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1.1 XEDHH

AR, BB S 2 RVEMBEIC X > THE T NS b > 3 )VERO BB R E k7 1t 2
TR E N3 ST b > R IVBERES SIS DWT, 5B — RS oG E T2 O CHER IS
LIz DTHB. RETIE, AHEOLERE UTRA b RVERE S SHIENMEH STV
ZHHICDOWTHRN, & SICHKF R ORMERZIHMEICT 5T LIck D, AWgEOHMN & E&EZH
WSS 5. HmRBICAGR XL DMERIC DV TIANS.

1.2 AFMHEOE=

-3 B9% (Work Function) [1] 1, ®EERmEOEANZEBELNEETHO, TN,
mE, R OIK, BEORD I, 1 - 0 rOWas, FEERROEEREE, JREWHEEP TR
DOHGZMRET 2 L TREBEETH S, HHBALZ, MEHPHSE 2 —DH0 T DICHER
IV F—L LTEREN, HZEERMLEYEO Fermi AL E DT 3)VF—72ICHY T 5.

EHBEABOREICIE, Sz HWEE 77t (Photoemission Electron Spectroscopy:
PES)[2], 2 DO O HREH D ENZ W7l 7E7% (Contact Potential Differ-
ece Method: CPD)[3], & HICETFOEMNMBISZ W/ [4] FRHVWHENTE . PES
T, EFERE D ERERTIINF 2O —EORDYe A REICIRE L, £lbh SRS
NBEFDRRKTIIVF— D AG LTIV F—DREN SEFHEKZRD S, CPD TlE, 2 D0
HHBAMOR L 28k 2 S8 5 L4 U sENMNAZHOTHHEBESZRE T 5. ERMUHTIE,
FeHERBICHENERZENT, U OVRIRTHEBB DR T > v )URERE 2@ D R B2 )
HENn7z b x)VERZ AN T, Fowler-Nordheim DOBfR S HEIEZRDS. LL, Th
5OFETIEEWER DRI T, Rt HEBzied s 2 i3 L.

WERDHE L LIEFZ D, JafTa RS 2 WIBERIAR T > v )LVORERZE DN DF
FICEDITbNTE., —DIEF /v (Xe) ZadBRMmICAE S, T0D 5p ¥EIZ2E T/
I K O JIE S % 1% (Photoemission from Adsorbed Xenon: PAX)[5] Tdh 5. TDJ5ETIE,
RTFUoxINc kD Xe [RTD bp MO RV F—HNT T hEn, ZOY 7 FaEZHIEL Xe
JRF-OWAENE CORT Vv )V 2iHiid 5. £z, £5—D21F, X ELDOAA=IRTU Iy
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WIS & B B THENL (1 X—VHENL) ZIET 5751% (6] THB. TOIFIETIE, 2 EFEETIE
(Two-Photon Photoemission : 2PPE) DO X S 1K DZEMEN Z /i 2 FEZHNTA A=
BT IIVF—LN)VZIEL, ZNADEHT 2 T L TICK D B2HEM DT 3 )VF— L)L,
BB HZRDZ T ENTEE. TNEDFERVITNEMLRBEROENZZRILF—L
NIVDOZEL LTHRHT 58D THD, BEARNICZEMDREZZV. >T, TNHDOFETER
F BB ZIE T 5 2 LI ETERV. £ TEAR b > 3 VEMEE (Scanning Tunneling
Microscopy: STM) @ & S+ L)V DZE [ 75 fifthe 2 K D3EHE 2 W TR i At S5 B 5z il
ETBHTET, INFTTMESNTEEHSEZ IO LIMFETS720 TR, HiLLigzei
e eMEENS. STM &, Sl APRE & Ak & ORIC/ S 7 AEEZH L,
ZOMZRNS > xI)VERZHET 2 & T, ARRAOIIRPRATIRERE (10, 11] F2 5
FLN)VDZER S REETHBIINT 2 T LN TEEEED L THS.
STM Z R\ iz RAT L HRE ¢ ORETIX, ¢ 138 - ROz 2 kgL 2D
k> 3I)VER [, DL D, , )
oo b <dlnIt> w

~ 8me. dz

DESITKDBENS [8,9]. TTThHRETTVIER, me 3FEFOHERTHS. RTINS HFHH
Brekd 11 d, RoXSIROENS. BT o2V r7oRbEMGLEHRIc L, b
Y 3JVER I 13 STM FeF & SRR O REEE 2 1B U CHREBEIIcZ L,

2me,
I < exp (—22 h2¢> (1.2)

DEIICEKTIENTES. TTT ¢ FEE - BHBD U XIVEREO G E TH B, DT &
5, 1.1 X Tl & N5 @t atHRENE, ~ 7 aa 3B & XIS Z O YRR RN B
KBHEEAB. o TC, 1.1 THMliE N3 YR, At b > 2)VEEER E (Local Tunneling
Barrier Height: LBH) B0 ) DFEEES & (Apparent Barrier Height: ABH)[18] &FEEN 5.
¥k, AWETIE 1.1 XCRMicn2E%Z, LBH &S L L9 5.

1.2 XiF, ENATAEEE 1 ZtHEERT V2 v )VOZMNO T, HEHHGTEL (Wentzel-
Kramers-Brillouin approximation: WKB iifll) IC X DEHETN TS [17]. WA, BEHPRA
FIOFE RS2 KMENTEDLT, £k, NAT7RABEOKEFERZEEBEINTVEN. &5
1T, ARIERIEIC T2 ANOEFOEHIC OV TEEERENTVAEY. itoT, 1.1 TGS
% LBH OYFIEERZRINT 5 L3 L.

LBH OHERMARNTIE, &) Lang[18] I &> TNz, Lang (&, HENEBCLLIOHIFHT F
Y VEREFEL 1.1 XD 5 LBH 2K, STM T—RINCHIE & N5 HREF - BORHHHEET
LBH WEBEOHE KD &/hEnT e 2R, 51, HZRT VY v LAY Fermi (1LY
NIZ7& 2 18I (Hole) MMFA(ET % & 5 Affet - GlRHHEREED O IRECT, AEEMRIc KD, H
ERTVIYIVEDE LBH BRKENT EE/RLEZ. ULAHL, Lang O TldHEEHE Na 1 1
DT, MY 2V Y LEMTELNEINTED, MAERAORFHEFIEREINTHEY. X
Tz, Ciraci[20] FFi&, AZ75ELIT Al(111) H-HZ2E- Al BREFORRZ W CEFIRREZ 5 — R
HIEHRCRSD, [JONTHEZERT V2 v )V i iilkE) 7 CiELIL, Lang A Hole TOR) R 7% 7 At




1.3 (B 3

Liz. LML, Ciraci FOMHTIEETIVRT oY V2V TN2DT, FEOHERSE & Lhig
95 LI LWV, Hirose & Tsukada[21] &, Recursive Transfer Matrix %% T Na(100)
KM OMEEE S E 25 L, RaEE G S DPRE-AURIBEREE & N1 7 BRI <ARKFET 5 2 & 20K
Uiz, TTCREEGE EIGEMRT Vv )V 5FHli LTe B2 TOMED Z & TH 5. Hirose
FOMEMN T, LBH OFHfliEITON TRV, 1€>7T, LBH OYMERRIE, HEGRIC 7S
fRIHE N TV S EIFF AR,

CNETHANTES1IC, STM THlEE NS b > 3x)VETRZ AW TR E N2 [T b > )UFREEE
EEIE, TheBEld 2HHXOEHICBE O THWELUDHONENTVAREITTEL, N7
ABEDMRZER L TOWERVWEOMBERZAELTWS. T TAMIE T, HEFBEBEERIC
FEDEHIIME e N1 7 A& N TOE IR 2 H N RO PlOHIPH C H A g IcEtR T X
LZFEZHVAS T LT, MEMREERELKRTZ 258715 T LBH Ot 2110, T O
BEWZHEICT S ZHNE T 5.

wi HITIE, SRR, STM DEH, b3 V&R, LBH MG EITMZRIC DV THEBIY %,

1.3 {15

LHBEEE, MEHRHSE T2 DI T OICHBERTIVF—L LTERI N, BEAUHEN]
EYIED Fermi ML & DT 3 )VF—2ICHHY T %, Lang & Kohn &, 1 XKyt T V) 7 LR
ZHOTRERIOMFHEMZEREMICHERL TV [14, 15]. TTT, Yo UULEREE, &
Bz HlAET L, TOEMZ L L THNIT 2 —RIEERDORETEHHEED L THS. &
JEZH 2 K9 IEE M OEE M py 2

o E>oorw)
p“”_{m@<0@a%) (1.3)

D& S HRERBBICARET 2. RBTORT V¥ v )b veg(r) ZEBFHEICKDEED,
wn(r) = [ PELZLEED v (o)

= o(r) + Vae(p(r)) (1.4)

EERINS. 1.4 XOLHIH 1 FHIEERT vV THO, 2 FHIZH - HEART > v )b
THs. Ik, Yz VULEHEREITHATARTERADT, p(r), ven(r) 1& 2z FEERIZIT DR
Beins.

BT ZRBEANEICHREL TR RT v )UE, HERT Vv )b esgi - fHBRT > 2 v )b
THb. BEOTITHNEBOIATRT V¥ vV,

Vet (2) ~ Vet (—00)
= ¢(—00) + Vie(p4) (1.5)

b, WoT, BBEBNEHORT Vv IVOEE Aveg 1,

Aver (2) = Vot (00) — Vet (—00)
= Aqb - ch(p-i-) (1'6)
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THABNS. TTT Ap = ¢(0) — ¢(00) TEHERIN, THIBRBATOEFERT > ¥ v LR
BENS ENFEIERLLT0 AR ZELTETHS. TORTUIYILOK TR, K 1.1 TRT X
5 IR DOWHFBOFEZEANDIRAMN LU THET 28X & (Surface Dipole Layer) I K% & D
Ths. 1.6 A2HXNTIRLIEDONK 1.2 THE. BZEORT Vv )V2HEEICT S L, SED

T T T T

<
/

\\ |—POSITIVE
BACKGROUND

Electron density

| L =+
0 05 10

-1.0 -05

Distance [Fermi wavelength]

1.1 Self-consistent charge density near metal surface for rs = 2 and rs = 5 (uniform

positive background model)[14].

Energy
A
P () y e f Y
AD / work function ®
,I
1
Ep \ 7
d(—00)| - - - —} —————————— -7 Vefr (2)
Avege
2
h_ k%
Ve (o) | 2m
' '
0 Z

1.2 Schematic illustration of a potential energy variation perpendicular to a surface.
Ep is fermi level. |Vic(p+)| and ¢(z) indicatea an exchange-correlation potential and
electrostatic potential, respectively. Veg(z) indicates an effective potentila, which is

consisted of an exchange-correlation and electrostatic potentials.

TN TORT V¥ )ViE—El —Ap TH%. T, BRI ML k=0 OFEIKEDOT
FIVF—HENTHS. COEMNS N iDEFZ, HCKDKER k OREBIINAEL TV &
&, —BREOEFDINAENZIKED E OREEDT 2)VIWE kp THoTe. TOIRREIE,
k = 0 DIREBITEEAR R2EZ /2m 2 TRV F—DED. SO—FBIIIVF—NEVETFOIL RV
F—HEN A Fermi TXIVF—TH D, 1.2 KO EZREZHAEL LT

(1.7)




1.4 STM OJEs 5

W55, HHEH O 1F, @RNO 1 FILXINF—DORKEVEFOFRBLTIXIVF—THBDT,

h2k>2
¢ = A¢ - ch(er) - QmF
h2
=Ad + {IVXC(M)! ™ (37T2P+)2/3} (1.8)

EERTTENTES. IEREL, k2 = (3np )3 ZHVE. (EHBEK @ 13 1.8 K&k, &EAD
EFEERIIKET 2T & EHERT VI YIVICKBIH &g DFITERINS.
2

h 2/3
Op = ‘ch(p+)| - % (37T2p+) (19)

g = Ao (1.10)

HERT VY vV KB BIEERMEE N, KL OEFHEENTREENHENSITNS
CLICEDVELRZEDTHS. itoT, KmDThL, HNEE, KEOMHEICK > THLIBHE
22T %.

1.4 STM DRI

STM X IBM F 21—V v E#iZ¢fi T Gerd Binnig & Heinrich Roher I & - T 1981 4EICBH¥E
TNz, STM &, NA T AEEZHIMUEDN S, BROHE & GURERmOMICE TN 2 %
IWHFIC XK 0N D b 3 IVERZRH LT, BROR FREEDE HIREZ T L)L O 22/ 7
fRAETEIIG 22ED T £ THB. STM TlE, JelDSiVBEEE 2V, abklm & omic
nA FEED b Y IIVERD—EICE D XIICHEHC T+ — RNy 7 (L TFO#hE) Z#HIEN5,
GEtA R R E 1 nm BEO—EOHEiZ R FEET T LT, BHDOMIMCTZE > THE
FEFL, BEEROMMNDMESND. b XIVEROMISEES & Gk 2 R O BRI UK T,
#10.1 nm T—#iZb 5. X¥1.31C, STM OEfEEMXZ/RY. BRED 3 DOEEZHRTD FITH
DffFbhn, Thb 3 DOFEBBRTFORENIGHRRE AT (2, y) NOEL L HEF - SRR 2
O TH 5. STM THEEI NS b RIVERZHNT, ROYMHEZFHMETE 5.
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o NRTTTH
INAT ZAEHE—ET, b rRIVERZ —EICRD K ICHREF-AURH AL 2 22 X 50 5 5k
KH7ZEETZET, HrRETHBEEIOMMNZREL FRTT 782155
o EHR IV
INAT ABERZZICEEBNE, b RIVERZIES S. N1 7 AEBEDZLISHT S
b ¥ FIVEIRDZAC ) I b R IIREE LN SN S
o JaATHRBARAIE
INAT ABE—ET, R - AlRRERZZX 205 b XIVERZNET 5. et - &l
FHE AR OZLIS NS % b > xIVEROZ(EN S, KRiliD R a RS2 7 HE 5.

1.3 Principle of the operation of the Scanning Tunneling Microscopy|[9].

1.5 FRIVER
1.5.1 1 REIEFRRTIvILD b XIVIERR

1 ZTHERT V¥ vVic & B b 2 R)Vif 2 N BB RICOWTHMT 5. AHNIT 5ET
DIXNVF—LHBRIEIENTN E & m, 7z, 1 tHEERT Vv IVOESE LRIEZENTH
Vo(E < Vo) &l d &9 %. ZEERT J

- ! (1.11)

1+ (kQQZSQ )2 sinh?(kd)

Thh%. TTT k BAFEOWET k? = 2mE/R?, 7z, v & k2 =2m(Vo — E)/h? TH
%. HIERT > v )V OWEEIBEBOBMEENEE R T > 2 v VOIFIC N T/ E WS
(kd > 0), ZEHER,

16k% k>

T —~2nz 1.12
(k2 + r2)2° (1.12)
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L%, FEERT Y v L CORBMBOBEEE « 13

om(Vy — E
K= m(f;) (1.13)
TH5. STM Dk rx)VERIE, 1.11 XA TRI NS EEMER T IHBT 2. E->T, b
EiiE, REFEURIRI RIS IR EBIIICE LT 2 2 &b 5. B TORKU % Ry ixfEEE

EEE (Vo—E) THY, HIERT VY )VEBEBTOIXILF—IcKDIRE 5.

152 STM Db XIVER

1 ZotHIERT V¥ v )V HWT STM O b ¥ 3JVERICOWTHAT . K 1.51C STM ©
1 RNV REAT T LOBANZRS. 5, sl 7 AEFIFAZRDT, b rrIVETE
ARRED SR T 5. ¢ & ¢s F, BEEHABOZNETNOM R ZRT. £, EL
& B E, BREHEEROZNEND Fermi ¥ ZET. T HIC, HEEHEGURIREOE TIRERE
ps & pr BENENBERINGE Lz, FIENTSNA T ABIE Vi 1C& D, R0 Fermi #Efi
WERREIE MO Fermi #EAI K D B eV eV R Eo T 5.

Energy

Tunneling current

1.4 1 dimension band diagram of STM.

k> 2IVER I &

- 2me

=" OwdEps<E>pt<E>{fs<E>—ft(E—eV)}T(E) (1.14)

LEED. TTT FE) EERER D Fermi MBI TH D, £5/4(E) = 1/(PE-E ")+
1) TH5s. /o, T(E) B RI)VERDBERCTHZ. N\A 7 AEEINVNEL, XERET =0
DY,
2 2V o]
I~ 2 / dEp,(E)pu(E)T(E)5(E — E3)
0
_ 2meV
- h

pi(Ep)ps(E)T(E), (1.15)
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LA, 115 K&K, N4 7 AEEMEL, RE T =0 O5E, }‘/Z\}I/EE(}ILLi INA T AET
PREHa 5 IR OE IR, £ L TEEBRICHHITE T LM hsd. R, .15LLTL
7o 1 DOt RT o v)VDYG, iR T(E) & WKB R XD

%V%n¢¢r+%
h 2

+ 2 p

5 (1.16)

/R exp [—

ERED. E-T, FrRIVEFOBEERE, HFEt-aURR ORI BIBIICKEL, BT
DKL ZRT V¥ v)ViZ, PR ERARERmOERBEBDO L %%,

1.5.3 Tersoff-Hamman HBi{

CNETOMGEE 1 KITHERT Vv L Z2REL TIThNTWA T ®, HREFIRI K O
EIFEBENTWIEA o7z, Tersoff & Hamann[24, 25] i&, STM {QOERZRD 2%, BN
IV 2% STM @O b 3)VERICSH L, STM SOz Uz,

Bardeen[23] i< X 2 IFEHKAFHEINTHEIC K D —RD b 3 )VER 1 &

2”ej{:f (L= f(Ey — eV)] My [25(E, — E, ) (1.17)

E5ABN%. TTT f(E) & Fermi BT H O, V BHIINENTNA T AEE, M, &
PREFOIRAE o, LARIODIRAE o, OO -V IITHIERTH S, B, ), 3, KE ¥, ODZTNE
NOIFIVF—TH 5. (Kik - KA 7 RABEOSKMATIE, 1.17 A,

2iTeZVZ |M,.,|*6(E, — Er)§(E,, — Er) (1.18)

I =
T h

v

&73%. Bardeen[23] IC KHUL b > IV THI BRI

h2
M,ut/: 2 ds - {@/}uku ¢,uku} (1'19)
m
EIRENTz. T THMEDE, 2 DOEMOBOEZEHOE RO/ L THEITENS. 1.19 X
DIEMNOZIEITHRNOHEE T ThHS. N RITHIEZRZFHGS 5 72dic, KmpEEBEE ¢, =

1##(?“) ZQGH exp |:(/€2 + ’ki” + G”‘Q)l i| exp |t [ (k” + G”) T”] (1,20)

fEG‘
LIEBIT S, CCTT O, ARHARS, k= il (2me)(1/2) X EZEOWHBIICHT B E 5 & B
TVHEETHY, ¢ BILHEMTDHS. AREHIC TSN v IR ORI D 5
728, Bloch BRIV TEBE N5, ky (3% Bloch BEAY ML, G BRI T b
VTH%. Fi, AREHIC RN ICMSSNICRET 5K TH 5.

