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Export to result.cube,
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FM-AFM of calcite (1 0 -1 4) in 1 M KCI solution.
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Figure S1. p-Nitroaniline (101) surface and Sij tip. Top and side views of the
symmetric tip are shown in panels a and b. The simulated tip-surface force distribution
is in panel c. The tip was tilted by 17° as shown in panel d and the force simulated with

the tilted tip is shown in panel e.
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(Nishioka et al., J. Phys. Chem. C 117, 2939-
2943 (2013).)
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e-J. Surf. Sci. Nanotech. 4, 552-558 (2006).
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normal force (nN)

7o Q. Gao, K. Tagami, M. Fujihira and M. Tsukada,

tip height ('& ) Jpn. J. Appl. Phys., 45, L929 (2006).
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Example of AFM imaging simulation

AFM imaging of collagen adsorbed to the HOPG substrate
Molecular model Simulation result

Katsunori Tagami and Masaru Tsukada, e-J. Surf. Sci. Nanotech. Vol. 4 (2006) 294-298.
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/ cf. Experiment

Topographic images of CuPc monolayers on
Au(111) surfaces obtained by FM-AFM. (a) 6x6
nm2, Af =-450 Hz. (b) 7x7 nm?, A f =-134 Hz.

T. Ichii et al, Journal of Applied Physics 107,
024315 (2010).
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Temperature: 300 K
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Tip: capped SWCNT : Cross section of sample models
Diameter: 13.7 A

Length: 41.4 A

SWCNT model DWCNT model TWCNT model

Interlayer distance = 3.89 A(D.
The sample models can be deformed,

but the atoms at both edges can not. : -
The tip model can not be deformed. Chiral Dlameter(A) Length (A)
Vector
MM3 force field parameter 1st CNT (Outermost) | (40, 0) | 31.14 A 168.03 A
Atom ID 2 (C,, alkene) was assigned. ond CNT (30 O) 23 35 A 168.03 A
3d CNT (Innermost) | (20, 0) | 15.57 A 168.03 A

(*1) A little larger than the mesured distance 3.4 A [1].
[1] Sumio lijima, Nature 354 (1991) 56.
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Force to the tip [nN]

31
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33 34
Tip height [A]

35

36

Bankrupted
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nc-AFM simulation of an Olympicene radical, C,4H,,

¥Rit: co CH’

#8#4: Olympicene radical, C;gH;
ERILER

Fi& BRE I7HAFM

FEtE S 3.4-6.4A

HoFLN—DHRIE: 150 A

[EHEX: 10 N/m

HISERE - 200 kHz

/ cf. Experiment
nc-AFM, Olympicene on Cu(111)

r

freq,shift (hz}

Experiment by Leo Gross et al.

Ed. by Jon Edwards, RSC NEWS, JUNE 2012,
\ RSC News editorial office, Thomas Graham House/
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¥R &: SiH,, (AFM, KPFM )
F =1 SiHg (STMA)
n_t*‘l' /\/gt/ %

Si,Hy
AFM, KPFMF 24t

Si,H,
STMA#EEt

STM HOMO STM LUMO NC-AFM
Phys. Rev. Lett. 94, 026803 (2005) R%E Science 325, 1110-1114 (2009)

STM 1F&t-SAFREI D EERE4.0 A STM #E&t-SA R D FEREE4.0 A AFM 1E&t-SH R R DEERE4.0 A
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[DFTB] Constant current STM image of pentacene
X k&Y. Pentacene on Au(111) M STM topography{&# K UdI/dV{i&
STM-elastic scattering
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W.-H. Soe et al., PRL 102, 176102 (2009).



[DFTB] Constant current STM image of pentacene

Ref. Pentacene on Au(111) s - DFTB dl/dV map

di/dV
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i tip %
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10,0 @‘@\ 3 .
] o aR*

— £R#t: SigHg
- iRt ¥: Pentacene molecule.
| - Without substrate.

oo | . Current =5 nA

oo for all calculations

W.-H. Soe et al., PRL 102, 176102 (2009).

)

S
£
(=
>
-
T

(-900mV)

(-2500mV) (-1900mV)




[DFTB] Constant current STM image of pentacene DFTB constant current topography

Ref. Pentacene on Au(111) l

Experiment

~~
(o)

Topography

LUMO

)

S
£
=
>
3

HOMO
(-900mV)

HOMO-1

HOMO-2
(-2500mV) (-1900mV)

nin
SR
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] / cf. Experiment \
BRat: SigH, ¥EET: PUIr
st C,Br, monolayer e _
Fi. Zx o BLUY a4 C,Brg monolayer on graphite
constant current STM R o
PatE 2555 A Fi%: constant current STM
EEH/NALTFR:+2.5Vand -2.5V

Br

Br Br
Br Br

Br

50 Ax 50 A, Vgmpe =-1.8V, 1 = 1.8 nA.
\R. Strohmaier et al., Surface Science 318, L1181-L1185 (1999

SETIIREIRDT 771 0Ew454 pt/ird X HYIZSiERE Z={F .
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C,sH4, 1,2-bis[2-(2-ethynylphenyl)ethynyl]benzene SETRES T S, | ) [y 17 =105 1
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L. Gross et al., Science 325, 1110-1114 (2009).
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Simulated force curve
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(BEZ)MICAD I+ —AH—T

Force (nN)
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Fig. 36. Typical force—vs.—distance curve measured on a planar mica surface in buffer after
exposure to 1,2—dioleoyl-sn—glycero—3—phosphocholine (DOPC), 1,2—dioleoyl-sn—glycero—3-
phospho—L—serine (DOPS), and 1,2—dioleoyl-3—trimethylammonium—propanechloride (DOTAP)
vesicles. The AFM tips were first coated with chromium and gold and then with a monolayer of
mercapto undecanol (HS(CH.)OH). For details see Ref. [738].

Hans-Ju rgen Butt et. al, Surface Science Reports 59 (2005) 1-152.
Force measurements with the atomic force microscope: Technique, interpretation and applications
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Rhodopsin dimer They form rows 21655-21662.

