TH D, KD K
INCF A~ =Dl % DI 508 L TBIE SN TEHB Y . STM TRRICHEE ST
WL A (—HoFA~—KHE), B (CHOF A ~—K#EH), C (FA~—D 13
TRAB) 4 TOXM™ (KFRE) bBESA TS, ZOBEHIBW T,
SAOEMRIL Fig.4-11, 12 L [REBRICHEERS 7 F 2 RE LW E ET L~L
DIFERED R DR oo, L, AT 7 Faz@mElc R&E< L, Bt %
ARBHERE IS ST D Z & AHEIIT S 2 & T, RN S WER S 7 h TR
TBBTFOEND LI oTn, B LTEARRER T T L AA—DIREIRERILZ
ZTHEDAEUTEN, 74— Ry 7 V=7 ORI A T 5 2 & Clake
T& 7o, Bt ARBHCEfSE 2 Z L2k 0, BEEHESD Au 2—F 1 > 703 #
BEL . SREUIE SiRFAHZH L TWD EB 2 bz, Figd-14 1%, Rk 5L
TRELERAENELN TV F LA 2 A —V 2~ 7 un 70—
TNCE A=V 2B HIAE) W LTz & DALY b a), ROHT A%
R L7- SEM #Mb)Th 5, IEBEED 10keV, 71— 7 EHiEA 3.2nA THHT.
BRI T\, A7 MAIERIC Y v — 7 &z IR EHEEL T
H7-% . SEM 4D/ RAEN L 10nm FEEECTH Y | BREHEIHIC ST S LT
DNE I IOGHILTET, FifhEZ o Lic, TORRE Si & Au 31T/
HENTEY, BFULA—EHOMETIZH Au RNERITE > TEH T,
SiNEwEM L TWHAEEMENRE X b D,

Fig.4-15 I%. @/ fERET SEM Bl&24 570, IEEE % 25keV, 7'm—
7B A BTpA IZRE L, EKEF@ b EfEICA—LT v 7 LIERRTH 5.
K, @B EITAT—T% 86°ME LT, I F L A—DIFITEM) HHIER
LTHY, (iTERZ 60°0C L TETEREHEmMNOBIEZE L TV D, &Efifofl
22(0),(dTIE, HEHImEAOPEN L O ICBLEINTEY, Au 2—7 47
RO SiTxt L TREENEWZ B3I S, Au a2—T7 4 VI REHIC
FIEET A AREMEDN H 5, E-0VEN D= T A D Au D 2 IREF R
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MO LY KREL, Aua—T 4 7O LN S LVHLLBIESL TSI L
WM D, ZOay N7 A NETIl el i L CTa b & e R ImH
A TFRESBIEINTEYD, Au LV LASIIZR>TWNDZ Enbnd,

- T, &E L7z NC-AFM B O BEHEIT, Au ZDH O TIEAR <,
O Sidb 2 WITHERRRFIZ A D BT 723D S TIE S LTS B b D,

Fig.4-13 NC-AFM images of 2x1 structure on the Si(100) surface for area of
10x10 nm2. Oscillation amplitude of the cantilever is ~20 nmp-p. The
cantilever has a spring constant of 30 N/m and a resonance frequency of 200
kHz. The frequency shift is ~80 Hz. The images were obtained with the

tip whose coating was removed after the tip touching on the sample surface.
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Fig.4-14 AES spectrum (a) and SEM image for Au coated Si cantilever after
obtained high resolution NC-AFM images and then transferred to Auger

microprobe through the air.
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Tip apex

Fig.4-15 The SEM images of Si cantilever tip with Au coated. The
magnifications are x3,000 (a), x18,000 (b), x90,000 (c) and x90,000 (d)
respectively. The tilts of SEM image are 86° (a), (b), (c) and 60° (d).
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Si(100)EHIZBWTIX, EET 7 ADF A ~—F| VAT AT v 7 (SA AT
v ) TRy 7 Y U TREEREE S NS Z L3 STM BlRlcB W T ST
% 19, Fig.4-16 12 Sa 27 v 7 & & Si(100)£ H D 2 50D NC-AFM 4 %7557,
Fig.4-16@IZB W\ TIE Ry 7 U U ZTHEEDRBIE ST olzxt LT, (b
BWTIX STM B 77 4 A7 — bk ElAkkA Ny 7 ) v THEERBlE SN
TV 18, Z OEEIZE L Tid, STM 4 & ORIFLEF T O g 23 FEH I BLBRE < |
WET STM # & Dl %47 9,

‘{SA,step
L .
_—
-
Buckled structure WS

Fig.4-16 NC-AFM images of Si(100) surface include Sa step. Although the
buckled structure is not observed on the dimmer row at the edge of the upper

terrace in (a), is observed in (b).

4-6-2 7 7 4 7 (0001) RENEHE

ZIVETIE, STM T bR G852 A7 Si Rk 5 NC-AFM B2 Th
ST, T TIHREERMERETH LY 7 7 A4 7T REIZEB VT NC-AFM 2 & 2
¥ TR AR TR ATRE 2 AT,

AEHE LR, ERHPTHR 10000CH T =— Y 7 & fa L, iy —7p 2
T TREERERR ST 7 7 A 7 (0001 26 L7210, %913 3k 2 UHV
B A LARBECRIZE 72y, RRUP L RERICA T v 7RIS IIBLEE S e s,
T T ANTIER - LV ORE T E > =< Bl SN2 h -T2, & ZTH 1000C
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DT =—1 T Eil AT,

Fig.4-17 (X, UHV {2 0.1Pa ® O ZE A L, # 20 43f] 1000°CTT =—
Uo7 L=t ® UHV 21T 5 NC-AFM 4 Th 5, A% ¥ A X% 500x500
nm? (a), 50x50 nm2 (b)) TH Y. WIL(@DF L EIik L TWD, MiHE T
AR BRI G SN0 T, WX Z EY EHIET ST 4 — Ry s
N—T DT A Ek RN LT, B 7 ~OBREENZ EG L L TV 5 (8K
BT MR, ZOBEGRTIE, —EICEEReENBIE ST, Figd-18 (3,
Fig.4-17@D FHIZH 227 7 ANT—E1 0 7BIZHY : £ 0.2nm) 23> T
WAHRHIED NC-AFM £ Tdh 5, A% v ¥4 X1 200x200 nm? (a), 50x50 nm?
b)THH ., ONFX@ITR LG FEIER LD, £, (bIiX Fig.4-17(b) & [A
BRICEEES Y 7 METH D, OITITEHIR 22 E 1 R S 523, Fig.4-17(b)
DA, HALEE T OAFEN R > T D,

Z 2 CRAEEHE 7 RIPT(RHEED) 2 W CR M IE 2 ~ 7 1 7o fHil T
LN T7 ==V 7 %iTo>7-, Fig.4-19 1% 0.1Pa Oz F T/ 1 FFf# 1100°C T

T ==V 7 Lzt EO=ERICEBT S RHEED /X% — 2 (a), X' RHEED /%%
—rbBEEIHINTZHRRATH D, PUIRLIZE DT @b D& 28T 5
HALR7 bV ThHY | A B HESINEE & B 2 612 REMRSE OB~ 7 K
NThD, ZORBELHEEE, 3V3x3J/3-R30°LEZHILD, ZOREIZOW
Ti%. LEED (E&#EEBEFE4MIC & v UHV H1C 1300°CIZakkl &2 nEd 5 LBk
END LI HEND D, Fig.4-20 13, 33 x 3J/3 -R30°E A HH1&7 RHEED
THRENTVWBERMICEBIT D NC-AFM G TH D, Ax v ¥4 XiE, 50x50
nm?2 (a) . 20x20 nm2 (b) TH 5, NC-AFM £12iE. IR L7Z Xk 5 B
=y PR TE, ZhMN3Bx3V3-RCHELEZOND, F(a)lC
Fig.4-18 LIAKEIC 1 PRI - Rl BRI THY . 3J3x3/3-R30°& 1
B ST BETHLZ N5,
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Fig.4-17 NC-AFM images of sapphire(0001) surface after annealing at
1000°C for 20 minutes. The scan sizes are 500x500 nm? (a) and 50x50 nm?2
(b). The magnified image from (a) is frequency shift image (a) and the

periodic structure has been observed.