— 75, REFOBMBIREEL < HIBNTIEWANDT, K L5 IGRT & 5 A RFCERIEO R
FUY VAR TEFIMET 3. R & ro CHDEHOMHLEETSH D, d 3K E TOREIESE
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Tip

A

\

Sample

1.5 Schematic illustration of STM tip and sample surface. The shape of tip is
arbitrary. The curvature of tip is R. Distance between tip and surface is d. Center of

curvature of tip is labeled 70[24, 25]

HHECH 5. PREOWBBIE o, IFBRIEIK

L cikRe Tt
VQ BT — 1o
CIRET S, TTT Y BIEOWETHS. 1.20 e 1.21 K& 1.19 R AT B L,

b (r —10) = e R (1.21)

h2 4Anr 1

M, = ——"— wR 1.22

1 2m K \/ﬁt ’%Re wu(rO) ( )

Lix%. TTT ry BEHEHOMBYEOHRLEETHS. cNLD 1.17 KD M IVER I, 1
32m° 2V 2 2 2kR

Iy=—+—7eVo Di(Er)R%e E ¥ (ro)*6(E, — Er)
_ 321 oy 2D, (Ep)R22*E p(r, E 1.23
= S VO Dy (Er) R p(ry, Br) (1.23)

L7%%. TTT, Di(Er) B3R OBNAIED 2D DIREEETH O, THIFZERIKFEZR T
T FTz, p(ro, Ep) EAE r» TO Fermi (IS E T 2 DXIFOIRAERE (Density of states:
DOS) TH 5. 1.23 XKD, HNA 7 AEBE FOKERE—F (Constant Current mode) TD
STM i, &iid DOS OFFIMEFL XD ENTH 5.

K OPBNBIE 1.20 XKD,
[0 (1) |? oc e~ 2r LD (1.24)
Lz, FrxoVER L,
I o e~ 2rd (1.25)

5. it-> T, Tersoff-Hamann ¥R TE, b rIVERISERE-EFIREEEEC IS BBIEMI K
FT5ehnhd. £z, HFEEEE, 1.20 XKD —EETN T3S
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1.6 P b RIVEEEER E (Local Tunneling Barrier Height: LBH)

COfiT, LBH ICDWTHHT S, CNETHTEZEI1C, bURIVER L X, B -
AR R 2 10 LTI BIIC (LT 5.

I < exp (—2k2) (1.26)

C Tk BIKBBEBOEZERTORERTH D,

2mao

h
TH%. TTT &1 otRT v IVT WKB o Tk, #eEip &t FHEio
FHETEABNS. DT b, 1.1 TRl E N3 EDN RN EHEREEZ SN
HETHS. LHL, ZOEHMSIHSMS, 1.1 XTFMI N8R, G ERERm OB DE
Rt E, LR T UYLV THEEERS. X, CORFZERTFHHEZELITETIE
TN EMND, ¢ IFAMNMFOMREEEEE (Apparent Barrier Height: ABH) & &I 5.

K= (1.27)

1.7 AIEEH

COffiitid, LBH OHIEHEHFNDONTWL DOHNT 5.

ERRME

1.6(a) & (b) &, Au Ji¥7%7&% L7z Cu(111) £ifi L STM & LBH B TH % [44].
1.6(a) ® STM /5, Cu(111) KA Lic Au O L WE U TEW Cu JE-FOREE
ZXAIT ST EFHELY. LAL, K1.6(b) O LBH R TRIAREAEIHTH O, LBH OfEAKE
WETAMIHB L, LBH AWVNEWETADIELBHEN TV S, X 1.6(b) DHHREN S, Au i1
MW LT O LBH OfEiiE, Au A0 L TWERW Cu OO LBH D& D &K
TN WS, 7&F, LBH 068507z LBH Ofild, Cu R AT 4.8 +£0.3 eV, Au
JEFREET 5.2 £ 0.3 eV TH D, TN D5 OMIITHEEOMICIERITITL.

FEGRE

Kurokawa 5% [46] 1, Si(111)-7 x 7 KMHIZW#E L7z Ba 10O LBH NOFEIC DV TIHN
7o, K 1.7(a) & (b) I&, Ba T2 WE T Si(111)-7 x 7 £HD STM & LBH {4 THD,
(c) & (d) &, STM f&& LBH BOFHR LOZNENDT A>T a7 7 )V ThHb. K1.7(a) &
(b) &b, Ba 1Ol iEE, STM §TEHSL<, —7, LBH &TEELBMIEh TS C
EWNhB. Thu, STM & LBH OS54 27077 A )V HEHLNTHD, Ba WENME T
@ LBH OV EIEH 2 eV THS. TO LBH DX, Ba FHTOESBEMEE (0.89) A Si 5
FOZN (1.90) ITHANEWIC, Ba [RFAS5XKEOD Si [ FNEMABH L2 LIcXD, Ba
OB TEX —EEBMER SN EDERTH S EFHHINTNS.
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1.6 (a) STM image ( 580 A x 580 A, -2.0 V, 0.1 nA ) obtained from the Au/Cu(111)
surfacewith 0.8 ML of Au. (b) Local work function image obtained simultaneously with
(a). A higher brightness represents a higher local work function[44].

RPpFEFEDEE

Si(001) ik 3 i (Type-A:single dimer vacancy defect, Type-B:double diner vacancy
defect, Type-C) DXfg7z STM & LBH ZHWTHET HiAMTDON TS [40]. ZhEh
DORMEOMHEZK 1.8 IR d. X 1.91C, KEFED £1.2 V O Type-C Kffs LD STM & LBH
DIATOT 7 AINEZNFIURT. K1.9 X0, SRELENEDES, Type-C Kifiid STM
BTIEHA <, LBH GTRIESENENE Lohd. —7, adfEENEDSS, Yoz
R TEDIME. £, STM & LBH DELELDT AT T 7 AV TE, MMKEEDRST
20 % LML L TWB T 5.

F v /N2 ADFHT

Si(100)-2 x 1 Kl FICWsE Licy 7 Xy 7 Y OF ¥ 33 2V ZAOFHBICHiHbN T3 1.10
(&, Akiyama 5§ [49] I & - THIE T N7 Si(100)-2 x 1 &l LIcWE Ly 7aXY 720
LBH 4 T®%%. Akiyama %X, > 7aX2 7 rHWsE L Si(100) £ & & Si(100) Fimio
LBH DM b REER EE fiotal &

S
Htotal = (Mm + Ms—m) + (am + as—m) F = A¢ (607) ) (128)

MHERM U, TTTC iy & am BENTNDF L Si REOEANZ M EINA T ZAEEIC KD
HEENDDTOTETDH D, pem & as_pm FTNETNDFIRAEICK S50 FL Si KmifDE
RN KB M ENGIC R 2 0MRTH 5. £, FRIES, S & e BTNTNDTHTAEL
TeHDOME E H2ZETORERTH S, N7 AGEEOMME 2222 7T LBH Z#lEL, 1.28 XD
Pom + fm—s & Qum + gy ZARFNZEE L LTV TN E LTHRE, FENTRE

N (as—m + am)) @

1.2
~ . (1.29)

C"mol = (1 +
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1.7 STM image (a) and LBH image (b) of Ba-adsorbed Si(111) surface in the initial
stage of adsorption. The line profiles along the horizontal lines are shown in (¢) (STM
image) and (d) (LBH image). The position of the Ba-adsorbed site is marked by arrows
in the line profiles[46].
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1.8 Structural models illustrating the positions of the atoms observed in the STM
(black) relative to those in the bulk crystal (open circles). Atoms with larger diameters
are closer to the viewer; four atomic layers are visible. (a) Type A single dimer vacancy
defect; (b) type B double dimer vacancy defect; (c) type C defect[40].

EHWT, 7aXyTyOF v ISV RZ U AR Cpe = 1.3 x 10720 F LFHiL7z. T TN IZ
HARY 20D TOBTHY, ri3DnTEOEITHS.

1.8 FciThA3E

COfiTiE, ThFETIiTbNz LBH OMGHIRICOWTHET 5.
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1.9 Topographic line scans and tunneling barrier height measurements over type C
defects at positive ( 4+ 1.2) and negative ( - 1.2) V sample bias[40].

Lang IC K B %M

Lang[18] i3, 2 DOPMEDY =V ¥ LEMEICHNS b > V% Lippmann-Schwinger
HREXN SRS [19], e 1.1 XAV THEEBRICAI L2475 T LBH ZiHii L7z, K 1.11 1,
LBH & fKBEEERE (Maximum Barrier Height: MBH) O - FREHAFEEZRT. T
CT, MBH @iliv = VU LEREOEZERT V2 v )VORKMEE L TERI N, HREH-HRIREE
HED T R E VIS EIXEHBEEIC —83 %, MBH 3, B A EZEMEEE N2 2V T BEICE T
BZRTUVYNVERTETHS. K1.11 X0, LBH & & OBE-ZRIMEESCcE MBH Kb &K
TN EWNTNB.

EHIC, Lang &, BREHETE L THRADEIEDY = VU LERIC Na JiF72 1 DA S
TeETIV 2 AW THSHEFIC K S LBH NOFEZH Nz, K 1.12(a) & (b) l&, LBH OHE-
AL R 7 & B T OB R T Vo Y )V tie TN ZEHURd. T TR 1.12(b) D s
%A Uiz Na JHFOHOD SN VES YUY LEMOXREE COERHTHS. X 1.12(b)
X0, HEEs D 9au KDENELADE, BERTONHGDERNRT > v )Uid Fermi $E(7
DFEA%. ThEERESINEOICESE T eZ2EMT 5. LML, K1.12(a) X0, ks H
9au XDENIWVEETEH, LBH IFAROMEZ/RT. Lang (& DHEZRD K S ITFHHL T
W5, BIIRT VY v )V Fermi ML T LR E/NEWIR (VA X% a &9 %) ZEFhEEd
% L&, AEEMEMICED O(h/a) BREOREFAT/ MO T3 )V F—Z25H/IMEL UTHRD.
T ORME AT OE T XV F—DT, b2 3xIVICHET % REmEE /70O T %)L F—



14 B1E i

molecule molecule
surface surface

1.10 Tunneling barrier-height images of cyclopentene molecules adsorbed on the
Si(100)-2 x 1 surface at (A) Vs = —1.5 V and (B) V5 = +1.5 V. The brighter points
represent higher tunneling barrier heights. In these observations, the molecules are
always rendered brightly, indicating that the barrier height is enhanced by the presence
of cyclopentene molecules. Though some C defects on the Si(100)-2 x 1 surface were
also imaged brightly at V; = +1.5 V, they could be distinguished from cyclopentene
by their size. The insets show the dipole directions by molecule adsorption iy, + frs—m
(black arrow) and an external field (am + as—m)F (white arrow)[49].

NPT %. 56> T, Fermi A DOTFIVF—ZRDOETFTE, TONROMETREEZE> T
VIV UEFNUEEB Y. BEEMOAENET VY v )VOIRRIC LD, BFHDER (T I ED
HB T3V F—ZRDOC i, HUADRIREMIEINS. iz, HINENizNA 7 AEBEIC K->
T LBH M3 LI3FRTHIENDHNT VS [42]. LA L, Lang O TIE, kI
DR FREERNA 7 ABEDFBERIF RSN TRV, LBH NOZN5OFEI /I
fRENTVS EIXE AR,

Ciraci FlT K 2 &%

Ciraci 5 [20] (&, AL(111) i & Al BEBED D75 % A5 THR 2 IO T —FHGEHE (KT > o v
WV, P IS & DB TIREERTE A RS, LBH OY 1 MEFEE IS LR Rmi oG8R T >~
Ty VC KB UIADTHIC K DFIHTE B T LR L. K 1.13(a)-(b) &, HEEHIEA Ontop
YA+ & Hollow ¥ FDEFAD (111) Hi ELOFNENOEMRT V¥ Vi Ths. Kz,
X 1.13(c)-(d) &, FACADMRZEZERLICARNART Vv )VOBKXKTHS. Ciraci Fid, X
LI3 SRS K ICEHERDOERRT VXV V(r) 04i% V(z,y, 2) = dm(2) + B(2)(2? + y?)?
MU WEGELIO T, MAMICEHORVEFBEBICHTZ2HMRT >y v bk
Ve (2) = V(R = 0,2) + Eo(2) £ KT T ENTE, Eo(2) & 2 XeifHEE ¥ O RET 3L F—
THaELU. > T, LBH & O = Verr(2sp) — Br Talfli L, #REF-AURHAEEAED 8 au. T
® Ontop ¥+ b & Hollow ¥4 h® LHB % 2.3 eV & 1.0 eV L ZNZFRDTVS. LHL,
Ciraci FORHTTIE, FACADRRZFIRE R 7 > > v )V TEULUFMEL T4, LBH &k
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1.11 Local tunneling barrier height 1,5 and maximum barrier height pyer for two
electrodes (rs = 2 jellium model) in the absence of adsorbed atom. The work function

® for a single such electrode is shown for comparison[18].

YHIVERDN S 1.1 XKW TEMEE NS 728, b rRIVERZHOVEWERTETR7ZEREE X
AN

Kobayashi FI< KX 57

Recursion Transfer-Matrix (RTM) % [21, 22] &1&, Tsukada 5D 7V —7IC K DRI N
25 FE PN BE RSO O B SR s BE AL O #EFH N THIIN S A 77 A8 T O Tl OEELIREEZ B O
HHICEITRTES TFEDT L TH%. Kobayashi F [58] 1&, RTM iEZ VT, FMERL TV
W Si(111) ZiliE Al BT 4 [l 5528 EIVT, ST AEEN 0V & 2V TOREEE
E OEREH-AURIEEREHK AR 2R DT, ks, HEEMRDIERES S, SR SELNICARIR
T YUY YIVOBGITOMETH 5. X 1.14 IR E & b 2 ) VETROPRE- AR BB K 7 1 2
RS, K L14DDE, NAT7AEEOHEICKD 2V OREESEN 0V OREEESHE KRN &
Wohd. £z, BREF - ARBERENNE GRS L, BRSNS EEZTLhDE. &5
&, AT ABED 2V OE, BREF - BUREEREED 10 a.u. LUNCAR S L EEES S DHKT %
M, FURIVERISERZEE X287 5. TOMRIE, Lang ICX2FHRE—HL, ET
D CIADNRNGEIIHTE %. Kobayashi i, EEEEG S ZHNRT VY IV 6RO TS
7eh, E#E LBH ZROTIRTRE AN, /- T, PEERLRmO LBH OfffrdHoictrbn Ty
L EEAR.
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1.12 (a) Local tunneling barrier height ¢rpu for two electrode (rs = 2 jellium
model), one representing the sample, the other, with an adsorbed Na atom, representing
the tip. ® denotes the work function which corresponds to jellium with r, = 2. (b)
Contour maps of the potential veg for two-electrode case with an adsorbed Na atom
(tip). The presence of the atom is represented by a shaded circle with a cross at the
position of the nucleus; the positive background regions of both tip and sample electrodes
are shaded also. Maps are shown for four values of s (given in bohr), which is the distance
between the nucleus of the tip atom and the positive background edge of the sample
electrode. The nucleus is at the center of each box, so that the sample electrode in fact
lies outside of the box for all but the smallest of the s values shown (s = 5 bohr). The
contour closest to the atom in each case is that for v,fr cF, the contours shown for higher
energy values are spaced by % eV, starting at Fr[18]. (1 bohr = 0.529 A.)

1.9 FHROENEER

TNETHRART=L DI, AT b FOVREEES S ORI 1.1 OB T, 1 0THEERT > v
IVIMRIEENT WS, ZD7z®, 1.1 d, BARRECHE OIS, 7oA 7 AEEHFEORRD
FERINTOVARVEOMBEEZFZATVS. ZT TAMETE, H—FHE M85 H T Lz v
T h Y xIVEWZRSD, KDz b 3)VERZHOCTHESE LR UFIET LBH Z3Hiid % C
¢, LBH OWHNZERZIAMEICT % & & £12, LBH NEER 5.2 2 HEIC DWW TR LTz,

PR TR OB IC K > THMAMESEA T C & T, ILEfE, RO E A
LTLESTL Y buxAJL—y 3 VDX RRTIIFNERBRIGEDEDDH 5. T OME
ZEWT 2 —D0hEE LT, 1RO Ny TXT VN T S, YWEOR/IMEKEN TH
BRFRBFFEFLELTC, EFREEDLELTOVADFETNAAELTHOTR LT v 71
ICETERZRER T 2RADTEEHZEDH TS, TNETE LBH HIEIEWAEFE -5 TR ED
RGDFEEICHNENTHED, EHRLMANES T LT/ AT —IVOEFHETFOMTEAAN
DISHMNHRFE NS, £7z, LBH JIEEBHC D FOF v /82 2 AJEICISHAIHE N TED,
AW TIL T b= AOFMEEA & U CEERERE RS EHATHINS.
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Top Hollow

1.13 Contour plots of (a) and (b) the potential energy in the bisecting(111) plane
for the tip facing the Ontop and Hollow site, repectively, at heigh = 7 [a.u.]. (e) and (f)
a schematic description of the potential in the channel[20].

1.10 ZAFHX DB

AilE, LLRD 8 BICK O EN 5.
B 1= (Fpiml T, ARONEZRN, KO HNZ EREEZHEIC Uz, &RIEIC, Kig
X ORERRIC DN TRz,

o2 B THERETEOGE] T, AR TRHWIZEIETE, BR <~y F 2 JHELIRRER L
7 (Boundary-matching Scattering-states Density Functional: BSDF) I DWW TCEHHT %.

DR, 5 3 WA 7 AR OARKICHE I 5850 TH 5.

53w TRmSE 2 EREO LBH \OF2 ] Tlx, KM 2 FICRMMH 2 Al(100) HOET
Ve HWT, LBH NORMDOFZE DOV Z1r5. E5IC, R &AW Al(100) i LBH
LHigd 52 & T, LBH OYFEKICOW Cilkand 5. FFIC LBH OFRE-HURI BB &7
ENA T ABHAR FEICZENEIEH Ut 2175 . 45 4 ¥ TLBH O%EHE RO E T,
Al1(100) i > LBH ~NOEEEHFE7HE (Al $88H & Na FREF) OB OWNTHTIZ175. #H5 =
FHEEDENC K 5 LBH O8] T, 2L LEHGED 2 DOHE/EICEK S LBH D
RICDWTIRNTZ175. & 6 & TLBH OV MEfFEM] Tld, hrxVERG, AR
%, A5UTIC LBH BICOWTITZ217S5. 8 7 & [7)VA Y RERTIED LBH NOF2
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1.14 Potential barrier height at surface biases of 0 V and +2.0V (top) and elec-
tric current at the surface bias of +2.0 V (bottom) as a function of the tip-sample
distance[58].
T, 70VA) BIEE SO LBH NOFBIC OV TN ZITS. 9 8 & [HfE T, A

FRERIL, FEROBLRICOWTHERS.



19

F28
EmPENT D&

'I'

2.1 AEDOBHH

ARETIE, HENEBIHEROMN THIINE N7 A 7 AEFE N TOEFORGELIREZE D Ah
1ot /) WG DIRERHE 2 i 9 5 k2% . N F TICHELIREZETR 9 5 85— R RE
& LT, Lippmann-Schwinger /7#:07% FH\\ 72 J51% [53], recursion-transfer-matrix 2% [21], JF
g ) — VBBEGEZ WA [37) AR E N TV S, AWTLE, HREURPRAN LR
FeR= 7 7 IV TAEE R OSBRI 7V — I X 0 R E NIRRT~ v F > T HELREE I
BE%4% (Boundary-matching Scattering-states Density Functional: BSDF) [89, 95, 97] ZH\»
T 72175 . 73d5, AT, FHEAEOERICICEIRERMFICE U TRTHAR (atomic
units: a.u.), bbb m=h=e?=4ngo =1 ZH\V%. TT T, m (FETOHER, h=h/27
& Planck &%, e 3FHETFDEM, o SEHZEDFERTHS.