GeoAFM result
is imported to
Analyzer.
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(a) Molecular-scale AFM height image of a PTFE layer deposited by
rubbing on a hot glass substrate. (b) Surface view of (a) after filtering.

Sergei N. Magonov and Myung-Hwan Whangbo, Surface Analysis with
KSTM and AFM: Experimental and Theoretical Aspects of Image Analysis j




[CGl/LA—RADH—FE—FAFM{E

+)LO—REE
o)A iEst

CGYJIL/N—
H—FE—FAFM{Z

langmuir 26, 6, 4480 (2010)

Tapping®E—F




(CG1 AT LDITA—RA—T

sl >)ard L
Ret: 213y

CGYIN— ]
72|_—ij_7 :.-.-...-.




b2 L FSRFYI R ED B
[CG)R)AYTLDH—FE—FAFM{E

cis-polyisoprene, constant force, +0.01 nN.




CCZERT ACLICKY. ULTOFHELGMENTGONET

‘SN FHRMEDERBM ITFAFMEE AF—F —TKRDODAHENTEET
ChemSketch&MEEN BT —Y TR &Y., [FEAEHLDL8HE 7 F DR
KT —RE1ERTEET

«ChemSketch(Z[X., B EBEGD FIABEEDHEILEEENFLNTULVET
HEEEBEDRFNLEIAMD FTHNIEXS2AL— 3 A[RETT



[DFTB)RYRLY 424 —)L(PBI)[& Bl D —7FE]

_ ITI Il_l —
N N
KT T~
N N
KFHRImINTI=DUaVFEHZFER

B/ X—ICEHMERFHERLTEE

STME{&: ENINE X4V, It LR D &= iEEEE0.7 A
BAREMR 4.45%10° nA. &=/NER]1.54 x10* nA

current {(na’

x (ang)




[DFTB)RYRLY 424 —)L(PBI)[& Bl D —7FE]

L
N N
KL~
N N
KFHEImSNT= ) iR ZEFE
T/ V—ICAPMEREHZRLTEHE

LR E TAFMIER: $EEHREID L IE BB 201 70kHz, 18t LB D= FEEERE4.7 A
BLR#OITNIE —1.66%x10% Hzh D 918 %10 Hz

fregq,shift (hz?




[DFTB)H A O (Zylon)[& Ridiit D —FE]

eestvl

KERImINF-2Ua EEEF A
T/ X—ICRHMNEREHEELTEHE

STMIE|{&: FIMNEE4V, iIFstEH B D REIER0.5 A
mRAEIM 1.01x10° nA, &/NEFT2.40 x10% nA

current {(na?

7I~Cthketch
TR ATRE

y (ang)




[DFTB)H A O (Zylon)[& Ridiit D —FE]

eestvl

KERImINF-2Ua EEEF A
T/ X—ICRHMNEREHEELTEHE

RS JRAFMEBHE: $FEEHRED HL 0B E IR 2 170kHz, $FEHER B D= FEEEE#A.5 A
FBliR#DITNIE —2.09 %102 Hzh D 1.05%102 Hz

fregq,shift {(hz?




[DFTB)A 7 k> (Kapton)[7R!) 4 2 (polyimide) D —F&]

OO
L O O i
KFRImSNF=D) IV REZER

T/ X —ICRMNRERFHERLTEHE

STMEZ: ENINEE4V, HFEEt LA B D =ERR2.0A
ERAREI 1.42 x10° nA, R/NET1.34 x10° nA

current {na’

7k ChemSketch
TR ATRE




[DFTB)A 7 k> (Kapton)[7R!) 4 2 (polyimide) D —F&]

OO
L O O i
KEFRImSN D) aVEREZEH

T/ X —ICRMNRERFHERLTEHE

RS TRAFMIEE: $EEHREID T IE E IR 20170kHz, #FH LB D= FEEEEE6.0 A
BlREBDI NIF —1.02 x10% HzA 55,32 x10" Hz

freq,shift (hz?




[DFTB]a—ELv2 X-RN(Upilex-RN)[7R!) £ = (polyimide) () —#&]

ooto-o

KEFERImSh =) AV EFEA
T/ R—ICEHMERFHERLTEHE

STMIE{&: FNMNEE 4V, iIFstEHB D REER2.5A
RAEIR 8.04x10* nA. H/NEFR1.28 102 nA 7FDIIREERE LA A]RE

current {(na’



[DFTB]a—ELv% X-RN(Upilex-RN)[7R!) 1 2k (polyimide) D —F&]

ooto-o

KEFERImSh =) AV EFEA
T/ R—ICEHMERFHERLTEHE

FIRES TRAFMENE: 18 EH R BN D FE 08 [F i 321 70kHz, 1E#t LB D RIEIESE6.5 A
FIREDI NIEL —1.10x10% Hzh 56,88 x10" Hz

freq,shift {(hz?

y {ang}




[DFTB]E M E R /SR iEERILarc-TPI

0 o)

Q ] 0

T Crpry
OOy

O O
KERImSNT=D)aVIEEEFEH
B/ 7—ICEHMEREFHERLTEHE

STMIE[{&: ENANE X4V, iFEH LA DR EIER0.3 A

RAER 3.96x10° nA. H/ANER2,68x10% A g PRAz S Ser s kA Vi

current {(na’




[DFTB] =M EVER) ASFEEFILarc-TP

0]

? L P o Gl
N NU p— ,,.;aj- P
o ’ ( 3

O

KERIEEINF- DI EE R
/37— I BRI R AR i E

LR JRAFMEBHE: $FEEHREID 08 E IR 2 170kHz, $FEHER B D= FEEEE#A4.8 A
BLIREBD I NIE —1.47 x10% HzAD 3.46x10* Hz

fregq,shift {(hz?

| i o) [ o o, |




[DFTB)Y 77—k (diacetate)[ 7 7 — MM D —FE]

STMEIZ: ENANE X4V, F#tEA B O &xEEH0.8A
BRER 4.16 x10% nA. /NEFRA.46 x102 nA

CH3
o=
@)
HO 0
O

o

0]

KERImEND IV REEFER
E/Y—THE

current {(na’