Fig.4-18 NC-AFM images of sapphire(0001) surface on specific area in
Fig.4-17(a). The scan sizes are 200x200 nm? (a) and 50x50 nm? (b). The
magnified image shown by square in (a) is frequency shift image (b) and the

periodic structure, which is different from Fig.4-17(b), has been observed.
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(a)

(b) (12@ o o @02

11 @

Incidence direction

Fig.4-19 RHEED pattern of the sapphire (0001) reconstructed surface
obtained after heating of 1100°C for 1 hour (a) and the relationship between
1x1 and 3v3x3v/3-R30° in the reciprocal space (b), which is estimated by
RHEED pattern.

-51-



Fig.4-20 NC-AFM images of sapphire(0001) surface after annealing at
1100°C for 1 hour. The scan sizes are 50x50 nm2 (a) and 20x20 nm?2 (b).
33 x 33 -R30° structure has been observed.

LEED |2 X 2#f%2Cix, UHV I CcHICHEHREZ 1400CIC ER S® 5 &
V31 x+/31 R+ HEME AL T2 Z E B3y o T M, 22 TAHENIT
UHV(108Pa &) FIZHBW T, 4 547 1600CTHEIZ T =—V 7 L,
RHEED. NC-AFM %122 %47~ 7=, Fig.4-21 i3 RHEED B2 R TH Y . (a)
73 RHEED /<% —>_ (b) RHEED /{% — /5 SN - ik +Th 5,
BUZR LT2 K 912 @b &I BT D BN ML ThH Y | A" B LY
ETH D 31xV31-RCODHEN AR hLThH D, RHEED /<% —r & LTIk
33 x 343 -R30°IT L ~MEME AT L 2 B 7%, Wik 7 & L CIREALRY h i
Xt A EEEAMN 9° IZB(LLTVD7EF Th D, Figd-22 1E, /31x+/31-R9°
FEED NC-AFM 8 Th 5, Ax v oA X%, 50x50 nm2 (a) . 20x20 nm?2 (b)
Thy, OICVBIxBLEED R 2=y M &RT, @BV TIE, 1 478
YT 2AT v 7RBIEINTEY, —BETFTOT 7 AIZBWTHIE UMHEED
BRIV 5,
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(b)

00

Incidence direction

Fig.4-21 RHEED pattern of the sapphire (0001) reconstructed surface
obtained after heating of 1600°C for 45 minutes (a) and the relationship
between 1x1 and +/31x+/31 -R9° in the reciprocal space (b), which is
estimated by RHEED pattern.
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Fig.4-22 NC-AFM images of sapphire(0001) surface after annealing at
1600°C for 45 minutes. The scan sizes are 50x50 nm2 (a) and 20x20 nm?2 (b).
V31 x+/31 -R9° structure has been observed.

PLEDFER D5 | Fig.4-1Tb T 5L T = £ 8 481513 34/3 x 343 -R30°H# 1%
ThY, ith¢wb%Fg4ma’ﬁ%éht1%%ﬁ?ﬁot%ﬁ’ﬁ
N TV R E ST V31 x V31 -ROHETHH L BEZ LN D, 2D L 5 ITHfE
et 7 7 A T RENTEBNTIE, Ix1 fETIERLS, 20 6 fFiWEFE IS
B ST, B Barth & ORI T, V31 x+/31 -ROHERE 1A S 7= 1x1
gL HRE DS TWa, 20 Ix1 ML, MG TIIBIERTE . Figd-17
R 4-18b L [AIERIZHAE S S 7 METEIZ L TW\WbH, £7z, UHV F1ThD 1300°C
ERZDEBOT =— LB EEIEME D K L 1x1 i & A S & 5 sUEHLERIC §
HET2LENRD S, SEIE, M T V31 x+/31 -ROHEE SRR IC B S -

L EOIRIE TP 7 MRIFHER L TE LT, Ix1 EPBETE N E D
MEIARATHD, LML b, Ixl fHiEOx2=y M A XX 0.5nm BE TH
5HDT, BEANZIX HOBIEN R Th L B bND,

4-6-3 RY7OELY T4 IILLDEE
Y77 AT OBRTREIEENBRERINTZN, 20OV A XX 3nm RETH
V. RS REIZE LN o T, FITH ) —o0HEmRE L LT, RY
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HTHATERSY) IR LTV ERY 7L g %%ﬂﬁ%bﬁmmb
TWHEERLND 77y MemhBBlEETtE 5, TORLREIZAI0HED 7 7 &
v hEEZ LN, OITRT X DI 5x5 nm2 OFEIKICBWTARY e 'L gy
TN B SN TV, Fig.4-24 1%, i-PP oQ10)EHD 7 7 &~ MBS
EHTETATHS O, c mcy T#HAH Y bEARICERE L C D
DIZH & CHs DA L TW5A, CH3lZONE £ DI TWDHN, TNEND
TCHREEIFIXFICRLIZEBY ThD, KPR LY 7 7 E T & o
DTS L, Figd-23b THIE I TWAIEELEE X bND, A AMIZ
IEF—H L5,

ZNETOWETIX, Snetivy HA i-PP @ o BfES 1100 EZ2 K& F D=2
27 ME—RTBIERL, A& LEBZIOTFHPZHIINNyF 7 LTND
BT EEBIE LTS 9, LrLARs, HFHOSy X 7 2#ERLTVD
BRI IF F TR A LZEBTHY, 2% 27 ME— RTORLEDEH T
X A ZXDFUNFHARTA RICIRFBR SN TWDIRETH L, £, BED
AFM OEEZ K FEE25 & b5 LTV, UHV IZBIT 5 NC-AFM #152
KV EEEEEDICITHEL TWIRELEEZ LD,

ok 91z, UHV NC-AFM 25 Z L2 L W R Y ~—b & 9 Zeffafgik
IZBWTHJRF LIV DSFERETEDORMBIENARETH D Z B> T,
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Fig.4-23 Observation of polypropylene film. Right image (b) is magnified
in the marked circular area of left image (a). In the right image the
polypropylene chains are clearly resolved. The scan sizes are 200x200 nm?

(a) and 5x5 nm? (b).