22 HEBEETIV

BSDF {ETRIX 2.1 D& 5 AFHHET V2V S, FECHATSIAZ v = (2,y) /710, KilE
EJT%Z 2 e UT, v KA RSEA 2RI 0L 9%, COMRETINVTRAELADE
MEEIRO Y 2 U LI TERBENS. DoV Y LB L ZREDA F Vi — Ik
LiclsmiE&Em L, 2RE L TRZNZHRTEBOETNEERERDOIETHD. LD 2D
DY VY LEME 2 < 2L & 2R <2 cHBDT, EEM pi(2) &

pi(2) = L0 — 2) + Oz — =) (2.1)

THABNS. TTTpk b pl 3 eNTNELDOY 2V Y LNEMOIEER M TH Y, Wigner-
Seitz 1% ry

pr = [47””?] h (2.2)
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i surface/nanostructure/surface i
electrode : electrode

v ] ey
i i
i i

-y : i

4—: :4—
i i

et v
r” 1 1
A : Co
L i ! | :

. i > 7
z, z% "z,

2.1 Model consists of two semi-infinite jellium electrodes. The model is divided into
three regions, and dashed line show the boundaries between adjacent regions. In the
direction parallel to the electrode surface, periodic boundary condition is imposed. An
incident wave from the deep inside of left or right electrode, ¥¥ or ¥¥F, is scattered in
the region II. After that, reflected waves, r“¢% or r®4%, and transmitted waves, t*y%
or ¥t will go into the deep inside of respective electrodes.

DOERENH 5. £z, O(2) 1& Heaviside BIELT

(z<0DLE)
(z=00D&X) (2.3)
(z>0D&¥)

O(z) =

— o= O

TEHEINS.
X 211”9 K91, BSDF #ETIER2RIEXRD 3 DOMHEEN 555,

Bl (2 < 21)
B T IE—EBEFANRT VI vIVIN—E LR B LY VY LEMDFIT WO T
H5.
BRAEEORE S X Friedel IRE)NBHTE, F2EaHHPETHS. B AIKE
RIS K > CadhE N 5.

B (2 <2< 2y)
B I EAELGOY VY LEMOREEZTNHICHENS EZEZ ZTHEETDH
2. VU LERMIERORFEZIG T ENTES. COHEBOEIKE
(35 LB RHER 1L D T RUEAYIC A RS ICTREE NS
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S I (2 < 2)
TEIE I WEINE NN 7 AEHICE D Fermi #ENV DY 7 MM kKB —FB FEIR
TV )VOZEBLZ RO TIRAMNICTEEK T SR U THS.

FRlOEEZ RIS, I O OFE IR, I L I, 25 CICHE I L8 I OZh T
NOWHBIMOEIFEMO FTREINS.

2.3 RERNBECE

AT THO S M Fi5d, EFIREBZR R I % E6EMGE & U TEEINBIEGE (Density
Functional Theory: DFT)[26] ZH\%. #HENEEGEIEFHOZ AR 2 5dh 9 5 I ICH
HNOEMETTETH S, T TRTOMEZFHIIT 5.

Hohenberg & Kohn &, B FHEEE—RICHNGRT v )V Z2IETES T L, IHICHE
BETREININIIV 27 VHE IS TV F b L2 2R 72RD T & Z2REH Uz [26].
B DN K B IBEB O H/IMEIZEEIREED T2 )L F—TH D, Kohn & Sham FEFE
& p(r) MAE VFHRICK D 2 BEAENc—EFREIBBIC KD

occupied

r)=2 Y fala(r))? (2.4)

LEREB EEL, NEBOBAENZIEE LT
occupied 1
-3 fn/1w¢ )(-57) outr

/ dr‘/ext
’
+/W/Wm>
r — |

+&mu/mmmwm+mn (2.5)
BEZT. TTT Veu(r) BIMRICEZERTF Vv LTHD, AWZETIEY ) Y LEBRIC K
BERTFUVIvINTHB. £z, Ewlp(r)] BRBERBEIIVE—, Vi, 31T U ROTRT > %

WTHB. ZRFEHNS O 3)VF—NBEZRINCT S {1, } 1& Kohn-Sham /2 & ML
N%—®E 1 Schodinger /2

—%v%wry+mﬁ@ﬁwry:E@og (2.6)
DIRFTHZHENENIND. TTT—BIENRT VY IVEEERT V)V Vi(r) (Br-E

F, BV VUYL, ER), EFREOKHEMEEERT VY v b Vie(r), RTFOERT 2 v )L
Vien(r) OR1E LT

Vet (1) = Ves(7) + Vie(r) + Vion(7) (2.7)

ERINS. R, BEINEEGE T —E HLHUORNT, BETFHOZHRMBEEENRT V¥ v Ib
ICEDTWVWBHRICKS.
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2.4 Kohn-Sham AR DR

C DT T EELIREZHAAATZ Kohn-Sham 2 OMHEIC DN TS, BSDF {#i3Y
U LMK T3 7 N AN SRS 23R, = ) Y LERER NI T3 771 &
BA, e z SMEZNENEET B.

BB U g, (7)), 2) EHFNRT 22 v )V Veg (r)), 2) WEFHIBIC K B 7 J7TE1O Fourier EHHIC
X0

j iy,
\PEk” ’I"”, ZI/}E Z(k”+GH) W (28)
Ve (), = Z e z(ku+GH) ] (2.9)

EERIND.
IENBIEL D Fourier BHIC X 2BHUE 1y b AT ZXIVF— E)j oy TRED. TxD5, KK
EET % Gﬂ WEtETHOENS

Ejcut 2 5 IkH +GiJ? (2.10)

Kohn-Sham /7#201%

1L i) = S Vi (2 () (2.11)

L%, L i(2) & Vip(z) @Zheh

W (2) = ¥u(GY,2), (2.12)
- 1 12
V]]/(Z) = V:eff(G‘y Gﬂ s |:2 ’k“ + G‘j“ — E:| 6]]/ (213)
TH%B. P (2) & Vij(2) ZENTNERITFHONT MV (2) 119 V(2) ZHAT B L, 211
R

1 d?

5@#’( 2) =V(2)¥(2) (2.14)

CEEERS. HMOHENICRE L7z Kohn-Sham SR % Noumerov D J5iEIC X - TEEE
k95 &

Ai 1Y 1 +Biy; + A 11 =0 (2.15)

LD, TT Ty =9(z) THH, 175 A, & B, 3ZNhTh

h2
a=1-"y, (2.16)

2
B, = —2I — ﬂv,— (2.17)

3
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LEFENG. CTT IR Vi = V() Ths. 2.15 RIS I O TORRL 2 T
D p(z) 1T B MR TH S, T OMIRREML F-IciE, FBL T & I, A I
L5 T D2 MM OEIREH R ECH S, ROM TILBEA BRI OV THITT 3.

2.4.1 fEig | &8l I ORDEFREE

COEICIEEE T &K T O OB Z2E X 5. £V 2V Y LEMD TR ALE TR
ESh S

M
iy (7)) = €5 5T EITCDITI Y T T 2T G (2.18)

m/=1
ERTENTES. TTTH1IHEIAFKETHD., & 2 HEINFETHS. K1Y r DY A
XE M x M ThHb. AFFvy IV m ERNFvY IV m EFNFN

|k + G * + (k1)

5 =FE - E} (2.19)
kj+ G2+ (k1V)?
oy + G ; )" _ E - EF (2.20)

Zied %, CTTERBYIVYLRT VYV IVDEN S L AFHEDOLXVF—THD, k|
MR ERT) 27 =TS T7ENS. 2.18 RDOWEHIBIED m/ FEHOKE, i
2z = z; COMFOEMENS

wz/ (Zl) = eik;nZ1 6m’m + Tm’me_ik:n 1 (2.21)

ZhES 5. & HICIHBIRAED 1 BRERAEIIIRSY 2 = 2 THEKITHEHDT
L S LU LR A (2.22)

zZ=z1

d
%wm (2)

H195. KRHOTHIEZE rym NS 2 DO EHAGHLES T EICKOEDERY, fEIKI &
THIEK T OB

d ’ . m! om! .
@d)ﬁ (2) = 20k7" Opyrim, — K2 Oy 907 (21) (2.23)

L%, ABHROMHRET etk OFEMEL D, chz 1 LB ENTES.
BEFZEME 2.23 & Noumerow {EIC K D BESEd 5 2 &N TE,

C(21) + Dp(22) =~ (2.24)
CZTC, D, yEdFhzEh
-1
C = —B(z) — 2hA(%) [I — ;hZV(zo)] G (2.25)
-1
D = A(z1) + A(z1) [I - ;hQV(zo)] [I - ;h2V(z2)} (2.26)

v = 21 A(z0) [I - ;hQV(zO)] f (2.27)
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THsb. TTT LI fi =2k 6 ZEDET BT MVTHD, G Gy = —ik Opnrj
oy & T B8 TH 5.

2.4.2 7Bl I &ElE Il ORIDEREE

COHEITIETEE T &8 I OMOBREHZ2EAZ 5. HY 2V T LEMD T E THE)
ESpdas
N .
Ugym(r),2) = > _ tpme ™= 7e RITEN T (2.28)
n=1
CIERMEN, ChUIBERNZERT. BRI E =ty OF A XE N x M THD. BRF v *
V&

|k + Gl|* + (k2)*
2
ZWied s, TTTEFBAYZVILRT YUY VOENSHl> Tz XIVF—TH 5. HR
2z = zn T 228 ROWHEIEED n FHDOE D

=E - Ef (2.29)

U (2n) = tme 2 (2.30)
Zed 5. & SICIBIBID 1 BHEERBMNEIR 2 = 2y THHITH D END

= ik pe AN (2.31)

Z=ZN

d n
MEEN%. 230 & 2.31 XK O AKRMEER T ZHT &
= k26,503, (=) (2.32)

Z=ZN

7%, BESRSEM 2.32 % Noumerov iEIC X 0 BiSbd % &

d n

EU(z2y_1) + F¥(zy) =0 (2.33)
%%, TZCTEEFIX
1 -1 1
E=A(zny_1)+ A(zn+1) {I - 3h2V(zN+1)} [I - thV(zN_l) (2.34)
-1

THY, WIEW,,; = —ikls,; DT 310 TH 5.

2.30 A& 2.32 XD 2 DOEREMEHAGDE S &, Kohn-Sham A2 2.11 K& T &
MTES. AHIZIVF— B, AHF ¥ > 3bm, TV T ENTk k) OREBIBEEE, #iIZ
LU 2RO K 5 N R CRHEICORO 2 2N TES. BEORTREADY VYL
B D D AFHEZRD B RENH B8, 1 DONETIDOFREE 2 175 DEHH 5.
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—RIIE TRV F =NV REPRETR, Y7V VT Ri% k EE L Kohn-Sham /5FE 7z fi# <
CETEBEIIVF—LERIREZSZSEMNTES. —J)5, BSDF ETIEBELKEZEIET 2
CEWHMNTH 578, KBE S MICITEHERSEENRENTE ST, ZODEE L, B
BOVETH T&<, #@aizio 55, > T, BSDF #ETIEY VY LRT Vv )LD
KD 5 Fermi ¥ TOIX)VF—HifZz 7V v Rl > TE T )VF—H T &I Kohn-Sham
FRERZ L BENDH D, TOFIMECDONTIEM 2.2 1TRT.

C Constuct initial effective potential )4—

Determine the Fermi level of left and right electrode

'

solve Kohn-Sham equation

'

Calculate resultant effective potential
form obtained electron density

'

Calculate new effective potential form mixture of
initial and resultant potentials

'

Is effective potential self-consistent?

C Calculate electronic states and electric currents )

2.2 Computational procedure of self-consistent calculation in the BSDF method. All

material properties and claclualted after the self-consistency is achieved.

25 EBEEBELERERE

FEATDY £ V) v TR S 0O ASHIEIC B U 724 T pl(r) & pB(r) &

L 2 V2(EE-Ef) i 2
p ( ) = 75.\3 dk;n dk”‘\PE,k o (7’)‘ (2.36)
(2m) 0 BZ I
2(ER ER
Gt m)? Z/ dk’ /BZ dkey [ W5 ) o ()] (2.37)

1ORONIV 2T Y OREAIREDFRHIC S 2 YRR OB AIRIE L 755 T2 56, ZOYEROEAEIE T
BWBTHEEDNS. HOEVLIZT 2L, NIV 2T Ve 2YHROERE RS, H5MHER
BVEFHTHS.
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THbN%. TTCELEE ERBEADY VY LEMOZNZND Fermi ¥ENTH 3.
\IIILE,kH,k'm( r) & \Ilgk k;n( r) BEADY )Y LEBDNSDENETNOAMKTHS. k) O
S FEMm 7Y 27 >V = (surface Brillouin Zone: sBZ) TfrbNns. &EFHEIX

p(r) = p=(r) + p"i(r) (2.38)

LEEND. FADOY U Y LB SO ASHIC X B ERERE 5L (r) & R (r) &

jL(r)=(272T)3;/O VD / dk;

X T [WE g 1o (1) VO g o ()| (2.39)
n 9 V2(BE-Ef)
iR (r) = / dk™ / dk
*) (2m)? . J0 sBZ |
I (O 4 () VR ()] (2.40)

TENFNHET A ENTES. 2EHRBER
i(r)=3"(r)+3%(r) (2.41)
THEZEN. toTa=y F VY0 DEAFDY 2 VU LEBREZHNS2ER J &
J(r) = / dnj(r) (2.42)
unitce

TrodhEN5. KEICEER 2 HAOBRRGFHIZHET H5DT, |J| =J & 2 IEFELRW.
2=y ML) ORmEE MO ERIZ

[=1(z) = / dni(r) (2.43)

TEREIND.

2.6 IRRERE
2.36 & 2.37 X 5L EFELIE

9 Bk V2EE—E})
):SZ/ dE/ dk;"/ dk
2m E} sBZ

\‘I’Eku 2 (P)[?0(E — B Ky, k2')) (2.44)

F 2(E11§_E§)
dE/ dk;"/ dk
(27T)3 ; /Egi 0 sBZ |

U g e (PPO(E — By, 2)) (2.45)

pfi(r) =



2.7 Fermi MR OFHEL L )NA T AEBIE .

EETEYS. Ko T, A=y bRV F—T L OB FEEICHIS LU RATIKREZEE (Local
Density of States:LDOS) &

ph(r.E) = (2m)3 Z

m

(O E ky ke (P)PO(E = B (e, K2Y)) (2.46)
2 V2AEE-EG)

dk:m/
(2m)? oy /0 sBZ

O g o (P)PO(E — By (R k7)) (2.47)

/\/ 2(EE—Ef)
dk™ /

sBZ

dk,

pR(rv E) =

dk|

LRI NG, RRFHRERE p(r, E) &
p(r,E) = p"(r, E) + p"(r, E) (2.48)

THZHZ%. H2HHBDIREEE (Density of states: DOS) D(E) 34 RFTIRRERE 2 187
TRH5N%. FIZEHEE T OIRERE X

D(E):/R ' Hd3rp(r,E) (2.49)

Lixs.

2.7 Fermi ZEDFEELE/INAMT RAEE

C O Tl Fermi MM O L NNA T ABHFEDERICDOWVWTEZS. BT TEY 2V U L
BN SAEY 2V T LEMANERT B K 2 EREL I

L m L
PT = s Z/ dkz /SBZ dk;\ij\ (2.50)

Lt ENg. FRRICHEKI THY 2V Y LEMDS Y 2V D LEMANE# T 2 I X % ER
R

2(EL

2(ER ER
= @y Z/ dk;”/ dke) > |TH | (2.51)
sBZ j

LididEns. T THRLERITH T L T OBHRE

L k% L

T}, = 7]{:? th (2.52)
R ki R

Th = Ttm (2.53)

TEREIND.
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RS T &I T TR SN2y d Fermi HEMTILERIYIC K 5 BRHE pL =0 ph %%féﬁf Z
B ORMEZENEROENTNB DT, Fermi #EfilZI NS @ﬁﬁﬁ’(aaﬁ@qq lﬁ%ﬁ“)t
ZLT 20080 H 5. €> T, KEMTIEROAN

Pk = pt +pk+ ot
= pi + (o7 = PF) + P
=2p7 — p7 + 7 (2.54)

WEEND. TTTpl BEBEMDD AT Z2EMHETHD, ph 3B E Ni-ER
BETHO, ph IFAEY VY LEMOEEREETHS. —/7, HEMTIEROLN

Pl = pit + PR + Pt
= pi + (o — p7) + o
=27 — pf + pf (2.55)

PR END. TTTplt % ph ZAEBEMOYE LFMKICEREND. o T, LhOEMHDOH
BINTz Fermi ¥L EL & EE ZEhZEn

2
3r% x 2p7]* + E§
2
372 (pf + o7 — p1)]° + Eg (2.56)

[
[
[37% x 2p?]§ + EE
[

[\D\HI\DM—‘[\')M—‘[\DM—\

2
372 (pft + pf — p1)]* + E§ (2.57)

THZ6NM%.

BSDF £ Tl&, /317 AEMEE Biittiker % [69] IC & 5 FiROFEELIETO Fermi ¥EMIDZEE L
TEEIND. FEINT Fermi ¥ XD & T XI)VF—DFDOWV L DO DIRREILIEHEIREZ D
T, Biittiker FIC K2 TERIEHNTDHS. [>T, /317 REHE Vijas &

1 2
Voias = |5 (37r2pJLr)§ +Eﬂ - [ (37%p ) + Ef (2.58)

LEREIND.

2.8 —BFBMRTVVYIV

HEPEBERTE, ZEEERENSO—B o EICE T % —BE R, g
Kohn-Sham AFERICEZHZ 5N 5. Kohn-Sham AR, HAGCICHEEHDORWET
DHAPUNDOHMDE AT KB ENRT VY V2T 2B FOREZREL TS, TOHER
ATy vViE, —ETENRT v )LEMEN, #ART > v )b, Hartree K722 v )b, #

RHIRT > v VD 3 DD EMD. TOETIE—EBFANRT V¥ v IVOFEHICDOWT
yiw\%.
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281 BRIyl

EADZ < OYFNIEE ZHfET 2 1T, MEBEFORENINBETFOZTNIDEEETHS.
WRT v IV [56] &, RTFMMEDRT Vv )V b7y b A THEEUANDRT V¥ v )L
ROFEIK (Core region @ WiHEIK) & Z NSNS, BT 2T v IVDEOWEBO R T > v )b
DRz XD ZLOERN R T Vv )V EMENZ LD TEMT S22 L THS. &8, v b
FTHRED EIMUNGTCORT VvV TH S, KT > v )VIEERH OAMiE 7O RSz 8l
5. Fiz, WREETRT > v )VBERMC IR 5722 & °C, BEIBESER T v )L e
JEBHT % il Oz RS T T N TES.

KNS TAT NS BN FIANEBIREIRC R D, 2FTORRT VY vl Vien (G, 2) &

Vion G”, Ze I “ Vion G”,Z — T) (2.59)

LXRINSG. TTCTry= (7, 7) B p BHOFFOMIETHS. BSDF AT, JaFHRT >~
X IVINEEIN, TNFNOERT VY v VORI RITENR S,

T rIILOERT VvV

FRUYLEFORERT Vv )LE LT, Asheroft[31] IC K DIREI NI 2GR IR T v
)L (Empty-core pseudopotential) Z W\ 2. TOHERT > vbik, 7V 7 Nafhdh [80], ik
Na[81], Na 75 A% [82] FHEOMIEREDOWZRICHNENT WS, WikgF2E TORAR

A
Vion (1) = —SMGﬁOBMﬂGD (2.60)

EHABA%. TCT Z, BMiFETFORTHY, Q BHEMHOKETHS. MUY LZEKI N
FA—Z—0DfHEIZ, TNEN Z, =1 & ay =1.66 TH%. TORIFFEZEMANENTHIC Fourier

ZHTAHE N
—Z r>a
Vion(T) = (2.61)

0 r<as

£i%%. TTTax ¥, ZHHRART v IV TE Ay M A TR EMEINS.