(11ACeladlE : E ‘ .
A& /\ =a
. ) I NE [E] SRy %6 .
. . ’—'_l- =‘:A
O O =| Ky 24T (J) ; . 6 '
0 O
O O
O O
fregq,.shift {(hz?}
V O
545
O

y {ang)

-5.5




[DFTB] K7 T —(triacetate)[ 7 T — Ml () — 78]

~ OCOCH, CH.,0COCH, _  STMENH&: FIINEEAV, iRt LM D IEER1.3 A
Ic& - BAER 2.57x10* nA. B/IEFR7.59x10 L nA
——o—c/OCOCH3 \C—O—c/ \c-—
OCOCH,
PR

CH,0COCH,§ OCOCH;

KERImINF-DUa T EFH
£/X—TiHE



[DFTB] K7 T —(triacetate)[ 7 T — Ml () — 78]

_ OCOCH, CH,0COCH, Rl E S TRAFMEN:
c & o ] REHEEI D IR E K $170kHz,
[bcocn, N/ \ | EetEEMOREIER3A
- ot REROTIIE-2.14x10° Hhvd 7.69x10" Hz

NN

CH,0COCH,§ OCOCH;

KERImINF-DUa T EFH
£/X—TiHE

MiFEEEHEBEIELTNET



[DFTB]t/LO—X(cellulose)[7 &T— Ml () —F&]

STMIE|{&: FIMNEE4V, iIFstEHB D REIER0.9A

, BRER 3.64x10% nA. B/MNEFRS5.54 10 nA
OH
HO o
OH 3
OH n

KERIFISNI=aViEt a2 F A
E/X—Tit&E

MiFEEEHEBEIELTNET



[DFTB]t/LO—X(cellulose)[7 &T— Ml () —F&]

BB # T FAFMIE & :
FEEHRE) D KNS B K2 170kHz,
FEiEA B ORI EIERA.4 A

OH OH BiEHOThIL —1.86x10° HzAS 1.00x10° Hz

OH freq,shift (hz?

KERIFISNI=aViEt a2 F A
E/X—Tit&E

MiFEEEHEBEIELTNET



-0 L-TSRXF VI AR E DB
[DFTB)RJAY T L > Dconstant current STM{&

f 2alb—hETIL
¥R&t: SiH ES \

i cis- T RUAYTLU(RAT L), B&Utrans-RUAVTL (T EARILA)
AFyI)7: 20Ax 10 A
A&+ E—K: Constant current STM

cis-iR AT (RART L) trans-R) AV TL 2 (T ERILA)

A A AN AN X -CHs

eo Lo tee L L e
oo.‘ oo.‘ oo.;.- "2 A A A A AL DA




EF-TJL-TSIRAFYYAEEDF

[DFTB)RUAYFL > MDconstant current STM{&
=+5.0V,1=10 nA.

cis-polyisoprene, constant current STM, Viip

trans-polyisoprene, constant current STM, V... =+5.0V, | = 10 nA.

tip




[DFTBYRYITFLUDRERE#M IFAFMEL 22— 3>
AL —FETIL ~
4t COIESt

Ba RyTFLY N

n
AF¥yoIT)7: 8Ax6A
2AEX v E—R: BIEH TIFARM
HIRERE: 172 kHz

4 cf. Experiment )

IRIRT ILHCgHys DAFM forcefi

AVRSAMENDELZ BRI R T —
)[/—ijl {_T%)o

IRIKC jgHog[FRU T FL UIZHIET B
ETIVIEEYMTH S, AEIZERS0N
5 (aEs ARykIE-(CH,)-(CH,)- Z£&IRETE
B

Sergei N. Magonov and Darrell H. Reneker, Annu. Rev.
Mater. Sci. 27, 175-222 (1997). Characterization of
polymer surfaces with atomic force microscopy.

x {ang? i K j




[DFTB):RTFLTLIZL—KMPET)®MDconstant current STM>2alL— 3>

IalL—FETIL

M%ﬂ}

EREt: SiyHER
alr: 7|'\'JI7-I//TD7’5!I/ ~PET)
AEXyI)7: 16 Ax 16 A
AFw>E—FK: constant current STM
IEEH/NATR: 420V, -2.0V
TEmfE: 10, 100, 1000 nA

.

Top view

'

AEx¥2ITT

B8 NATRX: +2.0V




[DFTB)R)ITFL>TLI7EL—KPET)®MDconstant current STM> 22— 3>

AEXvo 7

BEE/NAT R -20V

8.0

1000 nA




[DFTB)/RTFL >4 1)a—)L(PEG)Dconstant current STMY2alL—i 3y

-

A%

Ial—hETIL

1REt: SiHIES
#HEAR)VIFLUTa—)L(PEG)
AF¥wIT)F: 30Ax 20 A

A&+ E—NK: constant current STM
EENATR: +5.0V

EimfE: 1000 nA

2

n=7 C1EEAD S AEE,
X (En=21 GREEADSEA) DPEGET /L,

/

zZ#iR2L T,
STMI 22
L—3uh
A[EETY



[DFTB)RY) 7EFL > Dconstant height STMS a2l — 3>

IalL—FETIL
4 N

oy

n

iRE: Si,HiFEt
#1454 trans-polyacetylene
A¥vT!)7: 10Ax 10 A
AX v E—F:

constant height STM
et — SR EERE: 3.5A

FEMEREHZR LT
trans-polyacetylene®7 JL




[DFTB)RY) 7EFL > Dconstant height STMS a2l — 3>

IalL—FETIL
a N

)

n

BREt: SiH REt

4% cis-polyacetylene
A¥vT!)7: 10Ax 10 A
AX v E—F:

constant height STM =
AL =y St A BRI R EHZERLT-
#RE — SR RIRERE: 3.5 A e molyacetone T 1

\_ /

Vv

tip




DFTBZERAT S &Y. UTOFH-LHMENFEoNET

BN FHIEDSTMEEE R TRAFMEE AA—F —TRDODBIEMTE
x93

ChemSketch&REIENE7—Y TR &Y. (FEAEH SR LHBHEES S FDR
KT —3EERTEZXT

*ChemSketchlZld., FEELZ D FIUABEDBEILHERENFTONTULVET
‘BT EREDREFIOLLIAEHDT FTHONIEZ AL — a3 F[RETY



Parts: B+ E(RDERRT

SPMLZalL—RIZEENBAVILIND>L BRI ERDEREIaL—IT
VTEDHED

BERELAFMES SaL—8 SRBIGHBEEE

DI  EFEIRAISPMIES 2L —4(FEENBEE)



ITLorAZOR
[CG) LT LU FDREKEEHL TAFMIZ

JLT L > (rubrene)[ B H4ELD —FE]

O O CORErZ (=M
COCC m—
O Q | “ ||||

| .

r |

|
Kz\#\.-*l\f\L)

BHMBORRT—2(F. 7Y
—Y) 7 +ChemSketch TYER A]
RETY

LI 1] ]
N e AN, AN

| |
| JMI"".“I !