0.65 nm

Fig.4-24 Molecular packing model of i-PP in the (110) crystal facet.
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HEEMOBIZE T, ¥ 7 74 7 (1000)F 1 T 33 x 33 61 & /31 x+/31 Hixk
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Aua—T 4T LI F U= HW TR, BIEO & REBIERE & [Fkk
[Z— BH v F U —EEE A BN ik S - 11 DD B FRREBLES AT RE 2
REHIREECElZE L TV D,

FEsE DA T, &7 SI11DOREE AFM 27— ET7 7 v v v ZALE
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EBL, AR T % OFF REETHFELEAN L TATEDET), W Tl 4%
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5-3 Si(111)7x7. KU Si(100)2x1 KEDERE

Fig.5-1 & 5-2 I, AF v P14 XA 16x16nm2 OFEIZHIT 2D Si(111)7x7
& D STM(a), & O NC-AFMM){£ TH 5 U, NC-AFM GEIE TIlIh v F Lo
—OFREIRIET Fig.5-1, 5-2 TZNEHA) 20, 3nmpp TH Y . AT 7 M
FNENH 50, 350Hz Th 5, STM BBIERHZIE N o F L AN—OFREITIED
RE S T ABE 2V, b xVER 0.1nA TEIE L7-, STM £ & NC-AFM
BITIE CHEIZ R L TCWAER, 2ARY 7 NEICEANMNETINSHT2D, 24%
DAF v A ATHELEGSFE Uk e X—A7 v 7 LT\ 5,

Fig.5-1 STM (a) and NC-AFM (b) images of 7x7 structure on the Si(111)
surface in the same area of 16x16nm2. The STM image was observed in the
constant current mode with a tunneling current of 0.1 nA and a sample bias
voltage of 2 V. The NC-AFM image was observed with a sample bias voltage
of 0 V. The cantilever has a spring constant of 37 N/m and a resonance
frequency of 276 kHz. The amplitude of cantilever is about 20 nmp-p and

frequency shift is about 50 Hz.
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Fig.5-2 STM (a) and NC-AFM (b) images of 7x7 structure on the Si(111)
surface in the same area of 16x16nm2. The amplitude of cantilever is about

3 nmp-p and frequency shift is about 350 Hz.

NC-AFM BIZEB W\ T, I F L AA—ORERIED 20nmp-p DL IR 714
W7 U TICBE ST DD, BEEFDSFEEBHI AL L TV 5 & b 5 Eig 21k
W& 5 (Fig.5-1b), L L STM(a) & k4 % & KHPICBARAITR LI L 91T,
STM B CTlxt ¥ —7 K7 bABKITTZEHICBEINTWDHDIZHK LT
NC-AFM & TI3o7 R 7 F A LRI L IR ZTWD, HICIREADREITR
L7 E TR, STM B Ca—F—7 R7 FABRBEINTHDHIDICK LT
NC-AFM TIE7 K7 hADBRBEEINTWARY, Fo, HAERKAHIO X I
NC-AFM & CTHEMO L 512KV EN-> TR ZTWDHEATN, STM £ Tl
FRFNB AR TH 720 | EFRREIZR > TWARNWE S IZBEZEIN TN D
STM #2213 NC-AFM Bl DO EZ I/ T> TN H DT, A7 < &t NC-AFM & T
BREt B U2 & b 2 UL & 0 F oMk T, BREFASEENC 8 ik L C
JRF 5B - AT 2 TREMEIT A 220, o TZ DR DEW L, STM 413
JRF-DOEFIREERE, —J7 NC-AFM BIFEREH-BHEICAR T3 2 51 D AR A K
B LTV D & o 2RI &0 D15 B (REH-FURHE o A BLAE ) 0
WZEDbDEEZ NS, STM GITWAET X &2/ 72 M0 & 13 D JEIR

ERTZEND D, REVTR LICEDICEZROKRE T AR T LSs—HEt
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ZRWVIEEWH, NC-AFM TIIHER T HAREMER S H 2 2R LT 5,

Fig.5-3 1%, A ¥ ¥ %A AN 16x16nm2251F 5 Si(100)2x1 1> STM(a).
K OXNC-AFMMb)& TH 5, TN ORI 2 OB CaE L T\ 5, STM
Bezix, B 7 AEE-1.5V, I RVER 0.2nA TH D, NC-AFM @42
X, B TF U AR—DOREREIA 20nmpp. BHEE T 7 23K 80Hz Th 5,
STM BEICEB N T H I o F LARA—DFIEL R STV 5

Si(100)2x1 fi&ic L < BN D Ka (A, B, C?) 23, STM, NC-AFM # 4tz
BRI TWD, STM BIZIT NNy 7 U o FHEENHBICBIER STV D08,
NC-AFM @i SN Tk 91tk 2 5, STM 4 Tix B RiaDBEZ C
RIGAS 2 DU ATV D AT H BO)X C KKafE TNy 7 U v iGN TES
TV ENGoTWD 2, Figh-3a 2B\ TH BC KIEDFITE D IZ- & YN
v 7 U U T REENBE SN TWD, NC-AFM B2 W TikFEEEZ BC KD
THHMER Ny 7 U o THEEITHER TE R,

STM % & NC-AFM %% [F) UHE$t 21 L7z mifg & U CHMICHKR T 2 &
NC-AFM TiEF A ~—NiE-o XV S TE Y | BIZZOfEx DT 68153
ENTNDEDICK LT, STM B T & A ~—D4BE b INEETH 5, it > T, STM
£V NC-AFM OS5nd7a LHAKEFMICEAL TRaRETH L B DN
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Fig.5-3 The STM image was observed in the constant current mode with a
tunneling current of 0.2 nA and a sample bias voltage of -1.5 V. The
NC-AFM image was observed with a sample bias voltage of 0 V. The scan

size is 16x16 nm?
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TOLERIA ~—FRImD LA ~ =0, TEZA ~—FIFEINELTWDZ &
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Fig.5-4 STM (a) and NC-AFM (b) images of 2x1 structure on the Si(100)
surface taken at sample bias voltage of 1.2 V and 0 V respectively. The scan
sizes are 16x16 nm2 of STM (a) and 30x30 nm?2 of NC-AFM (b). The same
area as STM image is shown by the square in NC-AFM image.

Fig.5-5 The STM image was observed in the constant current mode with a
tunneling current of 0.1 nA and a sample bias voltage of -1.5 V. The
NC-AFM image was observed with a sample bias voltage of 0 V. The scan

size is 14x14 nm?2.
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Fig.5-6 NC-AFM images of Si(100) surface include Sa and Sg steps.
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Fig.5-7 STM (a) and NC-AFM (b) images of Si(111)7x7 structure in the

same area of 18x18 nm? after an oxygen exposure at 1x10¢Pa for 2 min.