TIWVIZOLDBRT Vv IV

TV LETORART V¥ v)b & LT, Chelikowsky % [29] I K W 2R S MR T
Ty lbzHVic. TOHRKRT VY vIbid 3 Tt FERITRD L S I AN S.
AnZ,, cos(a2|G|)ea4|G‘4
QG2 1+as3

ZCT Z, $MEBEBFOHTHY, Q FBHNROUETHS. 7IVIZTLZEKITINTGA—2—0D
i, ThZh Z, =3, az = 0.376, a3 = —0.870, as = —0.0824 TH53. TOFKT Vv
JViE AL(100) Kl EOHBIB ORI [89] ICHW SN, WIERR L T —HL T3 [30].

! (Q) =

on

(2.62)
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2.3 The hypothetical unit cell used for the one-dimensional Fourier transformation
of vien (@) in the z direction, denoted by dotted lines. L. is the size of Region used in
self-consistet DF'T calculations, and L/z(>> L.) is the size of the hypothetical unit cell
in the z-direction

RHRTIE, 2 RITHEFZER TO vion (G, 2) DRADRBETHS. > T, z HAD 1 RT
Fourier Z2#17%2175. BSDF {£Tid, RiE z AR EMN TR W72®, Fourier Z2#UCBIL
TH 2.3 IR T KREZAREDHANZH NS, 2 AN TR EEHAMAEZ VN R 5 i
Faf TOIR RO AERIZIHETEZ 2D T, ZOHRECDNEIZIEH#THS.

2.8.2 Hartree R vl

WERODEG D58 7% 58 Hartree N7 > ¥ )V Vig(r) 1&, Poisson SFERXZHNTRDB L
MTE5.

V2Vu(r) = —4m(p(r) — p4.(r)) (2.63)

CORTIv)IVE, BEF-EBFHEEH, &2V Y LMEAFRZR E O IERESR D & 4458
DELOREZ ZTALTNS.

BSDF {£ T, RS HATARGTMD 2 Rtk 122/ T 2.63 2D Poisson SR ZEL 728
IZ, Hartree RT3 ¥ )b & EREEIX Fourier B E 115, Hartree N7 > v )b & EREEIT

Z Vu(Gj, 2 )e' i (2.64)

Z PG, )e I (2.65)

LHEZEES., INHOAEAZHVS L, 2.63d 2 BEEMOAEXTROLI ICHZEES.
d? ~

dz 2V (G\M ) ‘GmQVH(GﬁLa Z) = —Am [ﬁ(Gﬁ>Z) - ﬁ+(z)6Gﬁ”Oi| (266)

ORI n ITHATICHELS TN TES. FHHETIE, Kohn-Sham A7z & & L ARRIC,
Z D FElE Noumerov D512 HWT 6 ROZED FRENICHBIL T2 &N TES. 2 FEOH
W Rz, 2 DOBREMDPRETHS. Vi(r) KT T B, £/ 10 T Ef
EENFN—ERDT, 2=21 & 2 =2y TOEREZEMHE, ThS5DETRDODEIICEZSNS:

Va(GP,21) = EY — [VXC(GW, 21) + Viu (G, zl)] Seo (2.67)

V(G 2n) = B - [VXC(GW, n) + Vion(GT, zN)] Sero (2.68)
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2.8.3 KHERERT VvV

DFT O#NT, Hatree KT ¥ ¥ )L RV ZETFDB DL T DB T S122NZARRN BRI A8 HAH
BRT vl Vie(r) IKEENS. & UBERICE TIIHANZ AR EZED k2 % BB R T >
Ty NVEHWAS T ENTESKA5IE, DFT BHETHS. LELEDND, TOX D BB HH
HRERT > v VETNETOETARDD > TWVERY. ZT T, RHHERT VY vibicxd
ZEHRELO—DF, REEILLL (Local Density Approximation:LDA) TH O, T
—FHEERTIAHVWSENTVS. LDA Tk, BT ROHME T %)L+ — ELPA 13, HifiE
T 0 ORI T RV F— e o[rs(r)] DY ro(r) IKHFLWVEEOY—F T+ HADI RI)VF—I
HELWEWSIRED FTHEINS. TTT ry(r) 3@ » TD 22 XATEHEINS. - T,
Vie(r) ZRZE O BREHEEN S XD K> TEET 5!

_SEEPAr) 4 ol ,
Vielr) = “5 0 = s [ anptn)enclotr)

AW TIE, BARRASHAHRE T 3V F—5E .. (p(r)) & LT, Ceperley & Alder H—Fk#E
F A A DWTEF Monte Carlo %2 FHWTRO 245K %Z, Perdew & Zunger DMRHTIC LB
LEIETH %

_0.458167

rs(7)

Exc(rs(T)) =
0.1423

14 1.05291/r4 () + 0.3334r(r)
+[—0.0480 + 0.0311log rs(r) — 0.011674(r)

+0.00207(7) log 75 (7)]|©(1 — rs(r))

O(rs(r) — 1) (2.70)

ZHWTz.

29 HOFHERE

BSDF T, HEFICE < /& Hellman-Feyman ¥iEg [34] IC K > TRHMiiE b, COHITE
Hellman-Feynman #Gf & /1Ol /575 IS DWW T HUC RS 5.

2.9.1 Hellman-Feyman &

—fRIC, HBET p i< F, &, ROBIR)VF— E OFETHEEE r, O TEREINS:

oF
FL__EZ (2.71)

CCTCRIINF DR 7ZEZ 5. BTFROLIVF— E X, Kohn-Sham A5
5N 5% 1 ETHEOHAEDYE {¢;} OB THS. TOEIIIIVF— E DEED/IST X—
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X— N K BMmE,

CROIT LIPSy PR ST B AT}

EEREINS. 28T ROYIHIINIINV =T Y H W N ICHICKFST S ehb, iz, 2Nl
DOIHIE 1 EFHUE {;} MANIUKAFT BT ENDBLZHTHS. BIZE, XD R D i FEDMK
TOYG, —0E/ON &, JFF p @< 0 i FEDOKIr£7%%. Kohn-Sham J7HEHXD/NI)V k
=7 V% H LRd e, ROXZIET 5.

OF
opr = i (2.73)
FESRIIC,
di; di;
E{ei}, Al = [ }+Z{<w H’ 7’Z)> < L2 >} (2.74)
1G5, NIV TV H OFRSEREE NizEAIREE 5,
(Wilhs) = dsj (2.75)
ZiEd D
v\ bl N A
<"7Z}z ‘ > + < N H wz> = 5zd>\ < wzwjz >=0 (2'76)
MMEENS. RIS, 2] F)\ &
1))

EREINS.

2.76 & 2.77 X, ; KNIV =T Y H OFGREELE, FEHc@d iz icksex
IIVF =DM TEIND e RRLTWVS. ZOHEIE Hellman-Feynman 25, X7z, F)
(& Hellman-Feynman 77 & ZNZNFEEN 5.

FEROFETIE, IBIBIE o (FEEPIECR {pe} T

Vi =y deces (2.78)
3
CEESNS. BEHE e &, ROEHESTEEDERES.
Z H&g/Cg/ = &; Z Sﬁf’cé/i (279)
34 &
CCT
Heer =< ¢¢|H|¢er > (2.80)
THY,

Seer =< P¢|der > (2.81)
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ThHs. TTTOHmz—MbT 272DIC, ¢ ZIFELRETS. 2.79 A5 2.82 Lz AWV
F(y) = §j{<m

o) ()

Epea{(ofrf) - (o)} o

WE5N5. TOHDERNE, Pulay J1EFEHINS [35]. RKICHRD 2 DOFKMFDONESL 5 h—
FTERDIDEE, Pulay Jidv¥obixs.

1. HEBEGR {6} DY\ IKiELERY. Thbb, @ =,

2. SLEBISRD TR ROBA.
BSDF #: T, ; 3FE TR R ICRE LAWERE CRBE NS, 72720, EREEAMIC
FEPIERERIFRINTOAEVESD, 2 HICZBHE R, 65T, BIRENEER

REICINK T IR D, Pulay Hid¥o bk, AR FEKEEREREEE UTHAT % KERM)E
D—DOTH 5.

292 [RFICELAH

JFFICf# < J71& Hellman-Feynman FEmIC X 2 HA 5N

OF
= - 2.
F, i (2.83)

WH5RES. TTTF, FET plc@< ), EEROETIIVF—, R, BT u OFETHS.
T @< SNERD 3 DICHRT BT LM TES [55).

1. 7 p DIEDA A Ve BADEREEE p(r) ORIOHEANER:

0
‘Filctn—electron = _8R“ /d’l’p( ) 1on(’r) (284)

2. JiT p DIEDAF VS & 2NN ORI O EAFH:

unitcell oo

A /s
‘F‘il;nfion = (285)
3R“ 2; E:VA + (RY — RY)?
3. T p DIEDA A VR EIEDY 2V LR py(r) OO ELER
9 p+(r)
M — ®
‘Fionfjellium - ORM zZ /d’l" |’I" — R“| (286)
RERIC, FACH< 1, Thsojofie LT
Fr = ‘Fllon electron + ‘Flgn ion + ‘F;;(I;nfjellium (287)

ThHABNS.
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210 FURIVEFICNT SEREES T OH
BSDF #lckvEoNZ s R IIVERL D, brXIVEFICHNT HEEES S % 2 DFET
T 5. B —DHER, 1.1 KOWMDZEME LR TEEES X 2T 5 L TH 3.

h? <11 AM+05A@>

d) = — [ — 202
uen(d) = 30\ Rg M T, —055d)

1 LM+05A@> (258)

=0.952 [ —1
' <Adn]dd—05A®

TTTd & Ad ZNFUIHE - BORIIEEEE L PR OZFRIRIE CTH 5. AW TIE, Ad Ofiz
HWETHCENS 04 an. & LTz, b2 3IVER L(d) 1X, BSDF B KO ELNIEE V5.
CONETHRLONIERES XX, WETHS5NS LBH ICEEWNILT 28D TH 5.
B0, K241R9 BSDF NSRS —ETANKRT Vv V2T, HEHE
T2 O RN EEAERR EO—BFHENRT > v IV O KEE KRS X (Maximum
Barrier Height: MBH) & E#T S & TH5. TOEHEND, MBH X b2 xIVETNEL S
—BIAENRT VY IVORESERTHEEELTHVWA T ENTES. &5, AT Mk
BEEX ) &3 LBH & MBH Offif#XKTEDET 5.
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s

6 —
3k Maximum Barrier height
5 10 5 20 25

O

Effective potential [eV]
&

NN
Ul N

Tip-Sample distance [a.u.]

2.4 Definition of the Maximum barrier height. (a) Two dimensional effective poten-
tial distribution in (110) surface and (b) one dimensional effective distribution along the

line indicated by a dashed line in (a).
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E3E
REE 2 BOXaD LBH NDEE

3.1 AEDOBH

% 1 B THIN Uz Hamers FIC K% LBH ZHW\ /e Si(100) i EORKMOFEZETIE, X 1.9
IR LTk 51T, Type-C RMHIET STM & LBH DT A > 707 7 A )VEFBE IO M
T T ENHREETNTVAS. —J7, Kurokawa 5 [46] 1Z[A U Si(100) M =D Type-C K% i
N, Hamers % & (35275 0 RIAAET STM & LBH O A > 707 7 A )VIEIE CMMh 2 R
RzeMEL TS, K 3.1 1< Kurokawa FDHEREREZ/RT .

(@) =0 ©
... “ 5 .
. - B05 P
> E g
> & =
. o
- > | 0.0 1 ! 1
N 0 10 20 30 40
S, V. Lateral distance [A]

Lateral distpnce [A]

3.1 Constant-current STM (a) and LBH (b) images of the Si(100) surface at —2.0 V
sample bias (filled-state imaging) and average tunneling current of 380 pA. Cross-section

topographic (¢) and LBH (d) contour of the Type-C defect along the line indicated by
arrows AA in Fig. 3.1(a) and (b)[46].

X 3.1(a) & (b) &, Si(100) m_EOFR—fEED STM & LBH §TH5. £z, K3.1(c) &
(d) 1&, K 3.1(a) & (b) DEHITRENT Type-C KKad STM & LBH OS54 > 707 7 A )b
TdH%. M31(c) & (d) 5, STM & LBH ORMNIETD T A>T a7 7 A )VEFE CMiMZ
IR T EMVh S, Kurokawa FOFERIZ Hamers HFOFER & —HET, TOA—HDFENKICD
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WTRFAEDEHIAIE R TN TR,

Hahn % 51]1c &> T, 79774 FEHEO LBH NOREOFEI DOV THRED HI T
. WEE, FI7 74 PREICTINF—DREDS Kt 44 > Oz & b Kifi EOZ LR
LIBMORMEZEED, Thb% STM Z W TREL S #N. [K3.2(a)-(d) 1&, 100 eV & 50 eV
D Krt A A ZHERELTT T T 74 & EDO STM B& LBH % TH 5. X3.2(a) & (b)

3.2 (a) STM topographic image of a graphite surface impacted with Kr* ions at
100 eV. (b) The image of local barrier height obtained from the same region simultane-
ously with (a). (c) STM topographic image obtained after 50 eV Kr* impact. (d) The

corresponding image of local barrier height from region (c)[51].

&, 100 eV O Krt A4 Y OHRICKZ2RMDH 2757 74 REDE—HIEKTD STM 4
£ LBH % THH, KRipMiEx STM & TIEHS <, LBH BT A A—YTNTWB T &
M. LBH BICBWTHESTO LBH Offild, REaH/EWHEETO LBH Ofik b X%
0.3 eV &LV, —J7, X3.2(c) & (d) &, 50 eV O Krt 44V DEREIC KB RMaDH TS
T 7 A FREOFR—HETO STM 4 & LBH 4 THO, STM B TIERIAMEIZIHS < A A=Y
ENdH, LBH B TCREREZFAETE S K EHBOEN TN EWah 5. RO RILVF—
KX BBH 0 OREND, 50 eV O Krt OEZETIFEROXRMA, Fiz 100 eV O Krt OffijZE
TRZERBHZNZIWESNE T EAVREN, TDT eh b2 MIE STM & LBH %D
W/ CA A=V ENSED, FEOXME STM LTI A A—YENED, LBH B TIEFAA—IE
niznc Moot LhL, KKK LBH OZ(LIC DOV TIEHo4siHiE TN vz,

CNETICHANTz&L S, LBH NORFOFZEIHEICB W TEHEERERTH 50, HERNIC
TRCEREN TS LIEEABV. T TAETIE, BSDF EIC K D REH 2 HICKMEND S
A1(100) iz VT LBH NOXKEOF2, Fic LBH OBEE - sRRIRETEE & N1 7 AFBIEDHKAF
PEIC DN THGETT 5.
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3.2 FEETIV

STM DOE7 )7, K 3.3(a) iCnd. FRRMEICE, X 3.3(b) ICRTEMBEDOT =V 7 L
BNS AL(100) @ 2 FAERWFE S TETIVEHVS. 122U, BN R 1777 60
16.2 a.u. x 16.2 a.u. TH5. —J7, STM HEHcl, K 3.3(a) ITRT X EHBEOT VT LA
AN Al 17 1 Azl S8z 7 )Vefnsg. @l EHEOY £ ) 7 LEMD Wigner-Seitz
HRE, VT ALIGEWEE LT 2 £ L. 512, LBH NORMOMEETAND F2dIc, K
3.3(c) IR T ERHH 2 BIKENHZET N EHANS. K 3.3(b) DKMV AL(100) £ifiZ
HURERE, F72X3.3(c) OEMSE 2 FICKRMEA Al(100) Lz /RMERE TN TR LT
5. RMGEIORGEIINL CIFHENTEDH 2D, TOXI BTANTHWEERHRZHNSZ 2ICXD
LBH OYHNZEKZ KODHEICTE S N THEINS. £, —RICIFHIIMENT AT
AEFEOMFIC X DGR 20N E, FHRBEEIRORIRD 5 JH-FH GO ki3 bk
Moz,

(a) (b)

3.3 Schematic representation of the present tip-surface system. (a) a side-view of
the system, (b) the surface model of the non-defective sample and (c) the surface model
of the defective one. Bright circles are Al ionic cores in outermost layer and Dark circles
are Al ionic cores in the second layer. In the surface model (c), four Al atoms are missing

in the layer next to the surface.

FHETEERE 2 EmTHH L2 BSDF &2V, “FHKEOA Y b4 7 T3V F—1E 3.8 Ry &
U7z, LBH O#EL - ORI 2R B8, RN/ 7 AEEE LT -2V ZHINL .
— N BB R O STM HIE TIE T DK S REWINA 7 ABEEHAV S NIRWD, RO
ZWHMEIC 9 2 7o DICHCRVNA 7 AEEZ N L7z, £72, LBH O/NA 7 ABEKIFEZ X
S, PREF - SURHMPEREE 11.0 au. & L.

33 FURIVERILUICRESE OBRE - SR FERRKFME

COHEITIE, KA b >3 )VETNE O FERE S & OB - BURIRFEEE DI ENG 2 552 88C
DVWTIHN%.
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3.4 Calculated tunneling currents as functions of the separation d. The tunneling
current is represented in the logarithmic scale. The circle and square denote calculated

tunneling current of the non-defect and defect samples, respectively.

331 bFURIVERDEE - SHHMERKEFLE

3.4, brRIVEROLHE - SRR EEZR9. K 3.4 &b, REp&m & HEEL O
EBL50 k)l b HREr - RURHE A OB & HNSHREBIBIICHD L T2 T e 5.
7z, FHRUTEREE - AORIRIEREEOFIPHN T, RERIO b >3 )VERPHARmO > 3 )V E
MEEL D EREL, I, KREpRm & FEARRID b > 3OVEROZIGHRE - U RO 1
eI RELEZ T EDNNS.

3.3.2 [REFTOHRI - SHMERKEFMT

3.51C, LBH =5 U MBH O#E - BRI Z7/R9. T T, LBH IZXK 351
MU R RVERE 288 REAWTHH U, K 3.5 X0, e - GRS 11.2 au. &
15.8 au. DEBSDEHATE, LBH Offild MBH Ok b & KXW LM 5. T OFEHRIE
Lang OFEHE [18] &—H L, SRIOFHEMERNSE 2.88 XA TFliE N5 LBH & F > xIVEFIC
g% EEE R X LEEIG LRV EEMRTES. X 3.5 IR EN5 RS BIRFEOREIE, K
faZémio MBH Offi & BRI O MBH ICIZ K EARZEIG RV, KEgEmO LBH OfEIFFEAEE
MDD LBH KD EHSMCKRENWCT ETHS. K34 X35 K0, REGERmO ~ > 3 VEFRIGH
FERMO b 2)VERKIDEREL, T, REERmO LBH FHEXHO LBH KO E/NEW
TENIHB. 5T, STM AR TIEIRIEMNZWVIEFHAMEX D & RMAEIZIHS S A X—Y &N,
—77, LBH TR RMMNEIGEFEMEX D A A—VEINZEF VA ZTENTES. D
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3.5 The maximum barrier height and the local tunneling barrier height which is
estimated using the formula Eq. (2.88). Open and solid circles denote the MBH and
ABH of the non-defective sample, respectively. Open and solid squares denote that of

the defective sample, respectively.

