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[DFTB] Olympicene® K 7bAFMY S 2L — 3>

nc-AFM simulation of an Olympicene radical, C;4H;,
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[DFTBlA7 k> (Kapton)[7:') A = K (polyimide) D — F&]

L O O i
KFRRImSN =D)AL R EFEA
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STMEZ: ENINEE4V, HFEEt LA B D=ERR2.0A
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Sergei N. Magonov and Darrell H. Reneker, Annu. Rev.
Mater. Sci. 27, 175-222 (1997). Characterization of
polymer surfaces with atomic force microscopy.
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[DFTB] BardeenDEEI;EEDFTBIEICLAHSTMED 2L — 3y

FUORILERDETE- pal=N sTMS SaL—aY
SiaHo tip; E#tES=4.0 A

1(RV)=22 [ 363 (E) 3, (R)G (E+eV), (RYE

Si(111)-7x7 DAS & 1& STERERY 1.5 BERS
(172x100 pixels)

Uratcell of Si{1 11»7x7 DAS structure
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[DFTB] Si(001)-c(4x2)FRE D STMEERES SaL— 3y

FEE-AHEETIL

£R&t: SiyHg
¥R E: Si(001)-c(4x2)
1ES-SAB M DERE: 2.32 A
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K. Hata, S. Yasuda, and H. Shigekawa,
\ Phys. Rev. B 60, 8164 (1999).
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[DFTB] Constant height STM image of Si(001)-c(4x2)
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Constant height STM. Current map
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[DFTB]Si(001)-3x1:HZR E dconstant height STM{&S 22 L —3/3

PRt

SHEE:
BEet-SHH R D EE
AEx v E—F:
BEEHNAT X
AREYIY7:

Si;Hq

Si(001)-3x1:H

3.4A

constant height STM
2.73V
18.0Ax11.5A

>/
K cf. Experiment \

STM image of H/Si(100)-3x1 surface taken at
3.5 V bias voltage.
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Reaction of atomic hydrogen and oxygen with
deuteriumcovered silicon(D/Si)surfaces. (2008)
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[DFTB] Au(OO1) B &R EREDSTMEI R Y
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Rt Auy,

X #FR @ Au(001)-5x1 reconstructed
EEt-SUR B DR 4 A
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STMER D ERER
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\_ Au(100)-26x5 reconstructed

S. Bengié et al., Phys. Rev. B 86, 045426 (2012).
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¥R &t SiH,, (AFM, KPFMFR)
F 121 SiHg (STMA)
HE RS F

Si4H10
AFM, KPFM 24t

Si,H,
STMAIEEt

AE{R

Mt

STM HOMO STM LUMO NC-AFM
Phys. Rev. Lett. 94, 026803 (2005) Ek3 Science 325, 1110-1114 (2009)
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[DFTB] &—EE—FIZ&DHRUO,(110) REA D RILERIBSTMU 22 L— 3

DFTB . .
- Fit-HEETIL

SR ME: Ru0,(110)

¥R &L Si Hg

SH R ME: Ru0,(110)
BEétEX:85 A
1EE/NM T R:+0.01V

0, bridging oxygen AHEORFEEEL TR/ ATuREITHEL.
I xy 75~ ($HERA T CE BRI 5.

Be—EE—F. FORILVERBOFERR

current {nal

Al IR [ Ko THRERL =SB ET L E Lo R-E,
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[DFTB] Constant current E—FIZ&HRuO,(110) FREDSTMERER

Experiment
2 N
1f-cus-Ru
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L%
5
S0A x 50A \

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

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




[DFTB]Si(111)V3 X V3-AgDSTM{Z
Si(111)V3 X V3-AgDSTME (&, ENATANENATANTHIEBRINEH (LD S,

FREDEBEENEDEFDSTME

ey AQJRF D IEIARD AL
T=AR0 LA
§ S<ERIN TS,
R4t (S HL) LB R TOSTME
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ELODERM

TIaL—ia iER

RETDEEMNEDEDSTME

Yo
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6.5

PREFEE:0.3[V], £REt - iR :2.0[A]TD

XHR[1] TDSTME |
Bt (filled state) «
URal—LaliER
[1]: 515 EF

Ag/SiI(111)RE DR FREREE/NUT AR A—=D Y
http://topics.libra.titech.ac.jp/en/recordID/catalog.bib/TT00006729
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PREtEE:0.4[V], BREt - S rdFEEERE:3.0[A]
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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]JAg(111) LD EE DN EIZE N NT-BIIR FDSTMIE(2)