Fig.5-8 1%, Fig.5-7 O@lEt%, MO &2 EHLHLEIZRE L, 5x106Pa O2 5%
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Z & & NC-AFM T 7 +2 160Hz LS. Fig5-7 LRI TH S,
NC-AFM #2381 2 JEHE 7 M3 Figs-7 L0 K& 2o FiNE LT,
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Fig.5-8 STM (a) and NC-AFM (b) images of Si(111)7x7 structure in the

same area of 18x18 nm? after an oxygen exposure at 5x10%6Pa for 2 more min.
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Fig.5-9 Serially observed STM and NC-AFM images for 10 min. STM
images are ¢, d, g and h. NC-AFM images are a, b, e, f and i.
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Fig.6-1 Schematic diagram of electrical potential variation with voltage
applied between the tip and sample. (a) When Vbhc=0 a electrostatic force
corresponding to the work function difference between the tip and sample A¢
acts between the tip and sample. (b) When Vhc=Ad/q (¢ charge) is applied

between the tip and sample , no electrostatic force acts.
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Fig.6-2 (a) Schematic illustration of the tip voltage dependence of the
frequency shift for a grounded sample. The tip voltage oscillation is
Viip=Vbc+ Vac sin(w?). When the Vbc=Ad g, the signal of force gradient has
a period of 2w, and when Vbc#Ad g, @ component appears as a modulation by
the oscillation of tip voltage. (b) When the amplitude of @ component is
detected by the use of lock-in amplifier, the output of the lock-in amplifier
becomes zero at Vpc=Ad/q, and it corresponds to CPD between the tip and

sample.
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Fig.6-3 Block diagram of the NC-AFM system and the CPD measurement

system.

AEIR N TO CPD OEWARIES 5 51k E L TE, ik SKPM LIAMZ
Fig.6-4 (2”79 K 5 728> 7 s OBRSt — B BEER D —7 (£EV I —
TEMES) ZHEL, DO —TnBRDLGENRH D, ZORIEIZ, STM IZ
BiF 5 LVH—7< CITS(Current Imaging Tunneling Spectroscopy)ifll & (ZtH
B9 2 DT, BARAITITERE-FUR I PRAE 2 — IR FF LR B CHEB D o

ABEEESE 2O L EOEWE Y7 FEHET 5 (Fig.6-2a DOFE/0Z-V
71— REIHY),

AREBRIZIZ, T_RTOT—HX L 1x108Pa LA FOES FCTRESNTWD, ff
AL F U R—IHIRD Si o FLX—Th Y | FOEFIRENE K /I
EFIZZNZH 300 kHz &0 50 N/m Bt Tdh 5,

EVI—T7DO~ v 7 TiE,128x128 MFEIZHB W T K HE Z L2 NC-AFM
B £V I—TEUELTCND, £V I—TIZBIT5REAA T RAEBED AL
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—E, 1V 51V TH Y | AA —7HEEN 56us/A T 128 S THIE ST
Wb, vy BETICET HRMIZ N 3 Th D, 0. EVI—TOHORIE
TliX. AA —7 AN 1ms/Fi T, 1024 S THIE LT,

SKPM #1£2Tid, HEHIANEL 2 kHz, $RIE 2 Ve-p Btk O IREL 2 HIN L
TRV, 5615 CPD HIZalEHE & U2 IRSHEMN ThH D, BIRTDOAF v
A — KL 1.7 s/line TH Y . AE~DEJEZAEIT in-situ TIT> TV 5,

Bias V

FM Demodulator Af 1

output

Y

Bias V

<>
CPD
between Aand B

Fig.6-4 Another method of CPD measurement without SKPM function.
CPD is obtained from the bias voltage dependence curve of frequency shift

(£ Veurve).

6-4 EMMERIZD NC-AFM BRI E5E X 55E

Fig.6-5 1%, TREHIHINT 234 7T AEBEEZZ LS & 20, IZXFRGEE O
NC-AFM @ OZ b Z R LTc b D THY | ZhENOEEFT(@) -1V, 00V, (@1
VThod, iEHE, n B Si(111)7x7 REIZ Au Z2&KE%, 7T=—1LTDHI L

-79-



TR S D TxXT L Au 25T bx2 MEENILFT AEEHTHY . AF v
P A A1 50x50 nm2 TH D, K, KENIFLCF 7 2Rl TWE, Kb b
MAHEH12@E () TIL, TxTHEEE x2fEID a2 F T 2 ML TV 5,

(@ h=-1V (b) h=0V () h=1V
Fig.6-5 Change of NC-AFM images when the bias voltage applied to sample

was changed.

ZDEWERRICT 572012, Fig.6-5 FIZR LIEALE CHMI LT A 7 'm
77 AN%E Fig6-6 -7, 20777 A, ENENOEBRITIBT 5x2
SR ASERIRNT KT 72 5 (R UHEEEIC 22 %) K 5 72 0B 8l S 7= 2% S &
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TEY, W1V TIRMATWS Z ERb15, 720V Tl B Cidpsl
LTV HFTEHH03-1 V ORE L FEERICMATEY . AT v 7OES
I EHD RO NS 0.31nm LY /PSS HEIESH TS,

Z DX DT NC-AFM BTN TEHSH-REHH OB Z 0V (BEEF & Uk [FE
A0) WL THERMFPRREREIZRE KM L2NWZ ERH D, ZIVUIAEBORE
#HZxt9 5 CPD B2 LH7-2OELTE D EEZLND, £ T TxT KN 5x2
TEdk DIEEH XD CPD Z 345 723, FHEICBWT AV I —7&2HIE L
72, Fig.6-7 %, Fig.6-4 \Z/R L7z HIECEIBOKBEREEINA T AMERIFIE D —
T EBE L, KF OB TR LR O O — 7 &R Ui
RTHD, THNTITIEEFELENF 0.4V T 7x7 KON 5x2 (IR O #ES 113 5
INETR D TR IND, F TxT SHBIZBWTX BT 7 2 & FlloT A
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ETIXEDOH —7IE—E L TEY | 5x2 fHIE & @ CPD (X2 1D/ s D 72
MHK 0.1V THLZ ENRbnd, HFEAKTERIT D & 5x2 D TTHY TxT7
P DA 0.1 eV REWZ LIy | SRt FHREABITIZEN LY BT RE N2
L1272 %, Fig.6-8 1%, FHIMITHES I DRENR/NE 72D 0.4V OLRSFEE
TBIR LR TH D, FEHFUITRSNTIMEICIBIT L T4 T a7 7 AL
1% Fig.6-6 I CRLTh D, 2OTa 77 A N5 RAHRYICHBWTIL, FY
FNZE BRI DR BN/ T2 D3, T AEEIZE N T, L0 IEME72 %1
FHRRERKM L TWDHZ ERDND
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Fig.6-6 Line profiles of NC-AFM images of Au/n-Si(111) 7x7-5x2 in Fig.6-5.
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Fig.6-7 £V curves on the 7x7 and 5x2 structure on the Au/n-Si (111)

surface.
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Fig.6-8 NC-AFM image at V7=-0.4 V.
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PLED X 51z, i o NC-AFM BlIE21C B8\ TR RIS R HE & & D iEk
N DA, TOEME FfEKkE O CPD 2% 8 L TSI 20 ERH Y |
ZOHREEHDL —DODOFELE LT EVI—TOREREHTHDL, 2D LV
—7EWETHZ LT, FEE-RBEICEINT 2 EEO NI S & XV, F6Ek
& BEITAME E O CPD T 6 OFE L PREH L D CPD b3R5 Z &N TE
Do