«ChemSketchlZIlX. 9F NI
FEEDRBEIEEERENINT
WVET




ILHO9MAZHR
[CG) LT LU FDREKEEH TAFMIZ

RBLRE TRAFMEBHE: 3R & R END LB B IR #125kHz, $F&H LA B D& FEEEEE3.9A
FIRBDI NIE — 2.04 x10" Hzho —7.00x10 " Hz

AFME&EMN ., AxA—HS—T
FEICUIaAL—3>T
=FT




ILHO9MAZHR
[CG] TPDHF D EKRE S T RAFMIR

TPD(triphenyldiamine)[ B #£ELD —F&]

BHRMHEORIRT —2IF. TV

—) 7k ChemSketch T{E B Al
HETY
N N «ChemSketchlZI&., 73 F®DiL
AEEDRBIEHEBENTINT
&
CH,4 H,
COFEET&{E &

|

»
1
7

»

»
\

)

Y wa” ‘\_f'\"

|
s




ILHO9MAZHR
[CG)] TPDHF D AR TFAFM{Z

LR E TRAFMEBENE: 3R & R END TS B R #125kHz, $F&H LA D= FEEEEE4.3 A
FIRBDI NIE —1.74 x10" Hzho —1.58x10° Hz

delta

A —TF(Z3al
— AV TEET

x Langl




ILHO9MAZHR
[CG) HOPG® B RES 7 AFM{E

HOPG (BB 245> R R 40
CORREHE R

TYERAIRETY
JSTTEDMIRT —FERK
[Z1EY L7 SetModel AN E L T
WVET




ILHO9MAZHR
[CG) HOPG® B RES 7 AFM{E

LR E TRAFMEBHE: 3R & IR END LIS E IR #125kHz, $F & LA D= FEEEEE3.4 A
BiR#DITNIE 2.23%x101 HzA'D 1.06x10%2 Hz

R D E IR T
AFMBEMN, AFx—5—T
FEE(Z2alL—aVT

cFY




CCZERT ACLICKY. ULTOFHELGMENTGONET

EHFERDFORRMITFAFMBE AA—F —TRKHHZENTEET
ChemSketch&MEEN BT —Y TR &Y., [FEAEHLDL8HE 7 F DR
KT —RE1ERTEET

«ChemSketch(Z[X., B EBEGD FIABEEDHEILEEENFLNTULVET
HEEEBEDRFNLEIAMD FTHNIEXS2AL— 3 A[RETT



[SetModel] [RFETILYERL

H—ARoF/Fa1a—TEFETILDIERK

UG )L A—ILCNT
// HEATN
=E K: swent
HAZILIEE: (8, 6)
BGIREEC 1

557z —h
$*Aﬁ

\_
p

—F: sheet
7347)1/? #: (20, -10)
BHAREE: 1

75—L Uk

REAT

E—F: fuller
HAZILIEEL: (5, 5)
BAfrfash: 1

FoyTFECNT
_)'l-l'“lj'\ jj

.
-

—I: capped
7347»?‘6%1 (10, -5)
BE{Iia%k




[DFTB] $A740S 7= Do RIIVERG T L—F

##&t: Cuyg @
##: Cu Phthalocyanine, C,,H;sCuNg. M\ N
ERITESE Nv e N
Fik BE—ESTM C o)
BetES: 2.8 A "~
FEEH/NAT R +6.0V \8

/ cf. Experiment \

40 A x 40 A IELL. PYlr
&84} Iron phthalocyanine on Ag (110)
Fi%: constant current STM

16 Ax16 A
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/ Gael Reecht et al., Phys. Rev. Lett. 2, 112, 047403 (2014)./
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E1EDN

EFE1EDB




HE(RERERE WS [DFTB) Ge(111)-c(2 X 8)Mconstant current STMS S aL—33>

¥t SiH,

S Ge(111)-c(2 x 8).
ZF;%: constant current STM
Bty RA2k 10 nA
EENAT R +05V

/ cf. Experiment \
¥ Ge(111)-c(2 x 8)
50 A x50 A %’:;‘2-5 STM

e NAT7 X +0.5V

80 A x80A

Q). Sawada et al., Materials Transactions 50, 940-942 (2009)/




$EREENE VY
DFTB: CdS(100)-(1x1) STM

STMEE&#5E (Phys. Rev. B 56, 12321)
E.ABRE. B N\I1T7R-2.9v
B EHERE. EH/NMT7 X+2.4V

¥EEH: AT AT U
X FIERM: CdS (1010) -(1x1)

THRIFHBS R FERLLTM->TLIN DFTB STM E-E.iﬁ—i(%
[£. SetModelTE D k574 B R T— £ SHIRE, Bt/ (722,00
BELVERRTEIRETY A IELHIRRE., HFE/ 1T X-2.0v




SR DL N
DFTB: InP(001)-c(4x2) STM

1EZEH 3T RATY

A #IRE: InP(001)-c(4x2) STM AR5~ ML bE—F

EE /N T X 1.5V
TR E: 10000nA

(. SetModel TE D LH7%FE@RMKRT —

ZHIERFIRETY




FRBEELEYY | [DETB)GaNDRERENSTMY 1L —ay

GaN(0001)MD2 x 2FB1E R
P— g PRET Si4H9

44 : GaN

AEX w2 I)T7:20A x12A

AX > E—K:constant current ST
EE/NAT X :+1.0[V]
EF{E : 2400[nA]