V3 X\ EABE G ILIZH L TIDDBINHBIHE
(i‘%E@AgtﬁiﬁLf:i%é)

topo

6 =0.0000ML
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YREHEEIT0.4[V], T8t - BRI EEEE3.0[A]

B8t (SigHuo) CEURT
TR RILERBDII2L—avER

[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 EIZE N NT=-BIIR FDSTMIE(3)
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[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) E D EE DL EICE N NT=BIR FDSTMEE(4)
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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) LIZBiZEWL=35HE
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@ EQIPle) @

SI8e19010
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XBRSTOSTMER QeI @ -
T Eash e
B $2aL—LavCBVNVEET L (E L) DIREA B IL) & LD RI-REHEH D R 1=K
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PRt - SrfEIEERE:3.0[A]TD
FoRILERBDIIaAL—a HER
[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]Ag(111)V3 X V3-BidDSTM{&(2)
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[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] o407 Do RIIVERBEZaL—F

$R&t: Cuyy @
s ¥ Cu Phthalocyanine, C;,H;sCUN. NN
HEiklTER NN cu N
Fi& 5S—ESTM \ N N
EetEE: 2.8 A "~ 7"
B NATR: +6.0 V 6

/ cf. Experiment \

et PUIr
&84} Iron phthalocyanine on Ag (110)
Fi%: constant current STM

52 Ax52A,V =-0.029 V, | = 0.15 nA.

sample —

K F. Sedona et al., Nature Materials 11, 970-977 (2012). /




[DFTB] 'S 774+EDCBr,E/LA¥Y—DSTMIZal—ay

Ualb—MIAWESFEE-HHETIL
] / cf. Experiment \
;%%I' SizHg Htmﬁ'l' - Pt/Ir
#1#4: C.Br, monolayer e _
Fix. =X morm B LY a4 : C,Brg monolayer on graphite
constant current STM =
et 2555 A Fi%: constant current STM
¥EEH/NA T R:+2.5Vand -2.5V

Br

Br Br
Br Br

Br

50 A X 50 A, Vgampee = -1.8 V, | = 1.8 nA.
\R. Strohmaier et al., Surface Science 318, L1181-L1185 (1999

HETRERERDT 774 RS Pt/IrD K H Y IZSiHEE Z{F
Constant current E—F X FEF E ., ZZ Tldconstant height STM{&%
FHMABAELT, #EANIE|Z K> Tconstant current STM{EZETE L 1=,




[DFTB] ¥ 5774k LDCBryE/L A1 —Mconstant height STMY2aL—3i 3>
Vip = +2.5 V. BS—EE—F. PR IVERB O EHR

BROEL nA. BHDWFEBRDEXENKRELY,



[DFTB] ¥ 5774k LDCBryE/L A1 —Mconstant height STMY2aL—3i 3>
Vip = -25 V. BS—EE—F FURIVERBOFERER.

BROEL nA. BHDWFEBRDEXENKRELY,



[DFTB] iib/KFCyeH, , DSTMI S L— 3> O cf Experiment A

C,6H14, 1,2-bis[2-(2-ethynylphenyl)ethynyl]lbenzene SRTEEMTAMEN S1 1= 29 [Pay =200
) ] //CH — |

O #R&t: Co
“ s#: C,gH,, molecule
S O EAR IS AR 5 Q —
_ *%ﬁ'l’%é 25 - 50 A AN CosHi4

O = ¥ESH /N4 7 RX:+3.0Vand-3.0V Reactant 1
\\CH 0A 1.54A

Q).G. Oteyza et al., Science 340, 1434-1437 (2013)j

Tunneling current images and constant current STM images for positive and negative biases.
/ V,=+3.0V cc-STM for | = +0.05 nA \

J

cc-STM for | =-0.10 nA \




[DFTB] GaAs(100)&RENDSTMYSal—i3ay

4 Ga (1t layer)  As(2"?layer) N cf. Experiment N
‘s .
GaAs (100) surface cleaved in
‘ . - . UHV (7.2 nm x 7.2 nm) (STM).
— “I/_IQZLI/__*/H\/%E% http://info.ifpan.edu.pl/”wawro/subfrar?\ef/Surfaces).htm
R &t:Si,H, et - MBI OBERE: 3.0[A]
RENAT R +2.0[V] B DREE. AF v E—R,
Ec—ESTMEtE INAT R, ERDIFHEL .