6-5 Si(111)7x7-5x2Au RE D BB ELE

Fig.6-9 1%, F—1REFIC 7TxT7 #1E & 5x2 #ENEAET 5 Au/n-Si(11DFHIC
BT 5 NC-AFM 14 K ) CPD B4 [RFFCBIZ L7 b D Th D, Z OXRmEEX
Fig.6-5 LRMETH D, Au 2—F 4 7 L= B o F LAA—Z BN &4
TIRETREZ 7T vy 7 Lz e XIT, B F Lx—D Au 25ilkBh s B O g i
AL VRABERmMIABZ L EICEIVAELELDOTHD, Ax v A X,
500x500nm? (a, b) . 100x100nm? (c, ) TH Y, -0.16V DL A 7 R EE
PHIIIE TV %, CPD 88122 CIxEEHT 1kHz, 3Vp-p OAREE A FINL T
B, FIATARBEDE® Fig6-3 R Licuy s AT o7 xEn
2T 272D Ve DEIET 4 — RNy 73 fTo T, - T, CPD #&lin
I AT T OMNEE EREFORT DR TEZE L T\ 5, e,
BN T AEEEZ~Y AT AL ZIZCPDENRK < D Lo IZELTW
%, bbb, CPD B THRIWVIZ EMEFRBABNRENE WS Z LIt 5,

Fig.6-10 (X, 7x7 MO 5x2 #EE DR DT BEE~DBILEHIIMT A > DR
DI FVEFRHT A 28 L CSTM B LM ETHD, AF v
P Z13(a)3 1000 x 1000nm2 TH Y . (b)iF ()27 L 7= Hl(50 x50nm? ) & 7k
Bl 7 AEE 2V, b RVER 0.1nA DL TRIZR LT\ 5, STM Bl 5
7T A FIAER S BT TS 8IS 5x2 & TH D Z EBmnb,
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Fig.6-9 NC-AFM and CPD images of the Au/n-Si(111) surface containing
7x7 and 5x2 structures. The scan sizes were 500x500 nm?2 (a), (b) and

100x100 nm? (c), (d) for NC-AFM and CPD images.

fit> T, CPD BICEIT DRI 5x2 HEEECTH 0 | TxT & 5x2 fEIEH
FARRICGRBICTE 5 2 L WbaD, (C)D NC-AFM 42 B\ Tk Tx7 fiE oo =
v MEANRA v 2 RIS, £72E ED 5x2 FEE TITE MR 7 1 v BICBIR S
NTWb, ZOXIBRARBERBRERIZ/>TLE-BIH & LT, HEHER
DEBENRKE VLD LEZHND, CPD BICBWTIE, BOIE EEFEREES K
T (FBEAMEW) Z 2Rl TR, BB, 7T AEEZEIEL L X

-84.



DRy I AT T ORNNOZEDOELBNBET HEH 0.45 eV 72D, =
OFERN D Au FTe 5x2 f&FrE X, n-Si(11D) M D 7x7 FESIEE & 0 AEFREEH
0.45eV K& W Z L1272 50 Fig.6-7 DH — T bR O T & K/ANBFRIT— T
HHDOD, ZOENPKEL IS TND, ZIUL, 5x2 FHIRO Y A X2 OFEI T
D Au GHEDOEWVIERTLI LD EEZ LD, 0.45eV X, VL7 T Au &
n-Si OEFEKAZ L L TV D T —F BIC X DITWVETH -7,

Fig.6-10 STM images of the Au/n-Si(111) surface containing 7x7 and 5x2
structures. The scan sizes were 1000x1000 nm? (a) and 50x50 nm? (b). It was

possible to distinguish between 7x7 and 5x2 structures in (b).

6-6 SKPM IZ & 5 & fREEERE

ATTEC FM i & vz SKPM (2B W T, Au 284875 bx2 i L Tz
A LW TxT AEEDNARICXBI SND Z E 2R LN, RIry 74T v
TOMNEERIZTH 74— NNy 7 ZEfESE, BICEOMRETHIZETE S
AIREME A R Lz,

Fig.6-11 i, Fig.6-9 LA U< Au 27K E% T =— /L L TH LD TxT kL
5x2 HEENRAET D Aun-Si11DFEAICE T D NC-AFM #4(a) %8 CPD #4(b)
FRIFFZBIZE LT DO TH D, 2 2 TORFIIAEWEEZ AT Au 2306 = m
ICARBFELTND, AF v ¥ X 30x30 nm2 TH Y, FEE-EHE IC 2kHz,
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1Vp-p D EBIEZHIML TS, KD X 512 NC-AFM #721F T72< . CPD #
LR LUV REE TR ST\ b, TxT i & 5x2 s O R A EEAL
721X, CPD MR L7z Al & A2 TOZEDK 7T0meV TH Y, Al & A3 D%
250 meV Th 5, Tx7 & 5x2 O K/NBEFRIZ Fig.6-9 & —ET 503, £ OfEIT/
EL o TWD, ZHUFFEIKO Y A XEFT H720 T, BRI K
MAEEHTHL Z LITERL TV EZEXx 6D, LrL2RRD CPD BICiX
XTHEED 2 N T A LB TE, CPD BT Oy fREeE & LR+ L
~YLIZEL TV S,

Tl & B 5k NC-AFM BIZEB W TBIE S5, T DO —Eoki+
23 CPD BIZEWTHERWAR Yy FE LTI TS, Fig.6-12 1%, Fig.6-11
DBIEBRI T L — L2 AF v L TH B LI NC-AFM(a) & CPD(b) D E# T
HY . AF¥ v A AT 2020 nm2 TH 5, Z OBIEIZEB W TIE, NC-AFM 4
DORIFDIEE A ED CPD BIZBWTEWRIF & L THIZESI N TWS, F1g6 12
® NC-AFM 4(a) D 7T &N 7T 4 A7 — DO STM A D X 5 ([2#E S
TWADIZK LT, Fig.6-11@) TIE 7 4V RAT— D STM 4D L 5 ICHIER S
NTWD, ZOXIREBOFENT, A v I ERE AR (S HEfih L
BN F L XL T LD EEZ LD, Fig6l12 2B W T
NC-AFM B DHi 125 CPD Tl L A LR T3 E UL D ICH < B ST
HZEMD, Fig611 £V Fig6-12 DHFB LD ELWEHBBETHDL EEZD
n5, 7725, NC-AFM TIEF U 7x7 #i&E 2823 L T H IS ORETH A
AR AT T DN, =277 4 A7 — D STM B & FRFRICR A 72 FRED
NC-AFM iZiEne o 2L Th D, D &b CPD BBk W T
CPD # L RIRFICBIZZ & D NC-AFM @120 L 5 I2@lgi s L 5 ikt %
WEd 252 ERMNETH D,
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Fig.6-11 NC-AFM (a) and CPD (b) images of an Au/n-Si (111) surface with

7x7 and 5x2 structures in an area of 30x30 nm2 Average potential

difference in the CPD image is about 70 meV between Al and A2 and about
50 meV between Al and AS3.