4 =8B % W e e S e e

BT ILEE :-3.0[V]
FERI%Vol.21, No3, pp.134-141,2000 20A
N\ VN




FRAEBEEYY | [DFTBIGaND#EEENSTMI SaL—ay
GaN (0001)?1 x 1B #E Rk

Rt SiH,

A ¥ GaN

AF¥vYUII)F7:10A X6A

A& >E—K:constant current ST

EE/NAT X :+1.0[V]
TE 7 E : 8500[nA]

SHOETFIL REILE BT

é 52 R B {2 N ( constant current STMS S L—3> A
. HABNATRERE:
-0.75[V]
EE./JILFE-
0.03~0.11[nA]
PHYSICAL REVIEW LETTERS VOLUME 79, NUMBER 20 17 NOVEMBER 10 A
K 1997 J N )

EfglFZaV oA NRER



FEREERE YD

GaN (000103 x sk

\ m 957 /3& »
AEDETIL (5'1‘1"”(21:%141‘%?)
( EAE# h
R NATRERE:
-0.1[V]
BilE:
0.03~0.11[nA]

PHYSICAL REVIEW LETTERS VOLUME 79, NUMBER 20 17 NOVEMBER

1997

)

[DFTB)GaN®D#EREADSTMU I aL— 3y

*%ﬁ-l- x Si4H9
a4t GaN
AXwI)F7:20A x15A

A¥ > E—NK:constant current ST
Rt /NAF R :+1.0]V]
T iR{E : 800[nA]

4 constant current STM>,SaL—3 3>

J

EfglFZaV oA NRER



FEREENE Y
[DFTB]) 4H-SiC (0001) &RE® constant current STM{&>IalL— 3>

4H-SiC (0001) REDHEE
2 H SR

EEt
INT R

wEtET

ol

STM{&S 2L —323>IZI&. constant
height®—Fk &, constant currentE—R A

ElRSNTLET




FEREENE YD
DETB I XGCE22ZE 0Lk )

KRIEIHEN =S FEE
S 0.75660.25

M7 m(ZEREES 227)

(001)E
SifERIPDSIREFETUE LIZCGeLbBEZTRA-1D

AL ERATEE T

};’K

2.,




STMER: EMNEIELV, IFsHER BN =IEEEE1SA
RAEMR 2.28 x10°nA., &=/MEFR1.04 x10° nA

(BT BN
L




STMEHR: EIMNEE-1V, LB O=zERE1.5A
BARER —6.58x10%nA. &/MER —1.60x10° nA

EETHEN
HYET




FEFEEN YD

DFTB: CulnSe2(001) STM

REt: ZUT AT STM AV XA AL ME—F
=X 3R :CulnSe2(001) IESLNA T R 1.0V

EifE: 1.0nA

(. SetModel TE D LH7%FE@RMKRT —

ZHIERFIRETY




ILOZMAZHOR

[DFTB] InAs-GaSb5.E M (110)E D constant current STM{&

~ Y2alb—hETIL

EXEOETRE (AHUEREHEER)

;‘%H"f'l' Si4H9
H#: InAs-GaShHREN(110)E
AXvI)7: 40A x40 A

A&+ E—K: constant current STM
| | 3REH/NAMTR: +10V

EiR{E: 1000 nA
f2{EE: 0.5A

a cf. Experiment N
(a), InA Y GaSb

bonds. Inset: Simulated XSTM image of this structure. Both
gray scales span about 1 A.

S. G. Kim, S. C. Erwin, B. Z. Nosho, L. J. Whitman, Phys. Rev. B 67,

121306(R) (2003).
\ /




ILOYrAZ=HOR
[DFTB] Mo(111)®constant current STM{&

—— VEaL—hETI

?*Tﬁ'l- Si4H9

F: Mo(111)XR M

AXwIT)7: 20Ax 20 A
A¥ > FE—K: constant current STM
EE/INATR: 405V

TimfE: 10 nA

STERER r cf. Experiment A

STM image of Mo(111) surface.

http://www.cmu.edu/physics/stm/publ/107/LB-STM.pdf
Scanning Tunneling Microscopy of Metals and Semiconductors

g J




[DFTB]SiFzx@E D X adconstant current STM 22 L— 3>
- IalL—FETIL ~

1RE: SigHiFE
defect X fadl ¥ Si(111)-DASHE &
; AExvyoxT)7:
45 A x 30 A
AXvE—k:
constant current,
BEEt/NAT7X: -1.0V
TFE: 1000 nA

EEREDSIFEFDIRITI=-EZAIZ. 2BBDOSIEFDEENERENT-,



[DFTB] Constant current STM image of Si(110):H

/cf. Experiment

SOHTOEIR
BREt: Wy, BETxHRIR
A kFRRImSh=si(110)
ZF;%:constant current STM

Appl. Phys. Lett. 85, 6254 (2004)
AE/ A7 R-2.0v, B 0.3nA




[DFTB]Si(111)V3 X V3-AgDSTM{Z
Si(111)V3 X V3-AgDSTMEIE ., IE/NA T ADNE/NAT AN THEIEBREINI YA EDH D,

EVODERN

FREHDEBEENEDEFDSTMEZ

ey AQIRF D I3EAD K
T=ARO T LA
HLERBEEIN TS,
SHR[L] THSTMIR
(empty state) REEE:-0.1[V], R&t - M EEERE:3.0[A]TD

3alb—ialEER

R DEEMNEDEFDSTME

Va1
/= /3

PRETEE:0.3[V], £REt - HAMIER:2.0[A]TD

XER[1] THSTME
Bt (filled state)
TIaL—iaviER
[1]: 545 %

Ag/SI(11)RE DR FRREE/NUTINA R A—=D Y,
http://topics.libra.titech.ac.jp/en/recordID/catalog.bib/TTO0006729



[DFTB]Ag(111) LD EE D EICE M NI=BIRFDSTME(1)