£0, KREAIETIE, STM & LBH BDOMMIKIET 5. [ARARHIE, Hamers 55 [40] I &
% Si(100) i 0 Type-C KFf=° Hahn 5 [51, 52] Ic kK © 75 7 7 A b E D REGNLE TOM
ETHMEENTOS.

3.3.3 1Fét - ARREERMKEEICOVWTDER

R & HARETO b 2 )VERDEE, K 3.5 &K 3.6 I</RL7z MBH &IRREE &
(Density of state: DOS) " HHifiEd 2 &N TE 5. X 3.5 &0 HAEKM & RKp&REmDO MBH
DFEFNENDT, BRROEE/NINVEFZ 5. — 7, K3.6 XD, Ep Zalk&KED Fermi 4
fikLlzbZx, TXIVF— E N Er —0.75 eV < E < Ep OHIPAT, KREG&RDOIRAESR 1L FEAH
RHEDZNEDERENT ENH B, U RIVERIIEBETFOZRILF—0MinE i kEL< &
%DT, 3.6 1TmENTRIMAER & FAEEL R OIRERE DD b 3IVERODAZL | E T T
B> T, KREEKR & FAEEETO b > XIVEBROAE, IREREDAED LIRSS N TES.

RS, REaEm & HAELRO LBH OBICOWTERT %, Kk & HAELRO LBH 0%
(&, EZER OB R R E O EIC EAREEELEROLEDO T HNELEENT BT L AERL
TWa. M3.7IRL (011) HITTOIXIVF— Ep OBMELESANS, EAH ORI
BN ZMHRTHTENTES. K37 D, KEH 1 EH D EZEANOEREEOJEZ LK
2L, FEROBE O ERREOLA O MRIGKI DS EICHANBENIRE N LAIDS.
CHEIROKX S ICHET H T LNTES. K FATH RO T X )VF— ¢ TH 2 BB,
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3.6 Calculated density of states of the non-defective and the defective samples for
applied sample bias voltage —2 V. Solid and dotted lines denote the DOS of the non-

defective and the defective samples, respectively.
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3.7 Calculated electron density distribution p of (a) the non-defective sample and
(b) the defective one in the vacuum region at the Fermi energy. The interval of contour
lines is 50 nm 3. Both p’s are plotted in the vertical (011) plane containing the center

of Al ionic cores indicated by bright circles.

RDEK S ITHET 5DT,

k= 2|E[+ ¢ (3.1)
KAFAT /IS KR E B T30V F— 2 F DI E PRI HZE P Tl iR 5. T T E BE
ZEHERLIN S S T2 BRI DO T XV F—TH D, 2 BiEREICEE LT 5. KEFET/7Mm0
FEHAEDNIC KD, /INEWRETAT/ M OME)T 3)L F—Z R DB B OIRIF LN E <7 %
DT, R, REpZREOFEEFBEBOBE I, HAREHOFEHBEBOBELID D - Lk
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%. BdRoiEimc kv, MBH &9 & LBH "ORMOFENLOEETHS T L BRI ST

EMTES. MBH IZFERHED Al ETFDALVRTVI Y )V XKD FICRET NS DT, RTFOE

ERIFRKE S ZIEUAVIRED MBH ORMOZEZ/NEW. —J5, LBH SEEBIBORERE

2:581—?1, B 3.7 IR LTz K D ICRIAIC & D BT COB FREOREARENG ST I h
> T, KD MBH "D XK D E LBH NOEEO/THAKEI .

3. FURIVERLUICEESETD/INA 7 AEBEKEFNE

COHITE, b YIVERICICEER: S E OINA 7 ABFEREEANKRGD G 2 5 520DV T
RS,

341 FURIVERDINA 7 AEBEEKFY
X 3.8 ICRIfam & AR E O k> )VER [ N1 7 AETE V iz R . 38 &b, #
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3.8 Calculated tunneling currents as functions of the bias voltage. Open and solid cir-
cles denote the currents for the nondefective and defective samples, respectively. Straight

lines are guide for the eyes.

BEED [V HifRIZIEEAEERTH D, NAT7 AL TRIERNRTH S N5,
—7i, RpEmoGa, -V MfEIFHIETH 0, N7 AN UTIENTH % T &V
5.
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FEESETD/N\A 7 AERKFHE

3.9(a) & (b) IT, REpKmEHMERROZNZNO MBH & LBH Z/~9. X 3.9(a) & (b)
M5 LBH i MBH XD & KZENWT ENnH D, THUIREFITA RO CIADRIFIC K D FiA
TN [18]. KEp&im & HAEKE O LBH OZEIEATOHI Tigin Lz K 2 ICIHEROEN SFHE
N%. LBH O/NA 7 ZAETFAMRAFIEIC OV T, 3 DOHEERRHZX 3.9 h 5 RTHNS. F—

3.4.2

(@) nondefective sample (b) defective sample
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3.9 Maximum barrier height (MBH) and local tunneling barrier height (LBH) of the
(a) nondefective and (b) defective samples. Open and solid circles denote the MBH for
the positive and negative bias voltages, respectively. Open and solid triangles denote

the LBH for the positive and negative bias voltages, respectively.

DRI, X 3.9(a) HSHAEKEO LBH 331 7 AMIEHEEN A RI L THB. DFL, &
INA T ABIED LBH &, 1IENA 7 ABETOZTNE D EHICKE . SN0 7 2Mifkic k% LBH
DFZ, NS T ABETR/NEL, BN T ABETEREY. N7 2@tk k% MBH O
7213 LBH O L AMEAIRS V2R . ORI Yagyu & Yoshitake I X D #iis T N7z HlE
fd & —HL T3 (67, 68]. S _OREIE, XKFaRMmO LBH &, HAHEMO LBH &3
AT A2 R T L THB. DED, RKEOHSE, [E/31 7 AEETO LBH HE
AT AEHED LBH &b &K&WV, —F, BHERAOES, N7 AEFETO LBH MIiEN
A7 AFEED LBH & H & KEW. TOFEIX Mizutani FIC X B HERKE L —BHLTW3 [66)].
¥ 7z, HEXREOWS, MBH & LBH IZFRER/ A 7 AWK 2R, B =R, KA
K CTIENA 7 ABEDLGZFRE, LBH 1331 7 ABEOBINCHICHRICHDI TS L TH
%. RMGEE TIENA 7 ABEDEE, LBH I3NA 7 AEEDN +1V Th/Mit %%,
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343 NAT7AEEKFEICOVWTDOER

X 3.81I/RLTzkSIC, RERERHEOD b > 3 )VERMD/NA 7 ZEIEICH UTIEERZRL, %
ToINA 7 AR U CIERFRE 2R 9. RS, BNA 7 REBIEDGAICIN, 317 AEE
D b ¥ RIVERDIEFIEMEZ RN T DB, Z T TIENA 7 ABEDLGEDIEREIEOFHA
AR B T2HIC, THRIVF—h ER + 1 eV TOBMEEDAEILIETS. 2T B 3EED
Fermi ¥ TdH 2. X 3.10(a) & (b) I, HAHEH & RMERROTXIVF— ER 4+ 1 eV OEffH
Eofizemrd. K3.10() & (b) &b, REERETIERMEO L0 Al J5i-FOEZE [N B ED
AL LT3 A, HERETIEZO XS HEMORBMEIIERSNEV. —F, K3.9I1RLEk
MBH D/3A 7 ZAEEARAED S1&, #ARKE & RFEEH T MBH OERB/NEWT ERVTH 5.
> T, ENAT AEED b x)VEROIFIZIER, R & 25 L HDORIEIRENERTH %
EEABLNS.

3.10 Calculated electron density distribution p of (a) the non-defective sample and
(b) the defective one in the vacuum region at the Fermi energy. Both p’s are plotted
in the vertical (011) plane containing the center of Al ionic cores indicated by bright

circles.

RIS LBH DINA 7 ZABHFMAFEICDONTERT 5. ik, LBH O/31 7 ZAEFARIF DR
Kk, RHES 2 BEOERMEMEEZ SN TWVS [50, 49, 66, 15]. Z T THREEX 2 HEOD
WEEHNS O, K3.11(a) & (b) IS, AT ABED -2, 0. +2 V ORMEER & HHE R
TOBMEEMZZTNTIURT. T T TEMEBEDA RS FO 028 D £ BERE
WEDMETH B, £z, K3.11(a)-(d) IS, 0V ZEHEL Uiz £2 V OBMEEDE Ap/pmax 72
RLE. K3.11(a) & (b) &0, LMEK 2 BEERMEREBEEZAOL 5 THELTED,
EH5DORMEBEVICELILTWA T EDNN S, E5IC, K3.11(c) & (d) &b, AMEhic
INA T A K 2 B E AR OZACIZ R IR E HARATIZEALERUTHE LETDS.
it-> T, {EEX 2 BEH LBH O/ 7 ZABEKFHEOFER TRV e 5ns.

LBH O/\A 7 ZBIFAFE O RN ZEIHT % 7281, BEZerh OB OER & LBH OF
RICEEHT 5. Tx)VF— E OJEFIRBOEZEHORER k1R FHART

K* o« V(z) — E.(k)) (3.2)

LEABNG. EEL, E(k)=E— " T3, STV &k BENEUEDEF YT v I
L EMICBETLIHAN Y FVORS THS. LBH FIEh OWHMMOMESED 2 REEAD
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3.11 Calculated electron density ditribution of the (a) nondefective and (b) defec-
tive samples at the bias voltages of —2,0 and +2 V, respectively. Solid, long-dotted and
dotted lines donote the electron density at the bias voltages of —2,0 and +2 V respec-
tively. Ap/pmasz of the (c) nondefective and (d) defective samples at the bias voltages
of —2 and 42 V, respectively. long-dotted and dotted lines donote the electron density
at the bias voltages of —2 and 42 V respectively. Here Ap and pmq. are defined as the
difference of electron density at —2 and +2 V from that at 0 V and the maximum value

of the electron density at 0 V, respectively.

N30T, 32 AKDBETIRED B, ICEDX I IRFEL TV S, LBH O/NA1 7 AEE
KN ZEIIATE 5. > T, BENOEMELD E, nHZfiid s, CNZTd 579IC,
FADY 2V LNEMTRENVSGD Fermi M 2L LT, TN DEREWVETH SRR
TV VO B EEKT S.

B 3.12(a) & (b) IZ, /\A 7 AEHEM £2V QXK & HARED E, [CBI9 2 BRI
HZENTIURT. BEOREESINRE W zo, BEEHEmLIN D & BB U2 BB
INEVDT, K 3.12 TOEZUIHAM LB BEUS A E  FKFE LRV EEZ 5N 5.
HRRmOLS, K3.12(a) X0, E, BT 2ERFHEEDMHIENA T ABENZLLTEAREL
ZEHLIENT EN NS, HAEELEO LBH O/A 7 A EFEMEZ MBH &ECHEATHD,
Mo TNA T AMMEIC K D LBH OZEEIEMRT >V v IVDEICEINT %5 EEZ5N%5. MBH
DINA T ZFEDRKIE, F31 7 AEETIEENR T > ¥ v VB e ClRFTIc iR 4 %
CENSHRTES (91, 92]. CORFANEARIRT > v )LD, PREEmICHES NIE
TEEEOERICEZEDTHB. —J, ENA T ABEDOES, HEROFHEEICLIDE
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3.12 Calculated electron density distribution of the (a) nondefective and (b) defective
samples as a function of the kinetic energy prependicular to the surface F,. Solid
and dotted lines denote the electron density at the bias voltages of —2 V and +2 V,
respectively.

NRT > v VORI NE .

RERRHE DS, B 3.91RLIzK ST, 2817 AEHED MBH @3/ 7 AEEDHME &
BT 5D, LBH /81 7 AEHED +1.0 < Vias < +2.0 V ORI THEINT 5. 3.2 K&K
D, A7 ZEEOHEINAEY Fermi ¥ERMIZTO E, ICBI9 2 BRIHE MDD T 2 L &,
ERDEINT 2 L THTES. L, CORENEHRT VY v )LD OFEID EREWD
51, LHB 3nd 5. FE, X311 X0, NA7 ZEEN -2 V O E, ICBI9 % BfAHE
&, NATAEEN 42V OZNELDELTOIRIVF—FHEKTRENT LD NS. o
T, WATAEEDN 2V O B, 1< 2\ HEEDOR DT LBH ZHINEEZEEX%. 0O
AT ZEE 42V O E, 1B 2BAEEORDE, ZEARKD LD Al iy OHZE[OR{EE
LB IRREOIEED BT 2 T LN TE S, JRfEIREEOMEEN I KT AT/ mICF CIAD 5 h,
Z OB CADIEERFEREE S AOEBCHATEZ T XNVF—DWMPEF XL T. Zhdx,
INA 7 ZAEIETO LBH O, 2L Eo Al JFrOB 72O FRTELE iz IREIC X
% E. ICBId 2 BAEEORANTEER S % Lm0 5%,
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36 XKEDXLESD

ARETIE, BSDF EZ2HWTEREAN 2 BHOXMKO LBH NOFEEIC DWW ZiT> 7. §F
IZ, LBH DS - sbRHMEEEHE M & N7 7 REBIEARE N 2 ikim L Tz,

k> xVER & LBH O%EE-AURIB IR KA D 5, FHE UZEEE ORI TIX, STM BT
REGMIEIZIAS <, LBH AR TIERE 25 &M olz. GRT o vl 6RES, HERIC
kY FIVE T L B AR Y OREE S & O MBH OXIFENE & HAENETOAIZ, LBH OEL L
LT, ETENENTENghoTz. ThHORRIE, Er LT 3VF—iE T OIRER
D7 L ARERAEOBMBEOWMER, Thb 2 DD EALHITEIENTES.

T 51, KREGEM & BAEELROMW /7T LBH 351 7 AMEREE A2 RT T eWoh ol K
MAZZi T LBH D31 77 AWM PARAFEE, PRARRE O LBH DO/8A 7 AfPEARA7 % & 13 oo
fErmzRd e nhofe. TNHOMRIE, KBS 2 BEEOHMAMNSIFHAT S LI TE
T, HINENINA 7 ZBEIC K BENRT V¥ v VOl L KB IREDZELE VS 2 DD
HNHOSHHTZ S Do Tk,

LBH OIS NIz \A 7 ABEARAFED DA EIZE [ & M A2 720 TE TRV
V. LA LEDD, REFETHLMI /AR5 LBH NOE FIRREDFEIIEHN T — 2 B R %
FeDICEBEICR DI THS. HINENTNA 7 AEBERERIC X D HEHEMED LBH N
HRWAHICT 22 ld, SHBOBEELHETHS.
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E4E
R RFIED LBH NORE

41 AEDBEH

Au, Pt, W, # L T Carbon nanotube FZ M E & Uz ZHWT, A xELmbEoO
LBH {ENM TN T3 [66, 67, 45]. Au JiT, ZRHE5TIC Pt R FZHEHNCHWT, FEKEN
7z Au(111) i L LBH MHIE TN, LBH A8 7 AR 2R EAMEETN TV
[66]. 7z, Yagyu % [67] 1%, Au(111) OFEHERLE D LBH Z/31 7 &L -5 <V — 30 mV
THEEIEIEL, LBH O A 75 LZEKL, LBH OFEEZKRDHz. K 541R-FT XK1
LBH DOAENNA 7 ZEBTICIFIFMAFETIC 04 eV THBH T &, Tz, BEMANE Au (15HH
B (5.31 eV)[84] KD E/NEWT EEIRLEE. LAL, Au TSV TR S Nz Eet 2 vz
B, FOXS EEEIC/NEWV LBH OIEHIE AT [66).

A TlE, BSDF #£% AW T LBH O RO 2% FIERINIC TS 5.

42 FHBEETIV

ARETIE, 93 BTHALI LB Y £ U 7 LEMIC AL(100) A5 2 B0 U7 Bk &
5. REBHEIERICKRELEFGTZDT, Vo)L X2 A0S EORLIZV. T
D7z HFEEHEICT B72HIc, Y)W LEMIC AL(100) & 5 E2WES¥leT7 V72
WOIRRERE & LBH ZGHHE Uiz, AL(100) 2 2 J@ & 5 @O EOMRZ KT 5 &, ZDxEIE
LBH T3 % BETH-7. > T, REHEEDAEND, RIFFICBNTY oV T Lz vz
WBIDTNEEZ 5. BRI, PEEOY 2V Y LEMIC Al JFET, $UL<IE Na iz 1
DE LIET NV ZHVE. SRR PRI Al 5T Na 7Pz A 28 ik, 205 05
BOAEMN 15 eV EREVHSTHS. BirAIC, Al £ZiliL Na ZEOMLFHBEEZZNZT N 4.28
& 275 eV ThH5. BEHARMERE, HEEAHSREE 1 BORFE CHEMTER L.
Al JF7, L& Na JEF0WgE Liey VU U LEMO Wigner-Seitz 21, ThZEhosb
JIGEWMEE LT 2 & 4 & U7, BAROXREHATHROEEE 16.2 a.u. x 16.2 au. & LTz,
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43 E.IcETSRERE

RIS RZ TS 2 7cdic, B, IS 2 IREHEZEATSH. T TE, 2, RHEE/THO
HETHH SN EFORB TX)VF—LERTS. 9, RETHE p &

g > /ﬁ dEO(E — E%)

i=T,S

F sBZ
m i 2
%;&@%d@/ diey3(E — E(ky, k") g e (7)] (4.1)

THABX%. szwg?m()@?ﬁ(ﬁﬂ)%@W%baﬁ%?%ﬁ%%ﬁfﬁb,%h%
DOWBBIBIE T IVF— B, RENTATRBEEANY FIVORS k), REICEEZEEANY BLD
RGBT R RED. RENCEEZEEANY MVOKD k™ i, ROBGRATERINS

(k’ll "'GH ) m
=== +E (4.2)
E?::%g) (4.3)

CCTmiE E— >0 ZiET B THS. ELS) 1E Fermi ¥R TH Y, F iz,
Eﬁaﬁ%ﬁ(ﬁﬂ)%@@VIUWA$T//WW@ﬁ@IXW$ —TH5. £z, O(s) &
Heaviside BA%(TH 5.

IS B ikEEREE D(E,) %

(kH —‘rG"rln)
2

D) = [ dro® () (4.4)
Q
TEHTS. T
2E1
pP= (r) = E E:./ dk. 2:/}mW5E ET)| W oy e () (4.5)
i=T,S 2El

THY, QY IVREERE L L, ChafsteatrichiEn, »o, e L Eapo
Fermi ¥l (CNEBOMEE L EE 2RT) X0 &KX WEMET VY v b &I 5 b L i3
5.