Fig.6-12 Magnified images of the NC-AFM (a) and CPD (b) of in an area of
20x20 nm2.  Obtained after observation of Fig.6-11 and then several

scanning.
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Fig.6-13. 6-14 % Si(111) 7x7 #1&I2 Ag 275 L7=F i D NC-AFM #%(a).
K OVCPD #(b)Th 5, AF ¥ A RFHIT 20x20 nm?2 Th 5, Fig.6-13 1T
BWTIEL, NC-AFM 2 TO R WBERN Ag 7 7 AXITHY LTV D 6O & HEH
TE, KPTICRLE TxT EDO2 =y FOFYFITESEMICRE L TNWD Z
EBDND, FNHDT T AZILCPDGTETIL < A D EITIE—L
TERY, IXTHEED TN Ag 7 7 A% L VK 10 meV EFREEMN RE WD L2k
%, —J7. Fig.6-14 1X Fig.6-13 LV Ag DWERNRKE <, REEEKN Ag 7 7
AL DNTEY . £O—HIZANAIIRIC Ag b L TWnbd, Zd CPD
BIZE 5 L. Ag OREELFEIKD 52 Ag 7 7 A% LD ) 20 meV EFHEEEN K
SVWERBEbLLOND,

ZD XD IRA LIV TORMEEN A 10 mV R L OENL 53 ffRE CBIEE T
X5 BT, ZOBEKR COBEMNENEE RO FEREKOEE L
TWA D E D MITENTIE ARV, S1 (EFREBRTIE n- &) & Ag & OfFHEK
DFEF, FEROFARL Si O F—78ICH X 28 EITVE 19 THY . D
729 Fig6-130) D Lo 7fKa > N T A Mot b B X OLND, £Z2 TS &
DRERIMEFEENREVE SN TND AuzZE L, TOREEHLE LT, 7
WD X HIT, D EbT =—NHBD 5x2 ik L TxT7 i L T, et
HEAR DO LR & [FERIC Au 25T 5x2 fEI D HFAMEFEAHI KR E BRI N T
W5,
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-0.30V

-0.26V

Fig.6-13 NC-AFM (a) and CPD (b) images of Ag deposited n-Si (111) 7x7 surface in
an area of 20x20 nm?.  The feedback of Vpc voltage to the tip is made.
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Fig.6-14 NC-AFM (a) and CPD (b) images of Ag deposited n-Si (111) 7x7 surface in

an area of 20x20 nm?.  Ag coverage is higher than in Fig.6-13.

Fig.6-15 (%, 20x20 nm2 DA ¥ ¥ WA XZEITH Au 2Z&%E5 LT p o
Si(111) 7x7 £ D NC-AFM #(a). KO CPD M) ThH 5, Tx7 £ LD Au
7 7 A5, NC-AFM & ClEAVIER & L CRIZR ST Y, CPD & CIXEN
DETEBEINTWD, TRLbBAEFEAKE L UIhE<BEIN TS
itk D, L, MPICREITR LRSI BN MRS BERIhTE
V. AuZ 7 AZ LITRRLMETHLZ L 2R L TWD,
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HIZ Au 27875 L Au ORI, Fig.6-15 & RIROBIE 21T o IR %
Fig.6-16 IZ/r9, NC-AFM &5 Au 7 7 AXPRKEL 2o TWDH T LR pn
55, CPD %oz T & M Fig.6-150) L FEETH Y . Au 7 T A X DENL
NEHEINTND, Fig617 IX,. Ag ORBICHWEREIEFR L n- o
Si(111) 7x7 12 Au Z7%% L7-354 D NC-AFM(a) & CPD(W)4 T& % 73, Fig.6-15
EFRRIC Au 7 7 2A 2 DEMPEm LS BE SN TN D,
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“Bo01av
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0.18V

Fig.6-15 NC-AFM (a) and CPD (b) images of Au deposited p-Si (111) 7x7

surface in an area of 20x20 nm?.
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~-0.30 V

-0.35V

Fig.6-16 NC-AFM (a) and CPD (b) images of Au deposited p-Si (111) 7x7

surface in an area of 20x20 nm2. Au coverage is higher than in Fig.6-15.

Au ZRAEDFERRIT Y T2 - TiE, Si L DAEFEREEARE W Au 27855 LI2E 6.
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CPD4TIZAuZ T AZNSi#H (Si7 F7 ha) Lo BlEsns &
Sz, LN s, ZOMEIT Au 7 7 A X OHEFEBEBO LN Si 07 KT
FAXD/NSSBEINTEY , RO FEROE LT3 Th D, £z,
7 T AL DENMDOTNEL 2@ AT Ag #KE LT & LFEILTHY, RO
B (p. n) IZHEEINRN,

040V

-0.35V

‘0.30V

Fig.6-17 NC-AFM (a) and CPD (b) images of Au deposited n-Si (111) 7x7

surface in an area of 20x20 nm2. Au coverage is similar as Fig.6-15.

T, ZOX I (NC-AFM 8) & BW—EZ R+ X9 T L-b
DZE S fFRE A 52 CPD BIL, (MAKM L TWDDEA S h, KT EZRITH
RN EE, 2O O EL KL TNWDLD0, Tive b T —
TATT T NRONTHD, BEFEELELTUL. Z7 40— Ky ZRBIEIZ L D HE-
AEHH B OB 72 TN CPDED 2 L L THAL TV DD TIERNMNE WS &
EPRERIND, £ 2 C, CPD OEE-FURHE BEHEK AT IEO A A M+ 2729
(2, CPD O 7 MEFMEZIIE Lz, ZOWEE LT, Fig6-18 D7
By I HEAT 7T MORT K OIJEEE Y T N ORI AN T AR FEE ) — T %
HIE L, B 7 MR ERDAE, TROLEFERND RN IR DA
MERER I 7 MCRIFET 2089 »EET D, AT —7OREF L, @
WO ZET7 4 — Ry 71BN T, Bl 7 FEaREL, Z BV ICHIN
5 BIEEZ MEERTOMIRFFES N TN D, T2 b ERE-FURHHEIEERED — B IR
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Fig.6-18 Block diagram of measuring the sample voltage dependence

curves of the frequency shift.

Fig.6-19 1%, Au 7% L7z p-Bo Si(111) 7x7 R\IZHB T 2 E 7 Fo
REIAAL T AR — T HJE L, 2 RAUCT 4 v T 4 v 7 SHERHER (K
o KR 1 TR ET 2T ay FLTWD) LEREEY T NERERED
25Hz ® & %D NC-AFM 14 (X4) ThbH, APEIZBVTIE, 39mV Ok}
NA T AEEDSHMES I TEY |, 25Hz (O ERE S 7 MR E CHRL B
INTW5,
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Fig.6-19 Fitting curves for sample voltage dependence curves of the
frequency shift measured by varying the set point of the frequency shift on
Au deposited p-type Si(111) 7x7 surface and NC-AFM image at 25 Hz of
frequency shift. The sample bias voltage during the imaging is 39 mV.

Fig.6-20 %, Fig.6-19 OHIERE RS CPD O EY 7 MEFHEE LTE LD
TR THD 12, AW 7 bEREL (A FAFMND) T 213 EEREH-F0R
FEEEEL/ NS <220 AR 7 M3 25 Hz C Fig.6-19 Al &L 9 7251
PO TWD, 5 Hz Ll EDOEHE S~ F Tk, CPD X 15 mV U TOIES
DETLELTEY, ZhiE CPD MERE-BHHIEMECKFE L2V 2 & 2R
LTWb, £727 =74 777 b EIPREICL TWD Fig.6-15(h) D X 5 72
CPD BIZEBWT, 7 RT7 hA L ZDEIY & DOEMZAZITZ60mV ELEH Y | Z i

PR EEINTWAS 25 HZHETO CPD DI 5O X IR+ KX MET
H5b,
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Fig.6-20 Frequency shift dependence of CPD between the tip and sample,

corresponding to the tip-sample separation dependence of CPD.