V3 X B EABE G EILIZHLTLIDDBINHZIEE

topo
(Ag(111) EIZEWV=15E)

6 = 0.0000ML
(@)

XHK[2] TDSTMIE @
Vs=041V] 120.3[nAl FREH(SiyHyo) £ FREHBIE:0.4[V], R8T - SAIRIHEAES.O[A]
TOLYRIVERBODIIaL—a iER

[2]:Hiroyuki Fukumoto, Yuki Aoki, and Hiroyuki Hirayama
Decay of Shockley surface state by randomly adsorbed Bi atoms at Ag(111) surfaces

Phys. Rev. B 86, 165311 — Published 11 October 2012



[DFTB]Ag(111) LD EE D EICE M NI=BIRFDSTME(2)

V3 X B EABE G EILIZHLTLIDDBINHZIEE

topo
(REDAGEE#RLI-5E)

6 = 0.0000ML
(a)]

SIss S
SS9 18801 9)

XX
14PN
COIENIS)

XHR[2] TDSTME ; by . -
V=041V 1=0.3Al BREF(SiyHio) £ HREEE 0.4(V], #RST - SUFHEERE 3.0 Al

TOLRIVERBDIIaL—a iER

[2]:Hiroyuki Fukumoto, Yuki Aoki, and Hiroyuki Hirayama
Decay of Shockley surface state by randomly adsorbed Bi atoms at Ag(111) surfaces
Phys. Rev. B 86, 165311 — Published 11 October 2012



[DFTB]AQ(111) LD EE DL EICE M NT=BI[RFDSTMIE(3)

V3 X \BHEEABE M EILIZHLT2DDBINHZIEE

topo
(Ag(111) EICEL-315F)

6 = 0.0000ML
(a)]

10,6

A A BREH(SiiHuo) 5 PR EIE:0.4]V], R4t - FOMMIIERE3.0[A]
) - TOMFLERBOIIL—Sa iR

[2]:Hiroyuki Fukumoto, Yuki Aoki, and Hiroyuki Hirayama
Decay of Shockley surface state by randomly adsorbed Bi atoms at Ag(111) surfaces

Phys. Rev. B 86, 165311 — Published 11 October 2012



[DFTB]AQ(111) EDEE D EIZE M NI=BIRFDSTMIZ(4)

V3 X B EABE G EILIZHLT2DDBINHZIEE

topo
(REDAGEEHRLIZEE)

6 = 0.0000ML
(a)]

PRETEE:0.4[V], BREt - BMEEERE3.0[A]

. ORIV ERBOLI1L— 3 4R

V,=-0.4[V], 1=0.3[nA]

[2]:Hiroyuki Fukumoto, Yuki Aoki, and Hiroyuki Hirayama
Decay of Shockley surface state by randomly adsorbed Bi atoms at Ag(111) surfaces

Phys. Rev. B 86, 165311 — Published 11 October 2012



[DFTB]Ag(111)V3 x V3-BidDSTM{&(1)

Ag(111) LIZBixE L \=15 &

EQ 148 18D
XX
Slas)erie
$8148)18)

XHRIBITOSTME \ :
E.H?EOES’%]L $22 L= D ANET L (£ o) DR A B L) & P R - R A8 Ao 5 1=
Bg,/)ILV.

R4t (Si,H, o) E R H

¥REHEE:0.003[V],

Rt - SRR 3.0[A]TD
FoRILERBDIZIaL—a R
[3]:Hiroyuki Hirayama, Yuki Aoki, and Chiaki Kato

Quantum Interference of Rashba-Type Spin-Split Surface State Electrons

Phys. Rev. Lett. 107, 027204 — Published 7 July 2011



[DFTBJAQ(111)V3 X V3-Bi(D STM{&(2)

REDAQEBINELT-1GE

& 4818} X

ERETOSTME _ NEJ ARSI N D4
EIEEEaRAL, . T = o v - ) - ‘
TEi70.5[nA] D2l —avIZAWVEETILIEC VDRI EMAEIL) Z LA RE-EEEMNS R -K

¥R&H(Si,H, o) EFUH

¥R&tE£:0.003[V],
PRt - e :3.0[A]TD
FoRILERBDIZI2L—aV#ER
[3]:Hiroyuki Hirayama, Yuki Aoki, and Chiaki Kato
Quantum Interference of Rashba-Type Spin-Split Surface State Electrons
Phys. Rev. Lett. 107, 027204 — Published 7 July 2011



[DFTB]Si(001)-3x1:HZR E M constant height STM{& S 2alL— 3>

&t

Bk S SR
AEX Y E—FR:
BEat-S R D FR
S A
AEFroI)7:

Si,Hq

Si(001)-3x1:H
constant height STM
3.4 A

+2.73V
18.0Ax11.5A

/ cf. Experiment \

H/Si(100)-3x1 R E D constant current STM{&,
YT ILINAT RIE+3.5V,
BIEXTEA,

NN TERFZMHEE) RO

Khan, Arifur Rahman,

Reaction of atomic hydrogen and oxygen with
deuteriumcovered silicon(D/Si)surfaces. (2008)

\ )




[DFTB]Si(001)-3x1:HxRE M constant current STM{&> a2l —i 3>

&t
Bk S SR
AEX Y E—FR:
EE/N(T R
EiRiE:

AExvoxl)7:

Si,Hq

Si(001)-3x1:H
constant current STM
+2.73V

1000 nA

25 Ax 25 A

/ cf. Experiment \

H/Si(100)-3x1 R E D constant current STM{&,
YT ILINAT RIE+3.5V,
BIEXTEA,

FU TEKRFZMHERE) RO
Khan, Arifur Rahman,
Reaction of atomic hydrogen and oxygen with

deuteriumcovered silicon(D/Si)surfaces. (2008)

\ )




[DFTB]Si(001)-3x1:HZR E M constant height STM{& S 2alL— 3>

&t

Bk S SR
AExvroE—F:
BEat-S R D FR
S A
AREY2I)7:

Si,Hq

Si(001)-3x1:H
constant height STM
3.4 A

+3.5V

25Ax25A

/ cf. Experiment \

H/Si(100)-3x1 R E D constant current STM{&,
YT ILINAT RIE+3.5V,
BIEXTEA,

FU TEKRFZMHERE) RO
Khan, Arifur Rahman,
Reaction of atomic hydrogen and oxygen with

deuteriumcovered silicon(D/Si)surfaces. (2008)

\ )




[DFTB]Si(001)-3x1:HxRE M constant current STM{&> a2l —i 3>

8t Si,H, / \
AR mE: Si(001)-3x1:H cf. Experiment

AEXvE—K: constant current STM —

1EEHINAT R +3.5V f

BiRiE: 1000 nA

AExvxl)7: 25 A x25 A

H/Si(100)-3x1 R E D constant current STM{&,
YT ILINAT RIE+3.5V,
BIEXTEA,

FuI TEKFZMHERE) R

Khan, Arifur Rahman,

Reaction of atomic hydrogen and oxygen with
deuteriumcovered silicon(D/Si)surfaces. (2008)

\ )

x {ang)



[DFTB]Si(001)-3x1:HxRE M constant current STM{&> a2l —i 3>

&t
Bk S SR
AEX Y E—FR:
EE/N(T R
EiRiE:

AExvoxl)7:

Si,Hq

Si(001)-3x1:H
constant current STM
-35V

1000 nA

25 Ax 25 A

/ cf. Experiment \

H/Si(100)-3x1 R E D constant current STM{&,
YT ILINAT RIE+3.5V,
BIEXTEA,

FU TEKRFZMHERE) RO
Khan, Arifur Rahman,
Reaction of atomic hydrogen and oxygen with

deuteriumcovered silicon(D/Si)surfaces. (2008)

\ )




[DFTB]Si(001)-3x1:HxRE M constant current STM{&> a2l —i 3>

&t
Bk S SR
AEX Y E—FR:
EE/N(T R
EiRiE:

AExvoxl)7:

Si,Hq

Si(001)-3x1:H
constant current STM
-35V

1nA

25 Ax 25 A

/ cf. Experiment \

H/Si(100)-3x1 R E D constant current STM{&,
YT ILINAT RIE+3.5V,
BIEXTEA,

FU TEKRFZMHERE) RO
Khan, Arifur Rahman,
Reaction of atomic hydrogen and oxygen with

deuteriumcovered silicon(D/Si)surfaces. (2008)

\ )




[DFTB] Au(001)B+ERRE D STMEIZE LY

FEE-HEETIL

R&t: Au,,

A FZRM: Au(001)-5x1 reconstructed
EEt-SRH B D ERE: 4 A

INAT ABEIREDELL): +0.7 V

STMBDEHERRE

RFIEIHFEETDIDIZ. ERAHEYRNTLVELY,
BROBEHNERI-OTLVS

1]

-

.

(2615)

S. Bengio et al., Phys. Rev. B 86, 045426 (2012).

Au(100)-26x5 reconstructed

J




DFTBY )L/ N\ 451

DFTBY L/, EEEAEFAOHAEE CLRBFICER/ I 2L —1a0BNTASEDIC
HE SN TULET

(2, RIBGELGEZIRBIT AL Tt EREZRNIEICEMRBLTHY ., EEREE LI
TLTORaL—2 a3 ITABSDICEHESNTLVET

—NDESIZ. DFTBYIL/NIFETE B ELEH
[CLTWAENHEIDTTMN., FNTEH, —
R E—RIEHEY MK BEFIRREY
Sal—YavDETRERELLERLT,. &BEBD
HULDNVEREZF > TLVET




DFTBYILINDARVFI—UTAE

DFTBYL/\&0penMX T, BEEFA2( TIO, )D/N\UREEE S E LR D LR

DFTB OpenMX
= Sy = =~ I BN 0 Se——— T T —
il N ~ \\\:
R< - Z -
— N 7 ——
lgf ( 3 4

© ® A N O N NN O ©
1 1 1
% & A N O N M O ©
L e~ |
1

=
o
[BEY
o

DFTBYIL/N[E. Kk, EERTO—DJEMBEBRD I AL —a E T30V ITTMN., itEEG
DB TEENESEICKDIN\ B ETEZITLVET . CODFTBOD/NURETEREREE . OpenMXIZ& B
NRFEDORREZLEEL-ONLELORTT, BEXBR—HMLTWAZENTMET, (EEICERTESN
BDFTBYIL/NIZIE, N FBEEZHE N T HEEIFESNTOWEEA,)

OpenMXIE. RERKEYMEREFID BT RN PO ELG-THESN-. 7U—DF—REBHEYIH
T9,, EEHEDELNYINTHAZEN., [GLERHLNTLVET,




DFTBZERAT S &Y. UTOFH-LHMENFEoNET

FHMREREZLETTO. €& - EHFERERDSTMREAF —F —TRD

BIENTEET

SetModellZ&kY . [FEAEHOR I ER - BEHFERERDIIRKT —2%1ER
TEFET

STMBEZI 2L —2a 9 5R. BHES—EE—FERILERIE—

— R ERFET

‘KPFM{BE KDL EMTEET

STS(FURILTFEREMER) Sl — 3 £ A[EETY
SR EE-EMEEMDOERD. TRILX— N\UFEBEFE T HHLEE
BIN9T5FETT



Part7: it 8 D eI

TEH1D

SPMLZalL—RIZEENBAVIL/NDS>LEME DEHRFIaL— 3y

SO0 CIN | #Eet-HBETILERY—IL HERBEEER

DFTB

= FERAISPMIES 22 L—R(EENBEE#E)




[DFTB] &&—EE—FIZ&HRUO,(110) RED U RILERBESTMIZ2L— 30

DFTB ot e o
- FE-EHBEETIL

A ¥ E: Ru0,(110)

¥RET: Si H,

S FFRE: Ru0,(110)
FitES:85 A
FEEH/NAT R +0.01V

[ i g E
: i i
SR o k- S i
s " ® g
-

o Yol

-

- S
“

. 4
=
gl W
%
-
»

e
=
5
~

lcusRu 0, bridging oxygen SHORFEELL TR/ IZVMITAEL.
(1-fold coordinatively unsaturated sites) iji |'|':l__| ~ [j: jﬁ)&’\o LT § E ‘:HIL_\ gE—d—é o

Bc—EE—F. FMRILERBOFERR

current {nal

it TR KO THRERL =B ET L ZE E D R,
HEBEORMNEMRF. REOBRLBAT VYO I)T7ERT

EiH{E0.0~0.00767 nA



[DFTB] Constant current E—F[Z&kHRuO,(110) FRE D STMERES

/— Experiment \

Experimental STM image (constant current mode, taken at RT) of a
stoichiometric RuO,(1 1 0) surface: 50 Ax 50 A, U =-0.01V, | = 0.46 nA.