AWETE, bV RIVEFAOBEREG EMICT 519, T3VE—f Bk < B < BE
CIRERE D(E.) Z7HIT 5;

2E2

D) = [ dr 27?3'2 /E dk. Z/dk”aE W e (MF (46)

CCCTELIRE L ELOEEEMRNTIIVF—TH5.
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4.4 [EEES T OFRE-SH MERH&TEFNE

4.1(a) & (b) I Al FE#t & Na £E8t> LBH & MBH OFE: - GURIEIEEHEFEZ ZhEh
RY. ThHOFETIE, MAEEZ —0.25 V &Lz K4.1(a) & (b) B 5, KD 3 DORHK
ZRZTENTES. HH 1 OFEIE, Al #E8F & Na BEFOi /5T LBH Offild MBH Ofik b
LERENTETHB. Thid, Lang[18] IC K> TRI NI b2 XIVEROK OB CiADIIR
KXo TEATES. b 3)VEREEICHESE T L TR OEEZ RN, DRI T/
[ DGR G 2 EE TRV F—DADZE [ FRI L, MAOREIE LBH Lu}iﬁ%éﬂh%. 52
ORI, Al SREFCTHIEE NS LBH &, NafETHlIEENS LBH KD ERETNWT L THS.
PR TREOEWIC K S LBH O, (HHBEBOZELEEMICH T THS LWV BlLEH 5
T OREFIIHERR L —8T 5 [66]. RZIC, K41Hh505E-> B EETNIRMIE, Al #“
$& Na 8t TRIE SNz LBH O3, MBH O XD & EOFH-RRMHH T KELEW
5L TH5. LBH & MBH OFEF FHEIC X 2 EmME AL, ROKXSICHRTES. LHID
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4.1 (a) Local tunneling barrier height (LBH) and (b) maximum barrier height (MBH)
of Al and Na tips. Open and solid circles denote the LBH and MBH for the Al and Na
tips, respectively.

wam (98, 99] 5, LBH & b ¥ 3 ) VEEEEGEI COWBBEBOANBERD 2 fEZ DTN
TE%. TXIVF— E EPBNY MU k| ZFROREOWBIBIBOGRIHLELD 2 F £(E, k))?
&, dvpn — Ea (k) ICBBXRZRBITS. 72720, dupn & E.(k)) 1& MBH & &Kl b 7x5#
AT EHEH TRV F—TH5. LBH 3, s(E k) OEANITHITHEEZLNS
M, TOEMBMITFIOMNTINZIEZEL T Id# L. Al HE & Na £ THlE S Nz LBH
D7 §(LBH) = ¢k — oNay ZROBOEHZDF L LTHZ .

§(LBH) = §(MBH) — (E2' (k) — EX*(K))) (4.7)
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TTTHMBH) = ¢y — 0Ny TH 5. §(LBH) & §(MBH) D21 4.7 ROAAH 2 IS
N9 %.

FHICFEANCES 2 HOF R SMCT B 70Ic, BRI EHIREHEHRSZRDIC, E, I
B9 ZIRREHIE D(E.) 2%, X 4.2 188 - AURIRTEREEDY 16.0 a.u. T Al #88t & Na £t
DIREEEE D(E,) ZZ2NTruRd. KEEE D(E,) 3HSE LD HZEH TR Lz,
42 X0, Al SEEHORERE D(E,) Ik, Na HEOIREHEE D(E,) A Fermi ¥EAICTNT
FNVF—ITRELL TR T s, CoTehb — (EM(k)) — EX? (k) DEHDIFF
MIZIEIC A%, > T, §(LBH) A §(MBH) &0 & KEWVEWVS HifIE, IRERE D(E,) HbH
HfFCE%.

- — Al tip
EEREERE Na tip

Density of states [arb. units]

-14 -12 -10 -8 -6 -4 -2 0 2
Energy relative to E, [eV]

4.2 Calculated density of states for Al and Na tips as functions of kinetic energy
for motion in surface normal direction, E,. Solid and dotted lines denote the density of

states for the Al and Na tip cases at the tip-sample separation of 16.0 a.u., respectively.

Al YRt & Na #EEFTOIREERE D(E,) OEDFRNZFHRZ DI, 2 DOGE TOHRT
VIR IVDOBEWCHEHLTHS. K4.3(a) & (b) 1&, BEEF - BURIEEEEED 16.0 a.u. TO Al FEt
& Na BELOZNZTNOEMNRT V¥ v )VifiThHD, ThHEDRMNS 2 DOz R TN %.
H—ORE, M4.3(a) X0 FURIVEREEEOENRT Vv I)LDE - & HRKREXMEIE 3.5 eV
T, ZTOMRETOWMICHET 2L THS. H ORI, HEHFE T D T Fermi #ENLIC &
& U7zl ONEIZ X 4.3(b) KD &K 4.3(a) DN ETHS. TNH 2 DOREND, M
JiFOFEENC T B CIADIIRIEZ, NaEHOLEL LS Al OLEDHBRENT EH
5. [18,54]. H-T, E, & Na HEtOBEEON M Al HEHOBAEL b ERET V. DRI, Al
PEEE Na BEEHTOIREEE D(E,) ORI 4.3 1R ULIEEIRT VY ¥ )LOEWD ST %
TLEWTES.
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(a) Al tip (b) Na tip

q GIH
_QO A -6038

0. Ol

[eV]

4.3 Effective potentials of (a) Al tip and (b) Na tip for bias voltage of —0.25 V in
vertical (011) plane containing centers of Al ionic cores indicated by bright circles. Dark
circles are Al ionic cores, the centers of which lie on the same plane. The potential
regions higher than the Fermi level of the tip are shown in units of 0.5 eV. Arrows show
the widths of the contour corresponding to the Fermi level, which are referred to in the

main text.

45 INA T ABEKEFN

RICHEHR TR Z 1550 LBH ANOINA 7 ABEDFEBCOVTHNS. X 4.4 LBH
& MBH D31 7 ABEMKAFEZ/RY. K 4.4 XD, LBH Offild MBH Offik b &HicKEW
TN B. THIEK 4.1 EEBIC R R I)VET OGO CADRNEFHHIHTE 5. &
—ORHEIE, Al PREHE Na £85FD MBH WAEZG A 7 Ak F 2R 2 & THD. T74b
5, HAEURIEEO MBH 2, [ERUREREOX ST 5 MBH &0 LR WEHE ORI, Al HEto
ey, LBH & MBH D RIERZRNA 7 AMMERE 2R C & TH S, BOREIE, Na £REtO
560 LBH ARG NA 7 ZMMERTEIER, AlEH OB EOZN LGOI ERT T L THS.
DED, Al BHOWGE, ARKEETO LBH OfA, EilkEED LBH Ok b & KEW.
UL, Na B8t0iE, EARETETO LBH OED, EalflEEDO LBH OfEX D & KXW,
F—DR, MBH ONA 7 ZAREARAFIEIRD & 5 ICHETES. HIINA 7 AEBHEIC X D
flE NI BB RS R T/ B Uiz 2 & CHMRT ¥ v VBSRFICEA L, chic
KOA 7 ZMPEIC K% MBH O Uz [91). 1D 2 DORZHSRT %72, D(E,) O
RAENEZHFND. X 4.5(a)-(d) 1&, Al ZetE Na FEHC X 2 HEHI L AR O B, 1B %IR8
ERETHS. &l iHELIX £1V THs. K45(a) & 4.50) D, HEHIO E, ICBT 5
e D(E,) &, FICEDL5T, BilRETOLANEANETEOSEGXIDERENT L
Wahd. E5HIC, Fermi ¥EADAE TORTRICK S B, ICBT 2IRERE D(E,) O£IF, &
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(a) Al tip (b) Na tip
50 | LA | — T T T T T 1
O LBH: negative bias voltage |
@ LBH : positive bias voltage
o O G A MBH : negative bias voltage
0 45} e r A MBH : positive bias voltage |
>
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—
+~ 40 1 r .
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O 35| 4 F i
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02 04 06 08 10 02 04 06 08 1.0
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4.4 Local tunneling barrier height (LBH) and maximum barrier height (MBH) of
(a) Al and (b) Na tips. Open and solid circles denote the LBH for the negative and
positive sample bias voltages, respectively. Open and solid triangles denote the MBH
for the negative and positive sample bias voltages, respectively.

WREIEOE G NE VD, FERBEEORARETERETVIEESNS. /5, K4.5(c) &
4.5(d) 15, HEIETFRICK ST, ERBEED B, ICBd 2 REHE D(E,) &0 &, AaikE
JED E, T ZIREHE D(E,) WREVWC LE0N%. EBIC, YHRTRICKS B, ICBd
ZIREERE D(E,) DRFETE/NTNT DTN S.

Wik U7z D(E,) O3 8005, Al L Na BEOBEO LBH O3 7 ZMEKEE DS
VIEFRD K S ICHIRS T LN TED. WOHITHILIGED, LBH ZHKERD 2 F w(E, k)2
DEAMFFETHS. 6> T, NATAEE £V, 1 kB LBH 0% ¢ron ™ — dlgn 0 &K
ROEANIFPHITER B2 5.

MBi Y = bypn ' — (BY=TYo (k) — BY=""0 (k) (4.8)

4.5 D D(E,) DR N5, 4.8 XD EY="Y(k)) HO%HEE, Al HFREHCHAN Na SRE D5 G
TRESLEZDZS. 5T, dlpy "~ dipn ~ MO —(EY=Vo (k) — EY="Vo(ky)) OF
PTG K BHHIER, Al ZRENCIHEAN Na HE O ETREWVIE T TH 5. K441TRENT
LBH D31 7 ZRERAFIER, drpn " — drpn > D Al HEHOBEIZADMHE R, —/7, Na
PEICIEE B T W LHRT BT LN TE 3.

AR L7250 ORI, 97xb 5 Al OHH, LBH & MBH DA NA 7 AR 2
RY T ERERT B, —(BY=Y0 (k) — BEY=""Y0(k))) OEBFF T ERD 2 25
HBH, TNERDZTERZELL. LHALEDS, Kdd(a) & 4.4(c) S350, HEFLH
KON S CNADEFLGIEHLBEFTHIHLES DT, TORNMIEIMHLEANESAS.
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(a)Al tip: (b)Na tip:
- Tip side {1 | Tip side

-12 -8 -4 0 -12 -8 -4 0

(c)A tip: (d)Na tip:
Sample side 1 } Sample side

Density of States [arb. units]

12 0 -12 8 4 0

Energy E relative to E; [eV]

4.5 Calculated density of states of samples and tips in Al and Na tip cases as func-
tions of kinetic energy for motion in surface normal direction, F.. Solid and dotted lines
denote the density of states for the bias voltages of —1 V and +1 V, respectively.

46 AFEDFLES

A TIE, BSDF % W Al(100) £ifi £ LBH NOHERE RO EIC DOV %
fTofz. ¥HC, LBH O#EEF - bRRIEEE & /S0 7 2l O EIc i H Uz, e - SR R B
RAFMEICB LTI, OB FETHES NS LBH O, MBH X RkENTEN
otz NafEBFCHIES NS LBH O/N1 7 AMMEARIF L, Al THIEI NS N1 T X
MR & 3O 2 RT T EE otz TN ORRITHEER FREIC X 5 b > RV kRRE
T TO N> FIVEFORTADOEA CIADDRKE X DB SEFET L ENTE 5.

SEIOFTETIE, WA 7 ABEIC K 2HEEMNEIToTES5T, £TOFEIENA T XAEED
0[V] DEZDETIVZHANT VS, HIEEMZITDROEEE, NI 7 AEED -1 <V < +1
ORI THIIINA 7 ABEIC X B HETICE S HOZEEANS WS THS. L Liahs, Hifn
INA T ABIEIC K B REERERIE S 2 A BV TIRBERICEET 208 MNEV. (o T, MR
HIDFBIDOWTHING T LIZSHBOMETH 5.
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EHE

AEFEDEWICKS LBH NDRE

51 AEDOBH

LBH O&FHiiid STM THIEE NS b 3 IVERZHNTITDNEN, 20 kX )VERONE
I Z A (Modulation method) & 1E#2: (log I-z method) O 2 DDRIE 5 51ENH 5. 22l
i, RERERT ZEICHEEERIE 0.5 A, FEHEK 6 kHz TIREIEB52A 5 b > 32V Z
T 5. ZETIE, LBH OES EHEKHC STM OESEMHTESZDT, KEHD STM H &
LBH 4% FRHCES C e TE 5. ZHiEd LBH I T RMICHVWSNZ D, TOHETH
5N % LBH Oflx, 75 RIEDO NI L IRBIOARLEENSEL S TH A 5 MK %z
R T ENHILENT VS, EEER, REOMTEIGEREINIATRE T/ MICEE U 55
2o h5[E B, HHOBEIR » OB E LT 3VER T Z2HET 5. fiEsnih
VIIVEREEHOBEROBGRZ, logl-z TELIL, s LBH ZiHiid 5. EEEE,
ZEAENC LEARGSE OIRINC AR LT A HER ZHER T E 5. EHAEICK D MES N/ LBH &, £
AREIC AR IS SO BB NS W RAEZRT. UL, ARk EYy, BEEETIE, STM
g LBH §7FRHCTES C LI TERL.

Kuk % [62] &, Au(100)-(5 x 2) £ bOBE - BRI OMEREDOZ IR % LBH OZ(k5s
ZHEL, LBH DR - BRI OEREORA LT NE BB T 2 LTWVWa. K511,
Au(100)-(5 x 2) £ifi ED b > 3xVEFK E LBH O#S - AR EEZ RS, K 5.1 X0,
b 2 3OVETRIZHEEE - BURHIIEAEE s ICEBBIEMICIIZ L T 0B T eh b, —75, LBH 38
Bt - BRI OB ORI L HTNE 2B T WD, LBH &, #E - abRREs 2 E 2 7z &
O M RIVEROED ZHOCTERE L FRICKO BN TS, TORRIE, Na JFFHE
Z Tz Lang OHEGRIEER [18] & —Bd 5. —7, EEEZHWT Au(111) H Lo LBH O
Beet - AURIMEEEHREMEDY, Yamada 5 [74] IKX > THE SN TS, K521, Au(111) HE
Pt(111) D LBH O k> x)VaA VR 2 2 A7 Z2Rd. braxbaryx o 2 A&,
ENTNA T ABEERES N S R IVERMSAEMNENIETHS. DFD, brx)bay
B2y ALk, BEEEE R OHBHCNIET S, X5.2 X0, Au(111) @ Lo LBH &48 - i
FIREEEEIC IIMAZ LWV V5. Yamada FOFERIE, Kuk FHOFERE—H L.

LBH DO/NA 7 ABTMAFED, EREGEZHAWVT Yamada F [74] IC X > TRIEIN TV 3. 1
S, EEEZHWT Au(111) @ B0 LBH ON1 7 ZBEAREEZ X, LBH A3N1 7 X5
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5.1 The tunneling current and local barrier height as a function of gap distance in
semilog plot. A contact point is defined as 0 A. The tip voltage was 50 mV[62].
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2 i
E 4 B T T ;; ® I
S [ ]
=2 i . ) * 1
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g 3
‘“_s Au(111)
e :Au
@ A Pt(111)
— -:expectation Au(111)
------ : expectation Pt(111)
2
6 8 2 4 68 2 Loes
10° 10° 107

Tunneling conductance (1/Q)

5.2 LBHs of Au(111) (circles) and Pt(111) (triangles) as a function of the tunneling
conductance. The expectations from 1-D model are also shown as dashed and dotted
lines for Au(111) and Pt(111), respectively[74].

JEICHAFd 52 &R liz. K531, Au(111) & Pt(111) D LBH O/3A 7 A BRI
ZmRd. K53 &0, Au(111) W LD LBH 3317 AFEEORNE FHTIZIE V/2 TR S C
W a. —J7, Yagyu % [67] &, Au(111) i £ LBH O/31 7 AFBEKGFEZHHX, LBH
WFSNA 7 RBEIHAFZ LRV ERE L TWA. Yagyu F [67] 1, Au(111) fibo LBH ZHE -
AR 2 — B IR BN 5, ZIREICK D EDOMDINA 7 ZEIET LBH ZRIE LTz, K 5.4
IZ, BIECKONA T ABED —5 mV 5 —30 mV TD LBH DL XA RTFT LERT. B A
72 LOJESA LBH OFEEZEL, EE Au(111) £l EOKMICK % LBH O STM
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Barrier height (eV)

5.3 LBHs of Au(111) (circles) and Pt(111) (triangles) as a function of the tunneling
conductance. The expectations from 1-D model are also shown as dashed and dotted
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lines for Au(111) and Pt(111), respectively[74].

DOHE /A RERFZLTWS. TR 0.03 eV OHFIFT, 8N1 7 ABEODHIFIZIFFERET
H%. Yagyu Fix, TOENS LBH &34 7 ABIEICHAE LWV EfSFRDTTWV3. Yagyu

25

- = N
=] W =}

Number of Pixels [arb. units]

o
[

0.0

Autip / Au(111)
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°

\ 0.9nA, -5mV

1.7nA, -10mV

3.4nA, -20mV

\ 5nA, -30mV
|
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5.4 Histograms of the LBH image at various bias voltages[67].

ORI, Yamada HORE L —H LAV, LBH ORIEEISEWIC X D HIEFHENEZ > T
TN SIS 2 BN RIS T3 rbi TV,
CNFTHRRX ST, B CIcEEEIC K OAEE N LBH OENEL S & WS [HE

%7,
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MEBLTWS. 2T, AETIE, BSDF #EZHWT, HEEDEWICXK S LBH NOEIC
DWTHERIICHNT T 5 2 EZ2HINET 5.

52 FEETIV

AR, 3 MTH LIEHEREOET VAN VS, HeHE, Al H1 1 (#% FHEEO
Vo) LEBICKE SEEETIVERWVS. Vo) U LEMO Wigner-Seitz R, TNEN
DIV ZITEWMEE LT 2 & Lie. BAROEREFATAMOERE 16.2 a.u. x 16.2 a.u. & Uz,

EELEZBEA T 2701, B8 log I &, BEEF - BURRIEERE - & 2 £0.4 aw. D 3 WTEEL
7z b RIVERERVTRD. 2720, 21 5.3, 6.6, 7.8, 9.0, 10.3 an. TH5B. Tz, £
FEaRT B0, LRl 2 EZEPHIRIEZ 0.4 a.u. 2RV,

53 brxAVEI 2V REKEN

STM DOJE T, #HEHERIOMOMEEEZ IEEICHET 22 & I3# LY. ZT T Yamada 5§
[74] OREFER & ET B 7201, LBH O h Y R)VaAVE T 22 ZHEAFEEK 5.5 1RT. K
5.5(a) & (b) &, ZFiEL EEAE TN L2/ 7 AEEA 50 mV, 1V, 2V O LBH ® k2%
WAVRE TR ZMEENETH S, K555, bRV AVEIZVAN 1071015 1074 S D
JRWEIPET, 25 & R CRMiE N7z LBH AU & 5 Az rRd C A5, LBH A
Fravary xRy 2y A0, $ixbbEE-RIEER O M LBH AT s LR
RLUTW5. Z1ZL, brxaryZ o2 ZH 10710 05 1077 S O#ipH T LBH OZ2(kiX, b
YHRINAVRE TR AN 1077 15 1075 S O TOZEL L D &/hE T L &0h 5. bR
VR RZYZAN 10T 5 107° S ORIPADFEFRIE, Kuk F [62] IC X 2 Z5ME TH S NlE
e —8d 5. —f, brxaryRs2yZAMN 10710 5 1077 S OHIFHADFEIE, Yamada
H74] KX BZEHEEIC KO ESNMER R L F CHEZRY. #€>TC, LBH O Fr3x)bay
R B AR B BBl E N A—8UE, 2 DORIE 5L TR N R 5 T &
MEKRTH B EEZDZNDG. T, b3V ayZ o2 AMN 10710 5 1077 S OHIPH T,
EREICKODHAEI NS LBH 331 7 ZAEBEIC X B ZEH/NE V. —F, AChrRVarR
722 AT, ZHFEICKOAEE NS LBH 313, 7 ABEIC X DL REWV. FTT
ROHEITIE, LBH O/NA 7 ABEMIFHEICDOWNTHNS.

5.4 INAT7 AEEEKEFL

X561, brrvaryHE T2 AN 107 S OEHEE & AL TR E Mz LBH O231 7 A
BRI 2 ZNEIURT .