UbD Xk 51c, CPDBTOFRF LDz bT & ML, EeH-308H R FEEE K
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&L R LAV OREBNBILE TS SNTEBOREESEMRD Si D p, n
NZBAD LT, @R 7 AZOBMO AN ESBEIIL, £D T T R Z Dk
69 % LBANMELS 0D, ZHITRATEFEEZ B L TV D & AR U3
fRIND, Thbb, IxXTHEDT RT NAIF TV IRy REeRb, £2
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TR EFB E OBRIZ E S R D O E R L CTH D, Fig.6-15,
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Fig.6-21 NC-AFM (a) image and the calculated CPD map (b) taken with a
sample bias voltage of 39 mV in the same 10x10 nm? area shown in Fig.6-15.

The CPD map was generated by calculating the CPD from the -V curves.
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Fig.6-22 (a) NC-AFM and (b) CPD images magnified from Fig.6-15 to an

area of 10x10 nm?2.
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Fig. 6-23 CPD profiles at indicated lines in Figs. 2(b) and 3(b). The CPD
found from the SKPM mode is indicated by the solid line and that from the
f-V data is indicated by the dotted line.
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Fig. 6-24 Extracted f-V curves at the left and right sides of the corner

adatom and on the corner adatom, as indicated in Fig. 6-21.
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6-8 &5

B2 "TEE7: UHV NC-AFM & FIERIC, EREZAYREN T & F LS — % v
THBXNOAE Z BT 5 0 UHV SKPM % Bi% L7z, Ag XN Au & 7%
# L7= Si(111) 7x7 FHE O R mBABILE TIL, 10 meV FEE O BN/ fiFRE TR
VAV DBMNDIAAEBET HZ ENTE T, B VL OENM A IEFR O R
FTETEEENM L TS EMRT 52 & Tl cE, RN FEEKED
W L I T L B LW ERnbhote, —F, — iRk o
RIZCPD GOy 7 7T ROERENZ ML TEHY , [[LC p BoERIZE
T Au OBFERENREWEAFEARARE S, FRRUHEERLRGIE n BX

p BO G EFBETHARENE VI FERME SN,

UHV NC-AFM B OAEZBE LT 50 L RfkIC, BRSO AR %K
H9 25X UHV SKPM # B3 L, Ag MOV Au %7835 L7z Si(111) 77 i
DERMEENBEZIT o7z, TOFER, 10 meV FEE DO FENS) %%TE%VNw@

BN MEBIEET D2 ENTE T, JRF LUV OBENAMIEZRE O R/ PTrE T
2L TWD EB X b, — IR EREEE Dl & T0nd L —L
PN ERbhotz, —Ji, CPDBONRY 7 7T ROMEE— R 7L F R
AL THEY, Au OWEENRKE WEEFEENRE 2D L0 I FERNE
b7,

EV =Ty B ZIZBWTIL, A L~ OB CPD 484 FIRiE Th
L3, BB B DHWITEESt O ERICER L7233 EHE O KU 7 MT L0 IEfE
72 CPDENELILTWRWZ Lo T,
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AL Cl, EEAREmIZBW T, UHV STM 12 L 5 &iEdER, K OYR 4
BIEZA[RE7R UHV NC-AFM OBH% & ZDIGHIZOWTHZE L, LT Z & 2B
Sz Lz,

1. SiQ1D)ZFR O @Bl

SI11DREIZIS T D 1x1->7x7 tHEERB IR E (860°C) f+F3r T D STM #£2 Dt F.
ATy T EBEOT 7 AT IxXT MEN T LIV O fRE TSR SN, AT v
TEEDOT 7 ATIIAMMEEN 2R EBBE SN, 2B T 0FR
EHEETH Y, MO TIETO Ix1 G E 7T HENRE L REICH Y35 &
EZzbhi,

860 CHHI CIREE AR 4 IT NI 72 & & Dufife L7c STM BIE0 b 1X, 77 Hid
IAT v 7Ty PO EBENBREILT I ADAT v I FERICKE L, 77 22k
BB N Dol Fo. TXTEEN I > T B e, TOART v
Ty UIE TxT 2=y hO—IITY BRI > T AT EBpmD ., 3F
[HD AT > TR ES = kﬂ%z%hto BRI > 7= AT v Ty D
TxT7T 2=y NEN.TEEOLWTWAD Z ENGND | IxTEEN I Z S RIlE - T
840 CHORMIZIK VT, £ DHENPHER S L7z,

2. UHV NC-AFM | & % Ji 48152

—EMIEST Ao FM ¥t %2 v 7= UHV NC-AFM % B% L. BEIC STM T
TEBIE STV D Si(11D 77 M, Si(100)2x1 fEEDOBIZE, KON STM Tl
B ARARER MG CTH DY 7 7 A 7T LR Y T u L OfEMRIE OB AT
ST, FOFER . Si FEOBIZETIT STM & [FEEZ G2 NC-AFM THIZE S
7o Si(100)2x1 & TIE X A ~— Dl # D F THEECX Tk v, STM ULk
DOREENEF BT, Mg OB TIX, Y7 7 4 7(1000)F BV THRF4
B ETITIIE LR 57253 3V3 x3V3 HEE & V31 x /31 HixE &\ > 7= B A
BENBETE, R 7Ly 7 4V AIZBWTIRY e B L o418
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MR ICBIZR C& e, 2D X512, UHV NC-AFM Tid STM & A% 2, £ilh

3. NC-AFM # & STM %o kg

Si(111) 7x7 #i&, Si(100) 2x1 #i&, K OWESHRE 2 W 7z Si(111) 7x7 Hid
IZBWT STM 4 & NC-AFM 4 & Otk % 17> 7, STM B2 Itk 1 7
ABIEOWHEIZ L > THEBEN R D K 51T, M2 e KRR LS O 1EH
WEENTEGRE RS, —F. NC-AFM Tl3#ER N OFE &2 \ASIE, %
IR REIRZ L0 ERECKM LTS H0 L5 X i, Si(100) 2x1 i
DX D7 X VIEHARAFREICBWTIE STM BLEDKFEFH MO S REENE S5
e, XV IEMARREMEEZ T CE D ARBEN RSN, ETBBELZWE S
R mIZBWNTH STM & NC-AFM # b L bR mERET 52 &
T, EMRREBRPHERETE H7200 T, WERES THI T 5 A[aEMH%
IRTZENTE,