\ VAN J
F2RBDAsOEETEREDT UL EENAROIZLEST-,



http://info.ifpan.edu.pl/~wawro/subframes/Surfaces.htm
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[DFTB] Li-GICOSTM{&> 22l — 3>
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[DFTB] Li-GICOSTM{&> 22l — 3>

LB DT=6h. 57— DHD
ETILTCSTMEZEELT=,

IalL—METIL
ﬁ/ a 7 ) ﬁ

?%ﬁ-l' Si4H9

1 #l: 2 graphene sheets
EREER: 3.34 A
ZEéEE: 3.0A
AXyoTY7: 12Ax12A

EEDINATREEZ DD,
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INMTADIEEATERIE
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[DFTB] CeO, (110) RENDSTMES 2L —

—

ERE DR FEE

ileoe

CeO, (110) XREDHEE
| ) E

R =BERIRF. B=CelR ¥

Unit cell
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[DFTB] CeO, (111) &RE D nc-AFMIR (Z%&)

( )b"’b ‘_ V‘v‘w
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e"% ~
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4 () O (top layer) @ O (4th layer)
O Ce* (2nd layer) @ O (6th layer)

(a)CeO2(111)RMEIZERTAS L A/ —)LEBH L-RIZCERRIN =R F 2 BEEENC-AFM &, (5.3
X 5.3nm2, AA~ 6 nm, Vs= -0.677 V, Af ~ 194 Hz) (b) A FBDORBEHACDETIL,

D FBEREMR2004:EEEEE
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Coronenen ¥H LUNalR F D & BE{%

Coronene4y+I(&. Au(111)
Na coroners EIXLTA0° HELTLDE
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CO15[A1




Coronenesn+. Na[RFZ#EE L= :
Au(111)EIFEEICANT STMI2al—i3
DERITIAHET S,

HIR F TSN -SiiE#t EFE R 5,

Bc—FE—KFTHSTMIZalL— FoRIILERE—FEE—FTOSTM
avE{g TIalL—iariEE




Au(111)mE £ [ZCoronene%F.
NalR FZEELT-X:

HRE F CHRimSN =SitEst % {E-
TSTMYZ2alb—2 3 VFETT 5
E9 5

BS—EE—RFTOSTMIZaL—LaVvH
&




Coronenef DL E &R

12[A]
NN

L[A] * 12[A]

N

@E

CoroneneZrfI&. Au(111)
mIZxLT40° fELVTLVSE
9 5%, Coronenei FDTFIZ
FILH)ERBRFNEES
nThsE95,



Coronenen+. Na[RFZ#EE L= :
Au(111)EIEZEEICANT STMIZaL—2 3 EdERTT5ET 5,
HR FCRIGSNT=-SHEHZFERT 5,

B o R1-K FlHOhoR1=-K
Coronene® ¥ FIZNaJRFMRE X TLY
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Sal—laVvER

EE—FTHSTMY
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NaJg FH R

R

L RT-
Coronenes+® I

i1 OYAN
AV

Coronenes+. NalRFZEZEL-H:
HEREF CRIFSNT-SHEHEFE->TSTMI I aL— a3V EdE2T95HE9 5

—
—

Au(111)E k|

ELhR-H
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[DFTB]Pt(111)3& E M constant height STM 2L — 3>

¥RET (SiHy) EatFd (Pt(111))

EEBRERERS—ELE:

AL —ia iR
Sc—FE—F

RS TR

1FEet - A EOIER: 3.0[A]

&1 . 23.0[A] X23.0[A]

~

1.0[V]

/

U

The structure and corrosion chemistry of bromine on Pt(111)
H. Xu, R. Yuro, I. Harrison
Surface Science 411 (1998) 303-315

EERER

constant current STM

BriE: 1.0[nA]
& B 23.0[A] x23.0[A]

sample bias voltages within =1 V

~

/




[DFTBlA7 k> (Kapton)[7:') A = K (polyimide) D — F&]

L O O i
KFRRImSN =D)AL R EFEA
B/ X—ICRBMNEFREHEZRL TR

STMEZ: ENINEE4V, HFEEt LA B D=ERR2.0A
RAEM 1.42 x10° nA, ==/NETT1.34 x10° nA

current {na’




[DFTBlA7 k> (Kapton)[7:') A = K (polyimide) D — F&]

L O O i
KFERImSN =2 AVREHEER
B/ X—ICRBMNEFREHEZRL TR

LR E S T RAFMIBE: $FEEHREN D H 1B [E R #0170kHz, $F & LBl D =55 FEEE6.0 A
BIREBDT 1nlE —1.02x10° Hzhv o —5,32 x10" Hz

freq,shift (hz?