X 5.6 5, 2 DOWPELTHME Nz LBH Offild, ZIEFMEENA 7 ABTKGE N ZRT T
EWVh G, LBH WNA 7 ZABEICHHBIT 2 L0 S b 5, IEHE Tl S Nz JIERS R & —5K
5. £, ZFRETIMEES N/ LBH &, EHETHES Nz LBH &I/ S 7 AEFIC
B % 2 Mg, RIS, Z5aRiE TRt E M7 LBH (FIEEE TRMiiE N/ LBH &0
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(a) log I -Z method (b) Modulation method
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5.5 Tunneling conductance dependences of the calculated LBH values obtained by
the (a) log I-z and (b) modulation methods. Circles, triangles and squares denote the
LBH values at bais voltage of 50 mV, 1 V and 2 V respectively.
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5.6 Bias voltage dependences of the calculated LBH values obtained by the log I-z
and modulation methods. Open and closed circles denote the LBH values obtained by
the modulation and log I-z methods, respectively.

EREL, REREROIFIEEDN G HEMROZ NI D EREVE WS (D, Z5R1E TR
INTAERIE Yagyu F [67, 68] IC K> TIFONIHIERR L —F LRV,

Si i [79] & Au K [72] BT, BREFEEAREICE < 71 X B8 BIC X > T LBH 2
THIEMREESNTNS. T T, Fid U7RHERR EREHROAN—HDIRHNZIEICT 5
Tedic, PEOFATLD LBH NG %508 DVTHING. A L % LBH O3,
PREMFE Il < NS K O ZRIRIEDNZ(L T 5 2 M EFIHTE 5. HREHE IS < TN A 7 A
BEICK>TEILT 2DT, ZRIEENA T AEFICKOZLT 5. N7 AEFICK S HE
I < J17%2 Hellmann-Feymann &g [34, 94] ZHW TR Lz, Z#RIEOZLIC K > T
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ffilEE N7z LBH (3,

B din I, \? LAF
¢LBH = 0.952 ( ds ) <1 + kAZ) 5 (5.1)
LERING. TTTEkBEHOHEZEDRRMGE, AF I RIVGHONOEE, ds & Az
ZZ NZTNBFOZFHRIE & FHAROZTHRIETH 5. BIFROZTHRIE ds (& ds = Az + AF/k T
EFREND., BREREHHE P22 ) Y LEmRD 5 0.02 au B L2 EOHFET ) T L
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5.7 Changes in calculated force and actual modulation amplitude. Solid and open
circles respectively denote the changes in calculated force by the ideal modulation am-

plitude and corrected modulation amplitude obtained using eq. (5.1).

EHENCE < hOZLBEHWTHEE L. &, BRERENA 7 ABEIEKELT —ETH
% EUET S, K57, PREEFICE < O LIZRER k = 1.89 [N/m] ZHWTRHE L7z
BPEOLTHRIEZ /RS, K5.7Hh5, FEHFEFICE < OB T ST LickD, HEOLH
RIS 7 ABEDHINCENEINT 52 2 &M%, K 5.81C, HEEEEAFECEKS LBH
DINA T ZMA7 2R T . 75d, 2L TEMIENEZD 2 DD LBH 2/, 23 )VERIE A
IFEZ13 2 TeDICHFCRMIi L7z, K 5.8 05, filEE N7z LBH &, fiEEN2FEOMEKLD &/
ELx%. ThiE 51 KD 1+ AF/(kAz) OINTFICRIKT 5. HIZE, /317 AEIE 1.5 V O
&, JIOAED —2.466 x 107° a.w. DL ¥, FIHRDORETIE 0.949 THS. —75, 5.1 XD Inl,/ds
& dinl;/dz LIZEAEEDSRV. EHEFEICKS LBH &0 & ZiEIc k% LBH AVhEne
W EA D, LBH Ok FNIHERHRE & —83 5 [74, 67, 68]. 7> T, HEHEICEKS LBH D
A—3UE, EINCIIEREE Il < 15 [ X T I3 OB EIRIC X % ZFHRIEOZ LA E
HWTHsefmorons. MEIN LBH &, B4 7 ABETRFIOIERENLE, £l
INA T ZABIETIEEONIERIE R R T e &0 o Tz, THEHINE NS 7 ZEIFIC K % E
TEEEN RO X BN T 5. T OIRSFENTEEMIICHIERHR L —T % [68, 66].
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5.8 Bias voltage dependence of LBH values obtained by the modulation and approach
methods. Open and solid circles denote the uncorrected and corrected LBH values by the
modulation method, respectively. Triangles denote the LBH obtained by the approach
method.

56 XEDX LS

AREETIX, BSDF % W CTHEEE L ZHHiED 2 DOREZFEIC XS LBH OEICDOW TN
1otz FoxNaAYRIZVAN 1070 5 1073 S DILWVEIFT, EHEE & ZHREXIZIEH
U LBH D% 522 e nhoiz. b3 aryZ o222 1071 s 1077 S OFiPHT
VYR 2 ADZEIC KD LBH OZ&(L/E, 1077 75 1075 S O To LBH O
AL HANNE N T EW o Te. bV aA YRy &Y A - SRR OB G L,
oAy Ry R AMNNEL 5B L, e - SARMERIRE <KD, FEERWICEREE T
EENT LBH 38 - A0RIBBHEEICKAE LW, 23 THlE S Nz LBH S - sbkHRY
BRI R RS C EMRE SN TS, FHEOERE, Thbd 2 DOMEREOR—BDFH K
A, WE LTS8 - SR OFEOEVICERT 2 2 L Z2RmM L T\Wa. BE#EEEEHET
LBH O/31 7 ZEITFARLEENRERINCTHR SN, ZFETHIE S Nz LBH AEEETHIEI N
72 LBH XD &/NEVEVIHEN TSN TS, HERAHTOFER, HINE Nz N1 7 AEITEIC
X BB AICH < Nc K05 E R ENZETIRIEOL(KICEK D, WEMRZHAT S LN
TEBHT ol
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E6E

LBH Ot 1 METFEMHE

6.1 AZEDBHH

KR 7z g 8K FO LBH MRS N T35, X 6.1(a) & (b) 1&, TiO2(110)
i ko STM & LBH 5 TH % [83]. X 6.1 05, STM {§& LBH 54V 1R EEDZERK 575 fiF

6.1 (a) STM and (b) LBH images of TiO2(110). Scan range: 110 x 150 A?; bias
voltage V' = 1.4 V; tunneling current I = 0.085 nA; tip oscillation: root-mean-square
amplitude z = 0.238 A, frequency 7000 s~ '[83].

THALIYFIRARRRELTOR T EDNIAS. STM RTHZ A A=Y E TV B EATEE T
DA THY, LBH B TEETOMETHS A A—VENTV 3.

F7z, M6.2(a) & (b) EENEN, Si(111)-7 x 7 Kifi D STM & LBH 4 TH % [46]. X
6.1 M5, TiO2(110) % & kIS STM §& LBH @A L AT IY F S X R ERLTVS
Tennhs. LBH RN FHBETH 2 L EZAS5NTVSA, LBH AR HREL
TH2EHIE, STM §& LBH G0y k2 MeRd ik Ths. ~aLdEig, /31
7 ATV, REORERE p, 7 L TEBREE U THERBICISINICRET 5. o
T, brRVERNREVWES, R NS0T THS. L, bind LZHlERsR T,
STM f§& LBH ALY b5 A MR L, CHIEHHRNRNE PIET 3. 20T, ABT
i3, BSDF @& HIW\T A(100) £ifi 0 LBH 0% ME{FHC DOV CHRITZTTS.
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6.2 (a) STM and (b) LBH images on Si(111) surface[46].

6.2 FHEETIV
6.3 ICRIEET IV ERT. HEHE PR FIEO Y « U v LEMIC AL(100) JE7% 2 J8 & Al 5

6.3 Schematic representation of the present tip-surface system. Bright circles are Al

ionic cores.

T 1ETET UL L. £z, BRERIE RO Y £ ) 7 LEMIC AL(100) B2 3 ElkAE S8
TEREHINS., WY o) v LE MDD Wigner-Seitz 2, 7NV ZIGEWVMEE L T2 &Lz, H
MO RE AT HROERIE 16.2 au. x 16.2 a.u. & Uz, EEM b 2 3OVEMEE TREERmZ
WET 256, VN7 AEBENACENS. ZTTAROGHETIE, RS2 7 B
EFEMZERELT 50 mV & L.

B 6.4 1, Al(100) £ EOBEEHIEZRT. X 6.4 ok, MM, =MIEZNZEN on-top,
hollow, % L C bridge ¥ F%&/RT.
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O on-top
0 hollow
O A\ bridge

6.4 Schematic representation of Al(100) surface. Circle, square and triangle de-

note on-top, hollow and bridge sites, respectively. Bright circles are Al ionic cores in
outermoset layer of Al(100) surfaec.

6.3 FUXRIVEFRE LBH DY 1 MiFlE

X 6.5 IC, on-top, hollow, Z LT bridge ¥ FD k> X )VEEIROGEN - 508 BB /71
RS, £, TNENOHE - SRHERICE I 58P 1 b b I VERMO K NEFRZ X

b on-'top site "o
E10*E 8 4 hollow site  ©
5 bridge site 2
R=} 8
> a
‘»
ém3 3
< 8
2 a
—_
8 8
83102 F [}
GC) o
c 8
|

10" . . . . . . .

5 6 7 8 9 10 1 12 13

tip-sample distance [a.u.]

6.5 Calculated tunneling currents as a functions of the separation d. The tunneling
current is represented in the logarithmic scale. The circle, square and triangle denote
calculated tunneling currents on the on-top, hollow and bridge sites, respectively.

DEAREICT B70IC, £ 6.11C, on-top, hollow, & L T bridge ¥ b D b > % )VERMEZ R
9. K6.5 K0, FYA O IOVERBEE - GURHHBEAHCTRBEIBICIKEEL TWwaE T &
Wod. £6.1 X0, HEF- GARIKESE 278 <d <114 au TE, &Y FDORYIIV
EIiMEIE, on-top > bridge > hollow DIETKEWNT EWnh 5. UL, BE - GURHEEREED
5.8 a.u. DIFH, b 3I)VERMEIK, hollow > bridge > on-top DIHTRKENT ENh 5. T
DORERIE, T A FTO b 2I)VERMEORNBEGIERE - GURHEERHC K> TED DS LWV S E
KT, Kim % [86, 87] @ Pb(111) KEDHIEREK & A —EHL T3
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# 6.1 Table of calculated tunneling currents at the tip-sample distance of 5.8, 7.8, 9.8

and 11.4 [a.u.]
Tunnelingcurrent[nA /nm?|
Distance [a.u.] | on-top hollow bridge
5.8 10319.6 | 11217.12 | 10765.62
7.8 3351.46 | 3147.10 | 3253.80
9.8 574.50 545.72 560.24
11.4 107.46 104.42 105.94

i< LBH O A MEFEIEICDWTIENS. X 6.6 1, on-top, hollow, bridge ¥ kd LBH
OEL - BRI A 2R . £z, HREF - BARMIEREC £ D&Y 1 O LBH O/

45

on‘-top ste O ‘ ‘ ‘ ‘ 2]
hollow site
40 | bridge site A 8]

35 | 8

30

O

25 |
20 | 8
15 |

10

Local tunneling barrier height [eV]

05

o o>

7 8 9 10 11 12 13
tip-sample distance [a.u.]

5

6.6 Local tunneling barrier height as a functions of the separation d. The circle,
square and triangle denote calculated LBH on the on-top, hollow and bridge sites, re-
spectively.

X OWHMEICT 572812, #£6.21C, on-top, hollow, bridge ¥ s T?D LBH %Z/R9. X 6.6 X
D, #YA O LBH 3 - AURRBEE OB RSP LT T Enh 5. £62 KD,
PRE - RORIRTEEREAD 10.0 & 11.2 a.u. T, &Y 1 D LBH &, on-top > bridge > hollow @
ETRKEND, e - BRI 6.0 & 8.0 au. T, LBH &, hollow > bridge > on-top
DIETRENZ EWNTHB.

rrxVERE LBH OY A MEFEHICENT, 3 DDOEHIRZRENRONS. B0k
B, PR - BURRIEEEEDY 10 an. KO REVESE, {Y 1 bO F > x)VERE LBH ER TR
/NEfRZ7R L, on-top > bridge > hollow DJHTRKEWVWC & ThH5. H_ORHEIE, BHEF - &k
MIEHEED 8 au. DIE, YA DY x)VERE LBH OX/NEAFRDFEI L TNET & TH
5. DFD, brRIVERDEE, on-top > bridge > hollow DIETAKEWVA, LBH O%H,
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# 6.2 Table of calculated LBH at the tip-sample distance of 6.0, 8.0, 10.0 and 11.2 a.u.

LBH[eV]
Distance [a.u.] | on-top | hollow | bridge
6.0 0.702 1.086 | 0.874
8.0 2.064 2.121 2.097
10.0 3.585 | 3.475 | 3.532
11.2 4.057 3.966 | 4.012

hollow > bridge > on-top DIATKRKEV. H=DFEIE, B - FUREEEED 6 a.u. DHGE, &
YA hDO s rx)VERE LBH A CA/NEFRZRL, hollow > bridge > on-top DI TAZE W
CEeTH%. TOHE - ARHEEEO R NERIE, B—DOREOKR/NERETEL TN 5.

CNZHRENICHEE LT VL SIS, FrxVERGE LBH B2kdi. X 6.7(a) & (b) I,
BREt - BURIREEEED 6.0, 8.0, 10 auw. O M XIVEFRBGE LBH 22 NZ1URT. B{ERITX
DX IIER LTz, (100) EOHNE THZE 5 x 5 2HEIL, #mbEThr3xVERE MBH Off
ZZNTIRD B, FHEEDR O spline #fi52TRD, {ENAMiZHOTRZIER L. X
2z E e % EHEKCHTR LTI 6 MThb. K6.70h5, Sl 3 DOREZIHES
HTENTES.

6.7(a) £ 6.7(c) 5 on-top YA FA hollow ¥4 F XD EHLZNE WS EKRT, Fr)b
B L LBH A EMEIY S AN ERT T ed0h b, CTOMBBIFHEEREEBL 8T
% [13, 40, 51, 48, 75, 74].

6.7 X0, BB - BORIREEAED 6.0 a.u. & 10.0 a.u. DFHE, b r3x)VEREE LBH BIEH
Cayv IRz T ennghd. 72U, 5 - GURIMEEEED 6.0 a.u. DG, ~ 23 I)VER
%% LBH 182% hollow Y1 FDHZ K A A—=IENSH, e - SURIEEEEED 10.0 a.u. DS
X, E55&% ontop YA DB A A=VENS. —F, HE - GORREEEED 8.0 au. D
Ba, braIVERGE LBH GIENOIY I AZRT N5,

6.8 12, TREF - EARIEEEEEDY 10 au. © MBH B7%2/R~9. %38, #HEF - BURIREREED 8 a.u.
D ENEWEE, OO EZERT 2 v )UIE Fermi #AILL T £74 0, MBH ZERTE
O K67 L X685, PR - RURIREREED 10.0 au. T, Hr3IVERGIE MBH %&
WDV IR %R, DXD, b rRIVERBGOHFAEG MBH SO RAEIC—HT 5.
U b 3O UBERE S & Ok & I b 2 3 OVIERDT LN IR EBIBIIC BN T 5 2 e S
fEHICHETZ 5.

LBH OV A MEAFMEZHARB 72D, E, I 2IRERHE D(E,) IKFEHT 5. 6.9 1, ¥
& - GURHEIFEEEAY 6.0, 8.0, 10.0 a.u. @D on-top, hollow, Bridge ¥ = TD E, I[CBHd % IKAE
BMEZTNTNURLTVS. K6.9M25, Fermi BEAfFETO E, ICBId B REHEDY 1 M
XBEITNENT EHhS.

— N, PR OMFHIISIREREICYHEZ NI T IVF—THI TS LICXKDRD
5N%. £IT T, LBH OV A MEEFMDORERKZHIRZT2HIC, E, BT 2REHEEZHWzT
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(a) Tunnelmg current images

¢d=6[a.ul “d=10la.ul > ’an’

o o o (o)
9.47 e 10.1 2.73 mmm— 2.91 0.46 mmm— 0.48
[uA/nm?] [uA/nm?] [uA/nm?]

(b) Local tunneling barrier height images

0.72 m— 1.10 2.06 — 2.12
[eV] [eV]

6.7 Calculated images of (a) tunneling current, (b)local tunneling barrier height for
tip-sample separations of 6.0, 8.0, and 10.0 a.u.. Bright circles indicate the center of Al
ionic cores in the first layer and the ontop sites.

114 e— 1.34

6.8 Calculated images of maximum barrier height for tip-sample separation of 10.0 a.u..

SOVE—HIHE (B.) %
[, dE.E.D(E.)

W) = dED(E)

(6.1)

TiEHT 5.

£631C, BV IO (E,) Znd. £63 X0, 2TOHEK - HHMERTSEY A Lo (E,)
DR/NBRIE, hollow > bridge > on-top &7%%> TW5. (E,) F&EFH VIl Z % EH)
IHIVF—=THBDT, (E,) DREVWHHNEOWFITHNATADHIRIINENEFZ 5. it
T, TOMRENSETOHE - SRR T on-top 41 MO CiIADEMN—F5E <, hollow
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6.9 Calculated density of states near the surface and tip atom as functions of kinetic
energy for motion in surface normal direction, E,. Solid, dotted and dashed lines denote
the density of states for the on-top, hollow and bridge sites at the tip-sample separations

of 6.0, 8.0, and 10.0 a.u., resp

YA FOFHCIADRNRDNNE NS EDNE. RIS, BREF -

Energy relative to Eg[a.u.]

ectively.

42 10 8 % -4 2 0

SR EEEEDY 10.0 a.u. © LBH ©

P MR, (B.) DT ES. UL, ThLSOBE - sUREEETO LBH 091
METEPEE, B CADIIED B IR T X 50 T Ao Iz,
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# 6.3 Table of calculated LBH at the tip-sample separation of 6.0, 8.0 10.0 and 11.2 a.u.

(E:) [eV]
Distance [a.u.] | on-top | hollow | bridge
6.0 -4.480 | -4.331 | -4.415
8.0 -3.556 | -3.463 | -3.518
10.0 -3.159 | -3.133 | -3.146

6.4 XEDXLH

A#EETIE, BSDF % HWVT AL(100) £l D LBH O A MEFEMHIS DWW TR 2175 7z
LBH (G #EEF - BURHEEEEEC K > THRARZ U1 MEESEZRT T Do Tz, BB - BORHEE
M 10.0 a.u. DEE, LBH O A MEEME, E. ICBIT 2 IREEE 2 i 7o i 2 iE 77 1) O
TRV F - SFHIHTE 22 eV o, LA L, HEt - slRIMEEEED 8.0 a.u. D
%, LBH OY A MR, COMMRNSHIATERNC ENVh >z, e - AR
VIV DS, LBH EEA UIADRIENSFHIATE 50, KA har &7 MEE T, LBH
N CADNR EIFIOMENEEL T0B L TFRING. TORMBICOVTHINS T LI1d5H%
DFRETHS.
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7IVAYZEBWAED LBH NORE

7.1 AEDOBH

BERIANDT VA BEOWE R, HAKETONEZ RS &R BEAESEORDO—D
ELTRVHEEENTE . 7V A) SBEESRBIEENNE S, 2ol RE LM Lmof:
FHEEDRAD T B T ENEH LA SHSEN TS [84]. Hohlfeld 55 [85] 1, Al(111) DR
BAND Cs TS DB DV TERINSRN, X 7.11R9 &K 5 IR Cs OBFEHRD
b)) [| P & St T R R N Oy

0
‘ Cs/AI(111)
= |
L, o5t
c |
o q
= )
bt \
=R
4
S
O ‘|
s V5 0\‘ ring  2x2 r___—gfaxﬁ/R30°
c . |
() . om0
g L nﬁ‘(
o 20+ \b K
6 3
T
b9
257

65
Cs coverage [10"> atoms/cm?]

7.1 Work function of Al(111) as a function of Cs coverage, where monolayer coverage
(© = 0.33) corresponds to 0.47 x 10*®atoms/cm?®. The coverage range in which the
different LEED structures arc observed is also indicated[85].