KH. Over, A. P. Seitsonen, E. Lundgren, M. Schmid and P. Varga, Surface Science 515 (2002) 143-156. /




[DFTB] Constant current E—FIZ&SHRuUO,(110) REINDSTMYZaL— 3>

D=l  BREESESS AMD5.0 AETO5 AP DEALSELGH L, NATFTRX—3E (+0.01 V), HES—EE—FTHLONIH
DRIVETRG BOELIIHBRT—ILIZER-TEY, FA%0.001 nA, FAH1100.0 nAIZHIES B,

....... 046 nA
z=7.0A "
7 AT —IL
\/
1900 & HERMICTOY S LZHEA, —FEDER 0.46 NALEAIEEHBESERKROT-,
d On Oy,
100 |

E Between Oy,'s : |Ilz {ang?
— 1 1
E e e Rl EEE R NCEE R N Uiy
S I =046 nA :
= 0.1 :
O 1
0.01 i
0.001 M
5 6 7 8 9

Tip height z [ang]

AR ERAICHERETES,
Current vs. tip height

Constant currentE—KRIZ S #DFTBYJIL/N—IZHEH SN T E,



[DFTB]TIO,(110)REMLCPD{&

KPFM% LT, TIO,(110) R E OLCPDIg £ E

1:¥$+ Pt14
SAHERE: Tio,(110)

FE-EHETIL LCPDEMD I IaL—ia U fER



[DFTB] TiO,(110)EMAFM, KPFME LS T2 L—S 3y

&t SiH,, N TiO,(110) — (1x1)

A Ti0,(110)-(1x1)

‘* -

/_g,%umﬁ@ﬁ*&?%\ ) B S S

7

/

F110] € 1 .

‘ D0 9
[001]

Surface Science Reports, 66, (2011),1-27

— -
K P F M "cz dh'e'tlio-n

alb—iay

+
o R [-110] - ..

L [001]

AFM #E&t-SH PO EB3.5A KPFM #E&t-SH R D E#2.5A




ILYFA=HR
[DFTB] Au(111)ER L DK FDSTMES KU AFMIZ

KFERImSNT=2)AVREEZFER

KD FDORKRT 2. 7
1J—*) 7 ChemSketch T1E




ILOYrAZ=HOR
[DFTB] Au(111) &k £ D 7K 53 FDconstant height STM{&

STMEZ: ENINEE 4V, HFEE LA B DxERE1.2 A
BAEIM 1.91x10° nA. /MEFR 9.49 x10° nA




ITLorAZOR
[DFTB] Au(111)E iR E DK FDE RIS TFAFMIE

RS TRAFMEMR : BREH R B D 1S E IR $M170kHz, $RET LB DX FEIERE3.9 A
FIREBDITNIE -2 47 x10°% Hzh 5 1.43x10° Hz

MOTFAFME S ZaL—
I AE[RETY




SEERESPER

[DFTB]INO/Pt(111)Mconstant current STM{&

— AL —FETIL

1R&t: SiH EE
L NODFHEFIRE
Lf=Pt(111)RmE
AEXw2IT)7: 20Ax 20 A
AEx v E—kK:
Constant current STM
BEH/NAMTR: 410V
ERIE: 0.5nA

- R EB%X, @: B%.

@ )., e: KFE

BEHRIEREHERL-ETIL. EEEL,
FoNTHAEDORFERBICER T,

/

cf. Experiment

[TTz]L f

\%b\ﬁ’m ﬂ&# LT.Pt(lll)iﬁODSTM{%

https://www.jstage.jst.go.jp/article/jvsj2/52/2/52_2 47/ pdf

~




SEERESPER

[DFTB]INO/Pt(111)®Dconstant current STM{Z

— IaL—FETIL

1R&t: SiH EE
A NOHFHRE

Lf=Pt(111)RmE
AFxyoI)7: 35Ax20A
AEx v E—kK:

Constant current STM
EENA(T R +1.0V
ERIE: 0.5nA

- BER., 2R, @ BHE. RS REGEELEETIL, EHL.

®: )., e: K=E

FUobTHADORFERBICER T,

AN

cf. Experiment

- T P e .

NO#FH k& L1=Pt(111) R E N STM{E

khttps ://www.jstage.jst.go.jp/article/jvsj2/52/2/52 2 47/ _ pdfj




BE=EEENH [DFTB]TiO,(110) L DPtDSTME:

EERER (Pt,DIHE)

f
/1

T

A¥ > I1)7:3.5%X3.5nm?
INAT R, EREITRECE
\ FREFRIZVol. 31, No. 10, pp. 537-542, 2010

/ Constant current STM>SaL—33>

%—dﬁ'l' x Si4Hg

##:Tio, EDPt,
AEFYI)7:12A X 13A

A ¥+ FE—K:constant current STM
SN T R +1.0[V]

BB : 400[nA]

/

~




Jefihis - 48 & 5T [DFTBIJWO,RENSTMIZ

?%ﬁ-l- - Si4Hg

Eit*sl' :WO3

AEXvII)7:8A X8A

A ¥ E—FK:constant current ST
EENAT R +1.0[V]

T iE : 48[nA]

SetModel CRAEIZ/ERLTEET




BB & B A

plapzl  ZrO, (PIa=7 BHEEOHARAAEELTHLLND)

IKFRImSN =D)ALV RS EEHA
B mERRES 14)[FEDEE] SetModel TE O & 575G A IR T —214F
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