[DFTB]1—E Ly~ X-RN(Upilex-RN)[7R!) £ S K (polyimide) ) —F&]

{o0to-0

KEFERImSN =) A et EEA
T/ R—ICEHMERFHERLTEE

STMIE{&: FINEE 4V, iIFstEH B D REERH2.5A
RAEIM 8.04x10* nA. &x/NEFT1.28 x102 nA

current {(na’




[DFTB]a—E Ly X-RN(Upilex-RN)[7R1 1 = (polyimide) D —FE]

o0to-0

IKFRImSN=) AV EREZE A
T/ R—ICEHMERFHERLTEE

FEIRES T RAFMENE : 1R $HREN D F I8 [ K $170kHz, 1E$t LR D RIEIE#6.5 A
BIREDI NIL —1.10x10% Hzh 5 —6.88 x10" Hz

freq,shift {(hz?




[DFTB) Y 4 O (Zylon)[& Rl H D —FE]

H-0t

KELmISNF=2Ya s EFE A
T/ X—ICRHMEREHZRELTEHE

STMIE[{&: FIMNEE 4V, iFstEH B D REIER0.5 A
ERAEM 1.01x10° nA, &/NEFT2.40 x10% nA

current {(na?

y (ang’




[DFTB) Y 4 O (Zylon)[& Rl H D —FE]

H-0t

KELmISNF=2Ya s EFE A
T/ X—ICRHMEREHZRELTEHE

LR JRAFMEHE: $FEEHREID T IE E IR 20170kHz, $IFsH LB D= FEEEEE4.5 A
FRIRBDI lE —2.09%x10% Hzh o 1.05x10° Hz

fregq,shift {(hz?




[DFTB)RYARY 4245 — )L (PBI)[& Rkl D —FE]

7J<$‘f5‘iﬁ”ﬁéh7°— 'J:l/h:er’éﬁﬁﬂ

T/ R—ICEHMREREHERLTEE

STM 1% ENANEIE4V, 1Fit LA B DR EIEER0.7 A
KB 4.45x10° nA, &/MEFTL.54 x10* nA

current {na’




[DFTB)RYARY 4245 — )L (PBI)[& Rkl D —FE]

- H H )
N N

IO
N N

KEKImSN -2 ZER

B/ V—ICAHMERFHZRLTEE

IR E TRAFMIER: $FEHREID I E R 20170kHz, $IFsH LB D= FEEEEE4.7 A
FBlLR#DTNIE —1.66x10%2 HzA'D 91810t Hz

freq,shift (hz?




[DFTBl&E Mt #4ER) A2+ fEERILarc-TPI

0 0 0 o -
_-N;:Q/C\Q%‘N‘O/CO

L O O -
KFEImSh =) iEs&EH
E/X—ICEHMEREHZRLTEHE

STMER: ENANEEAV, Bt LA D&IEIERE0.3 A
RAREF 3.96 x10° nA, R/NEFL2.68x10° nA

current {(na’




[DFTBlESMt &4 R A SFEEEFlLarc-TPI

-0 ﬁ: 0O ﬁ? _
KEFERImSNI=D) AR ZER

T/ R—ICEPMREREHERLTEHE

RS TRAFMER: BRETHR BN D IS B IR 2 170kHz, #RET LA B D X F2 B RfE4.8 A
FLIEBOT NIE —1.47 x10% HzhD 3.46 x10* Hz

freq,shift {(hz?




[DFTB)> 77—k (diacetate)[ 7 T — MMk D — &)

STMIEZ: ENINE X4V, iFEst AP D =iERE0.8 A
BRKER 4.16 x10* nA. &/MNEFRA.46 x102 nA

IKFRImSh =) A R ZEEA

4,16e+004

E/Y—TitE | ® . I

g, dEe+002




O O = sk 2 () 9 i U 49 U

freq.shift {(hz}

7,d49e+001

y {ang}

-1,53e+00%2




[DFTB]K!) 7T —k(triacetate)[ 7 27— 0D — 78]

~ OCOCH,; CH,0COCH, _  STMENHR: FIMNEE4V, Rt LM D fEER1.3 A
Fié E ¢ mAEIM 2.57 x10% nA. &/NEiF7.59 x10 1 nA
+ 0—(:/0COCH3 \CCFC/ \CV
\ (/ \ococm O/ cumnont fosh
C & "
- (|JHZOCOCH3 OCOCH,