Ishida (& [88], Na JifZ2Yx VY LEBMICKESETETNVZHANTY VA Y O IC
X B HBEBOZ L2 BERARNR, W R T & AR R O O HE RSO 5N T IV A1) &
JBRASIC X B HBEOBAD DN TH S T LzRLiz.

falr, Sasaki % [77] &, STM ZHWT Cs iF2W&E S 87 Pt(111) i ko LBH ORI
WEZITV, B 7.210R9 &5 7% LBH O#FERKFIEZIE Uiz, K 7.2(a)-(d) 1&, Cs O#E
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0, 0.05, 0.1, 0.12, 0.2 ML ® Pt(111) Kifii -0 LBH DfEDOZTNZENDOL AT T LTH
%. M72&0, Cs OWERNEL 5% L LBH OFEEINNE 2B T &M, T O
SALEPABORERR LA CTH S,

| (a) clean

20—
10~

b) AW=T2eV

20—
10

O AW="2TeV _

0

i

b
d) AW=-35¢V

Frequency

0 ul

(€) AW="2425 eV

: {%ﬂ 5 4 5
LBH [eV]

7.2 Histograms of the LBH obtain from the I — z characteristics measured at ran-

domly chosen tens of points on the Cs-deposited Pt(111) surfaces, whose changes in
macroscopic work function are given in the figure[77].

TNETHRRZX SIS, TIVAHVIRER IS K BEHBEB ORI OV T BRI R 7L T
bNTWVEH, LBH ANDT )V VAR FIC K B HEIC OV TOMERNIZEIZ R IN TV,
ZT T, ABETIE, AL(100) H EICWE L7 )V A ) £EO LBH NOFEE, FHC/NA 7 Ailtkic
DNTHNBZ EZHNET 5.

72 FHEETIV

B 7.3, MEEREOFEET IV ZRT, K 7.3(a)-(d) &, Al(100) il Na JH17% 1, 4,
5 9 fZNZTNRAE LICET NV Z/RLTWS, HARPICE S8 7 Na R 708z 75 A%
AXEMRT LTS, &k, BB AL(100) O 1 BICEENZFE T 9 HE0T, #E
RICHRT &, 1/9, 4/9, 5/9, 9/9 bixd. —F, HEHciE, PHEREOY £V v LEMIC Al
72 1 s ST eT Ve Vs, BRE-ARIEEAEE, W& L Na iP5 ALJRFXT
OFEECERL, 15.6 au. & 16.0 au. ZHWVS. NA7 XEFE, iHEEE LT +50 mV &
—50 mV ZHINU7z. 753, HEEIROMED b REEREE 7> TOARW,
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7.3 Schematic representation of Na adsorbed on Al(100) surface. (a) 1 Na atom, (b)
4 Na atoms, (c) 5 Na atoms, and (d) 9 Na atom. Bright circles are Al ionic cores and

Dark circles are Na ionic cores. Dashed line denotes a area of a unit cell.

7.3 WERKEFMHE

X 7.4, LBH OV I AR A ZMRFENERT, 7T AZY A X LIZHENEYS D D Na T
OETHO, THIHBEBRICHIGT S, X 74 XKD, LBH &7 T A XY A RIH U CIERIE IR

4.5- T T T T
LBH: -50mV =
LBH: +50mV @
MBH: -50mV [
40 = MBH: +50mV O |
—_ m @
>
E 35 ]
=) e °
(O]
< 30t |
—
Q
c
© 25 ¢+ o] R
M
o
20 B O D T
1.5 1 1 1 1
0 2 4 6 8 10

Number of Na atoms

7.4 Calculated maximum barrier height and local tunneling barrier height as a func-
tion of a number of Na atom on the Al(100) surface.

5N TEHTENTh B, LBH &7 T A2 A XDMEme b L, 75 AXGA X5
ThMEZED, 7T AZTA XN 9 THEINTS. TORKRIE, V)T LERZHNT Na
I K B FHEB DB RMKAF 2 X7z Tshida [88] DFER L —EL T3, E5HIT, Sinsarp
S5 [77) O Pt(111) EiC Cs F7 &S &4 Klevin 70— 7 SN 245 THlE S N (LFE
B DR L BRI L TV 5. X 7.4 ORBFMINETIE, LBH &34 7 Xl
MK ZRT L THB. DFD, BTDIFTARXYAXT, MAKBELE +50 mV @ LBH 2,
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=50 mV @ LBH KD & RKENT &Ny hb. —77, MBH 3317 AMEKFIEZ RE RV D
T, LBH O3A 7 ZMEKAZEEE MBH O/NA 7 2R ED BIEFH T E /R0,
Ishida[88] I & D, 7V Ah VU BERAEIC X B L HBEMOWERKEEICE L TIX, WEFHTE
KN DOEFHUEDIRMD EELKE 2 R TAVRE NIz, M+771 (Dipole density) (&iflieX
%% (Bond order density) ICiWELIMEZ /R L, OISR T & XD FIREEIFEKIC X
% WA S DI R S R 1 O A IS BB R R EN 2 R Te T T L ZEK L T05. - T, A
JEF D BT D W RAATE N, W R T & R OF G OHAEREAEDTHALIC K 2 LisaRiTHT
BNTWV5S. ZT T, LBH OV 5 ALY A ZMEAF 2R B 12D, #ARBAHZHHNS. F
T, WEBIE P VTG i e

Bas(2,0) =D [P (r1)] ¢ (r2) + c.c. (7.1)

LEFRTS. TTTORPEREZERL, rpBTNTNH AL(100) RilHE 1 EHO Al 5T EW0E
L7z Na JHFOFLiE e 3 %.

B 7.5(a)-(d) IZ, ZTGRAEYTAZXH1/9, 4/9, 5/9, 9/9, TNENOEEIE D HZRT.

Bas DIEAL, FEAIRRE L KESEIREERZNZNUSHIELTWVWS. K75 XD, 7T AZY AN
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7.5 The calculated bond-order densiteis of the Na-Al bond. Solid and dotted lines
denote the bond-order desities for the sample bias voltage of -50 mV and +50 mV,

respectively.



7.3 WA 77
1/9 D, Fermi HEMIDFEAIRRE L KEEEIREEDRICZ > TWE T eWghd. Ebic, 75
AZY A AWK ELEDBITHE, Fermi ¥ENHL TS SIREERE b oh 5. T OHEm

l Ishida OFERE —KT B &5, LBH O T AXZY A XIEAF ISR 1 & bRl £ o i
OHEHEEEOHKLICER T 2 LiGmTIrbNn5. £z, 2 TDIITRAZY A XT, Wk~
7 ZEED —50 mV OFGEREEREITEEN, +50 mV OFEEXEEREIX T 3V F— DI
TELTWBZENDHD. WERBEENTIIVF—DIRNAGNT T F 952 L1, LBH DOk
YERGIERTT. K> T, N7 ABIEIC X BHEAREBEEOZALE LBH O/NA 7 AR AR 7
DHERKD—DIZEZEND. kA7 AEBENADLGE, ED Fermi MM DEEFD Fermi
Euib%mwt L,ﬂﬂ®@ﬁ@ﬁﬂﬁaﬁlmgﬁﬁé —77, ENA T ABENED
HliE, BOEE LHIC, HREO Fermi ¥EMDGRIO Fermi ¥ EWTDIC, iARIOERIE R
ﬁﬁﬁ# BT EANBEIT 5. MARBEEEOZE, N1 7 XAEMIC K D BREREDOZEH
FREEZBNS.
R, LBH ONA 7 ZRPARIF DO FRINZRRS oI, B, [T 2IREHEITEET 5.
761, ZTNENDYTARZY A XD E, 1T ZIRERERRT. KMT7.6XKD, VTRAZTA

k=113

1.4x10°

(a) ©= 1/9

7.0x10*

(b) © 4/9
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7.6 Calculated density of states as functions of kinetic energy for motion in surface
normal direction, E,. Solid and dotted lines denote the density of states for the bias

voltages of +50 mV and -50 mV, respectively.

e &5 ITHAREED —50 mV OHEOIREHELED, SRERED 450 mV OIREHEEXD &K
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# 7.1 Expectation value of E, for the number of Na atoms in a unit cell.

Sample bias voltage 1 4 5 9
+50mV -1.786 | -1.599 | -1.267 | -1.360
-50mV -1.826 | -1.639 | -1.310 | -1.407

N TN B.

Ez OIREHZOENEIAIEICT 272010, 4.6 RTEXKRIND B, Oz 5. £7.1
IZ, VIARYARICKS (E,) Dffiznd. R7.105, ilBNA 7 AEED —50 mV O (E.,)
M, +50 mV D (E,) XD EHICRKEWT LW N5S. (E,) FEFD b IVIEZ 28T
FVF=THBDT, (E,) WhEOEHUADIFIIRE. DFL, (E,) VhEW/5H LBH
BRELRS. DRIC, HRRINA 7 ZEHEICHAN, [ERRNA 7 ZAEED LBH AKE 7% 5.
WE->T, TOHIFHE (E,) & LBH O 7 2R HEOERNO—DIE L 52 5.

74 EXEDZFLES

AT, BSDF i£7% VT Al(100) @ EO LBH O Na JF 70 OFZIC DWW TR &2
f1o7z. LBH &7 I A2Y A XDWmE AT 5 LMW nhoTz. ThidtHEBOWE
RIRLENE & @ISR CHEAITH . D LBH OV 5 A2V A XREME, FEEREEHE O
5, Na e Al(100) AARERAIOBOEERESHEOFH RN SFHHTZ 5 W7k
B, BTCDIIARZYAXT, Gk N1 7 ZEBED LBH A, 1Eilk/ N1 7 A&EHO LBH
X RENT D 5Tz, TDO LBH ONA 7 AR ENEE, NA 7 ZABIEIC XSGR
Bemg oz ke E, \[CBT 2 REHREDE(LD 2 DNERZLEEZ NS,
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ARG, EAR b 2 3OVEAREE TRIE S N2 [T b > 3OV REEE &I B U TR 2 R0
KX LDItDTHL. ARICBOTZTDONEZRIET 5.

8.1 ZAHIFTDER

93 TR 2 BORKO LBH ~NOF# | Ti&, BSDF i&ZHWT, Al(100) XK 2 &
DRKED LBH NOFBIC OV TR 2175 72, FRi<, LBH O%EE - sbRIRIEE R 7 & N1 7
R EERATE 2 i LTz

LBH ORI MRE M B, FHE U BHBEORIF T, STM B CIZ RMMLE X%
{, LBH TR &RB Mnhole. ARRT VvV ERE S, EEEC b2 3VEFD
KU B AR Y OfEEE & D MBH OXGAIE & BAEMETOAE, LBH OZLHIKLT, £TH
INEWIT Do Tz, TNHORRIE, TxIIVF— E D Er — 0.3V <E < Ep O#HiFHOIR
B E O L AARER DL OBMEEORER, b 2 DD ENLHIATEI ENTE 5.

X 5IT, KRR E FEEROW S T LBH 334 7 AMIEKEIE R T e >z R
faZimi C D LBH O/ A 7 AWK IEE, BAHERTO LBH O/ 7 AR AR E 1 & 1360
fEmZRd e nhofe. ThHOMRIE, REEX 2 BEOMEMANSIEHATES, AN
NINA T AEEIC KB AEMRT V2 v VO L RKEEFREOZ(LE WS 2 DOERD 5F
HHTESZ Ehvnho k.

LBH O#IIE Nz N1 7 ABIERAFED DA RSS2 S [T A2 T2/ TE TRV
V. LA LAEDS, AW TIHLMNICE > LBH NOEBEFIREED I BT — X Z RIS %
FDICEREICEZIETTHS. T NINA 7 REEREIRIC X 2 HHERMNSO LBH NOF
Brikicd s iy, SHBOEELHETHS.

554 % THEHE 7D LBH NOF# | T, BSDF L% HUVT Al(100) £ L LBH ~\O
PREE TR (AL BRBTE Na BEEBF) OB DWW TN 21T 5 7. $HIC, LBH OFEBFEUR RIERE &
INA T ZRPEDRAFIEICTEE Uz, BREFARIBBEE A MEIC B L i, RO FRTHIE
% LBH D7, MBH O&EXDEREWT ENh o7, Na £EHTHIEE NS LBH O/ A
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7 AR, Al BB THIE S N5 LBH O/31 7 AR N & i3 ol z/Rd T &b
ol TNDORERIZERERFREIC K2 b 2 3 )VREEEREI TO b > 3 )VETF ORI MO U
ADDREEDEND SRS HTEMNTES.

95 W THEHNEDENICE S LBH NOZ2 | T, BSDF E2H W CHEREE EZTED
2 DOPEIEIC KD LBH OEICDWTIRNT ZiT>7. b3V ay X722V ZAH 10710 i
1073 S DJAVEIPHT, EHELZIREIZIZIZFRL LBH Oiz522 2 &Moot b3l
AVREIRAVAN 10" 5 1077 SOHFPET NV AVE T 2 ADZEIC K% LBH OZ
fL53i&, 1077 5 1075 S OHIFATD LBH OZ{LMC N/ NI WS e oTz. b x)ba
YRR IS - ORI OERCRHG L, bV arvE 2 ANNE L IrB L, B -
AURHHEEAE IR E < 2%, EBMICEEAL THNE S N7 LBH GRS - BURIBREEE IR Z LR
A, A CHIE S Nic LBH GRS - BARMBERHEE 2R S e MiEE N TV 5. FHHD
iR, b 2 DOMMEREROAR—HOFEREAD, WE L T35S - RO OE NI
N2 EERMBLUT VA, EiHEEEZHET LBH O 7 ZAEERIFEDRBRICTHRS 1,
ZHRETHIE I Nz LBH AEHEETHEI NG LBH K0 /W TV WS HEDNEIN TS,
HEERIANT ORSE, FINE Nz A 7 ABIEIC X 288 R Al < i k v 5 Eifd T T N2 ZFR
IROZKIC KD, WEMRZHIATE N TEET btk

%6 = [LBH OY A MEFME] Tl&, BSDF i%&ZHWT Al(100) i £ LBH OY A M&AfF
POV Z T o 7z, B - GURIIEEEEDY 6.0 & 10.0 a.u. DA, b xVEFE LBH &
[ UY A MRAFEZ RS T e hoTz. UL, BEF - SRR 8.0 au. DS, brx
JVEFIZ on-top VA P —FEKEWEE LS, LBH & hollow ¥4 F T—HBARKEWEE RS
To. TNSEEHEMNCHRT S, b roVERGE LBH §%&(ER L7z, LBH O 1 M&
FHEDRNZFHRS F2dIC, Bz BT 2 IRMEREIC K % R EE /5[ OEH) T 3L F—DOHIRFC
EH U, ZO8SE, H#et - A0RREEEED 10.0 a.u. TW&, LBH OY A MEEMNE T OWIF Tl
HTE 5 enhote. ZNLSNOLE - AR EEE T C DI Tk LBH OV 1 MK
ZAHATE W EEh o .

&7 [7)VAYREETFRED LBH D% | Tid, BSDF %2 MW\ T Al(100) i Lo
LBH D Na i FWsE DI DWW TN 217> 7. LBH &7 5 A 251 XD & ik
TBHTEMNT ol TN EREOWERKANE L EENICFE CHATH 5. D LBH O
75 AR A ZMEIFMEE, SEEREEEOWRN N5, Na & Al(100) iR O O AR
HHOTKENSHHTEZ T Wb o, EHIC, BTDITAZXYARXT, AREINLT
ABEED LBH Y, [EiEINA 7 AEED LBH Kb & KEWT &b o7z, 2O LBH O/3A
T ARG, NA T ABIEIC X ARG RBEEEOZL L E, 1B 2 IREREDOELD 2
ONERTZEEZBNS.
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8.2 SERDOEZE

FEAELH LD LBH EICDODVTREZOWMENEZENTWVS. LiL, PEEERH LD
LBH OFEGHNTIZIZE A CITTDN TRV, PERIEINY FF v v TEORE & Bx 2R 25
B, TONVEAKREEOYINEN LBH NEDK S B 522 MiARN5 C LIZHEETHS. &5
I, PREAET F WS R F-RRMAIE T O LBH TS kN THA OBl h 5 i 57 iR
THs. T, PEREM LICWE LA 7O LBH JWEE, WEDTFOF YISV ZAD
FHEICFIHEI N TS, UL, JEkEE EOWED O LBH OMERMNTIZIEE A ETTDN
THLHT, Fy /Y ZVADFMROZLYMHEI T DICHERESN TR LR EZA . GBS T
IL7 b=y AO@RNS, LBH ZHWAED T OF v /8 2 2 ZEIFEE LGN T
»H 0, LBH OMEGMEHNT I C OEMESHICRKOICERTE 2 2 EHHRFENS.
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$8 A
B CA&RNRICDOWNT

TR 2 mﬁmﬁﬁ%y:y,\q}b%ﬁﬁb\f% bﬁbéﬂ%bcgl{‘fgﬁﬁﬂj% A1l LC, 2 ;Kﬁ:
MERT v IV RS, TORTVIvILV(r) i,

X] A.1 Schematic illustration of 2 dimensional potential.

0 (r<rg®&¥)
= A.l
vir) {oo (ro<rdD&¥) (A1)
TEEINS. TOXRT VY v )LD Schrodinger SFERIE, MEBHEA WS &,
R[o> 10 1 0
“a o 2 * 75 g | RB() = ER0E() (A.2)
LERE, RTFrvyvy ) VOEHRELD, BEREME,
AR (r<rodl¥)
_ A3
B() {o (ro < D& X) (4.3)
L7%. FROBMSFFRMEX O [BlfiZ/71 0 12DV T,
—in o) = me () (A.4)

00
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EWMET . o T, O0) = A Lxb. 1L, n 3EHTHS. A4RXE A2RRAT
%L,

0? 10 n? 2mFE
&%, TTTr=aC &EL & A5 R,
0? 10 n?
[a@ " cac] Rlr)+ [1 - CQ] Rir) =0 —

L%, IZL, a=h/vV2mE TH%. A7 Bessel DM /TN TH Y, ZO—fE
Bessel B4 J,,(¢) TH 5. BN A3 &, r = ro T Bessel B J,,(Q) W0 IcxsbT &
EIAMETH . 7E> T, Bessel B J,(¢) O m HHIC 0 &% ( DIz Z,, &35 &,
C=rV2mE/h &V, Zpm =710V2mE/h £75%. fit>T, TXVF—REHHEIE,

p= 2 ES (A7)

2m | ro

5%, BIZIE, (m,n) = (1,0) DEFE, Zoy 1 2.40483 DT, 4% ro = 3.0 [4] & ro = 3.2 [4]
DI XIVF—#IF, 0296 eV £5%. TORT VY IVOREOEICKD, BEIZIVF—H
o3BT EHHCADRETHS.
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AWIRZZITT BICHcy, HiREHiEzHE, HEXESEMELOESEZHOEL
TERGURZAR AR LR MERE = 7 ) 7 )V LA B R EEI O B IEHH L TR
iz, TRLOBOARLDONEZREL K THATHE, ARG CERZH O LEHAREXR
PR AR T LA (IR EEZ, AT E T LA SRS AR, P AE
FERM R E R SRR CBARIC TR I L K97,

TEIREE OS2 8 U T 3ROV EW T E BB v 2 — I L £

%I, BEICHEY HEOERZ XA TS NIERBICHRS EH L ET.
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