4. UHV NC-AFM |2 & % K Ehr 52

JR 148122 FTRE 72 UHV NC-AFM & [FERIC, FEBSAORE N > T Lox—%
THELKNOARZ B+ 2 0 UHV SKPM % Bi% L7z, Ag KN Au & 7%
# L7z Si(111) 7x7 REIO X E BN BIE TIX, 10 meV FRE OB 53 fFRE TR
VAV DB EBEET DN TE T, R V-V OEMSMIIRE DR
FIBETEEENM L TS EMRT 52 LTl cE, RN FEEKED
R 0Ly —H LWz Elbhotz, —F, —REREEREE oM
RIZCPD GO Ny 7 77 ROENRENZKBEL THEY | [[U p MOERIZE
T Au OBFERPRKE WA FRAENARE <, FRRAUHEERLGIE n BLE
D p OFMMEFEBHTRRENVE VI FERNG B, —RITE 2 b DAL
BORNIHRE—B LR TH T,

rll T T 2 DMLY - B RGO 2 AL D T N A A BRI R
FTZLEDOTERWHERKED A = XL MRAT 5720121E, £ D585 &

-102 -



LIRA A — )V OREERAT IR I EHE B A ], £o, L0 FEHANR
BN I TR AEN G EN D K122, 2o X5 eeHIx L THRT A
=)V COREERAT B L 72 D, 1t > T, AWFZET 800 C A B % 5 =il T TD
JFA- A A — )L T OREERIAT S FTRE T 1 | X HEfxiRIZkt LT UHV NC-AFM
IZE D STM & FEEERIEF A7 — /L COMEMITFRE TH H T & A FAETE
2 lid, IEFICRE AR TH Y, &l STM (FHAE TITIEEATZ SPM & L
TEL OHFEE DAL TN 5D,
HAE DR AZE SPM T, 25K 75 800°C A # 2 2 IS THF L1 o
BENAETH LN, 2RI LG22 OREFHMH CTHIET 5 Z LT TE R0,
T, SRS IRE TOREEGIE S XoEmENE H DN, BLRY 7 K& SPM D A
Xy U THNR—TEX2H5AG~10umIZIMZiATe Z L, FEFICHETH D, Bl
KD SPM 27 —JI2BWTH R 7 MBI 5N 5SS ERE 4
ZRLUEMEREICLY, FREELLFEINDRBIEIRE W, IR
T AT H72DIIE, B J7E TR E 2785k L. PREH & OALEBIMR 2 Ak
BCX2X5CT 20 ERHL, TDO—2>DJEE LT SEM & OEALNZET
bd, BUETIHREAZIZES T, H2OREDOLETZ SPM BT 5720105
53f#HE UHV FE-SEM |2 STM 235 # S 72 v 312 UHV-STM 12/ FE-SEM
PHER SN D & Vo e A EE D Z DB H 5.
UHV NC-AFM {28\ TlE STM & %0, ZALLL O REENF DTV D
. REPFEFDRENELND AT =R LNEH SN TE LT, FOEFED
BUELIT STM (Z A~ EEHEmORBBICIER ICBURIC B S D, NC-AFM
Z STM & RSO ENE - BEMETHEHATE 2 X 5127 570I12i%, BIZLLTFD
Ko ERSELMNERD D,
1) ZERIR TR 5D EREFEHG OIRAE ORI & fe T
2) PREF-HURHR FEEE 2 L) R & < LERSEDSRUBHCHE il LEE 557200 H
T LN — O/ NMRIEFE IR E AR U 1) 1)

3) AEFF M DI b BUBNZ LRSS RN il L < 3 5 72 0 O FEE /K-
“HMOIEHINC LD ZHh T 4 — KNy 7 5

4) BEEHRIED L ENLD =D DS 7 v A & VAL

- 103 -



£72. SKPM (Z & 5 EMGBIEE TR, 1k~ 7 v Ol Tigam S h Tzt
FEBTITHRATE RV EIBELREM M LBIREINTEBY . ZOFF LA
N DENGBIE % Z DT NC-AFM OFERES) & 51 & 3721213, B2 5058
WEE ESND,
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EEE

KRN ZDEIICE L EBICEST-DIL, &b, B2 TYE, ks »
Tl &F L RS E 1 Lt BEZAEBROBETHY . L&Dk
HoOBEEZRLET,

KX ELODHITHIZY, TLCH, BUNCHEOBR 2 W2, ZTHRE,
RO ZEZHY £ U-#RE RPE T LPprsear  BEER A, A L
GILEAE 2 €N 1T N S B 3 VA [ i € g N R 1 {2 S O o A= S

KR ZITT DI ICHT» T, BABBFHRASI X OBRE o B o
RS BALA L EFE3, #ic, UHV-STM &b 8EHETH- 7=
BB R PR I R B O S HIESEKICIZZIEICh -8 L HE LA L
TWelZE £ L, IS, B SAG- 4 7 — A BAENTE R Ok
BEKIZIT, A0F5E HIZHTVEERIN, THEEWEEE L,
MR, DEVEHNELES, o, EROZATICHTE VA2 R TH 1%
W2 7202 SAG- 3 HeF— L OMB(EATEG, BUE 76 P B AT RS 7 /v —
TOEARTL LK, SAG- 4 £ F— 2O KFEFAIRITIEKF N - L E T,

BABIC . AFMT DT 0 BHWERIC Ao 7o, B KR T LRI/ 531
27 1 AR O KA LE T,
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S. Kitamura, M. Iwatsuki
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Observation of silicon surface using ultrahigh-vacuum noncontact atomic
force microscopy.

S. Kitamura, M. Iwatsuki
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Observation of silicon surface using ultrahigh vacuum noncontact atomic
force microscope.
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S. Kitamura, K. Suzuki, M. Iwatsuki
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Atomic-scale variations in contact potential difference on Au/Si(111)
surface in ultrahigh vacuum
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Scanning Tunneling Microscope(STM) for Conventional Transmission
Electron Microscope(TEM).

M. lwatsuki, Kenichi Murooka, S. Kitamura, K. Takayanagi, Y. Harada

J. Electron Microsc. 40, 48-53 (1991)

Observation of surface reconstruction and nano-fabrication on silicon under
high temperature using a UHV-STM.

M. Iwatsuki, S. Kitamura, T. Sato, T. Sueyoshi
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Scanning Tunneling Microscopy Study of the 16-Structure Appearing on a
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Nano-fabrication on silicon at high temperature in a UHV-STM.
M. Iwatsuki, S. Kitamura, T. Sato, T. Sueyoshi
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Dynamic Observation of Ag Desorption Process on Si(111) Surface by
High-Temperature Scanning Tunneling Microscopy.

T. Sato, T. Sueyoshi, S. Kitamura, M. Iwatsuki
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Comparative Surface Studies at Atomic Resolution with Ultrahigh Vacuum
Variable-Temperature Atomic Force Microscopes.

M. lwatsuki, K. Suzuki, S. Kitamura, M. Kersker

Microsc. Microanal. 5, 208-215 (1999)

Initial adsorption process of Si atoms on Si(111)7x7 surface studied by
scanning tunneling microscopy.
T. Sato, S. Kitamura, M. lwatsuki

Surf. Sci. 445, 130-137 (2000)

Surface diffusion of adsorbed Si atoms on the Si(111)7x7 surface studied
by atom-tracking scanning tunneling microscopy

T. Sato, S. Kitamura, M. lwatsuki

J. Vac. Sci. Technol.A 18, 960-964 (2000)

Development of Low Temperature Ultrahigh Vacuum Atomic Force
Microscope/Scanning Tunneling Microscope.

K. Suzuki, M. lwatsuki, S. Kitamura, C. B. Mooney
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Oxygen-atom vacancies imaged by a noncontact atomic force microscope
operated in a atmospheric pressure of N, gas
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An ultrasmall amplitude operation of dynamic force microscopy with
second flexural mode

S. Kawai, D. Kobayashi, S. Kitamura, S. Meguro, H. Kawakatsu
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An ultrahigh vacuum dynamic force microscope for high resonance
frequency cantilevers

S. Kawai, S. Kitamura, D. Kobayashi, S. Meguro,H. Kawakatsu
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Dynamic lateral force microscopy with true atomic resolution
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