KFERImSN =2 ARG EER
E/X—TiE

x {ang}




[DFTB]K!) 7T —k(triacetate)[ 7 27— 0D — 78]

_ OCOCH, CH,OCOCH, JEIRE S T FAFMEEN{Z:
c— ¢ b ¢ | FESHREND KIS E K E170kHz,
[ococn, N\, [/ \ | ESEEMOREIER3A
ek © o ol BRHOTHIEL—2.14x10% Hhvd 7.69x10" Hz

NNy

CH,OCOCH, OCOCH,

freq,shift {(hz}

KFERImSN =2 ARG EER
E/X—TiE




[DFTB])+tz/LA—X(cellulose)[ 7 27— D — ]

STMIE[{&: FIINEE 4V, iFstEH B D REIER0.9 A

OH BRARE 3.64x10* nA. &/INEF5.54 x10" nA
OH
HO 0o
OH 7
OH L

KRS =)V BB EFER
E/Y—TiE




[DFTB])+tz/LA—X(cellulose)[ 7 27— D — ]

B T FAFMIE {:
FEEHR BN D 2L 08 B K $0170kHz,

Bt AP OREIER4A
T oL o BEH#OTHIE -1.86x10° HzAvD 1.00%10° Hz
OH freq.shift (hz)
OH A ‘

KRS =)V BB EFER
E/Y—TiE




[DFTB)RY7tFL > Dconstant height STMYSaL— 3>

/ IaL—FETIL

oy

n

B8t Si,H B8
%4 trans-polyacetylene
A¥yoI)7: 10Ax10A
AEX v E—F:

constant height STM
et — B EERE: 3.5A

.

. .
" e s‘-r's.‘.»

o @

BHARERF M ZRLL:

trans-polyacetylene®€7 JL




[DFTB)RY7tFL > Dconstant height STMYSaL— 3>

IaL—FETIL
a I

)

n

&t SiHRE
#1454 : cis-polyacetylene
A¥yoI)7: 10Ax10A
AEX v E—F:

constant height STM
et — B EERE: 3.5A

BHARRERF M ZRLL:

cis-polyacetylene T JL

/




[DFTB] Si(001)-c(4x2)FRE D STMEERES SaL— 3y

FEE-AHEETIL

£R&t: SiyHg
¥R E: Si(001)-c(4x2)
1ES-SAB M DERE: 2.32 A

STMIEDFHERKR

= -

Inm

., Si(001) ZRE®D b+ ILEFRE

INTADEAIZE->THEDEE
ENREET HIENESNTLNS,

K. Hata, S. Yasuda, and H. Shigekawa,
\ Phys. Rev. B 60, 8164 (1999).

0.02e+5 nA -5.70e+4 nA

INATRAEE +1.0V INAT RAEE -1.0V
NATRIZEHT, BORBES RER




[DFTB] Constant current STM image of Si(001)-c(4x2)

¥#&t: Si,H,
K4 Si(001)-c(@x)fERmERM
Current = 6000 nA

for both calculations

INAFRDNHALEEN/NATR
DIEEIZE->TREET H_ExHBIH
L7=,

-

Constant current STM topography

Occupied state

® 1st layer
2nd layer

i =-0.5V




[DFTB] Constant current E—FIZ&HRuO,(110) FREDSTMERER

Experiment
2 N
1f-cus-Ru

y “ "’ "“"'V.L %
&; J i ™ 2
WA & e

-

.

L%
5
S0A x 50A \

Experimental STM image (constant current mode, taken at RT) of a
stoichiometric RuO,(1 1 0) surface: 50 A x 50 A, U = -0.01 V, | = 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—kFIZ&HRu0,(110) RENDSTMIZal— 3>

D=zl BRETESESS5 AND5.0 AETO.5 AY DEILSEBLH L, /AT RA—FE (+0.01 V), mS—EE—FTHRLONI=H
URIVETRME BOELITIERT—ILICER>TEY ., FHY0.001 nA, FRAHY100.0 nAIZRIET B,

" S | DN 00 0.46 nA
z=7.0A -.-
T wERE—L
Yl
1})&01\ ARERIICTOT S LEMRA . —EDER 0.46 NALTEHIFHETERDT -,
d On Oy,
100 |

E Between O,,'s
— 1
*g 1=0460A | NN
O |
0.01 E
0.001 Y
5 6 7 8 9
T heght 2 one SR ERRIHETES,
Current vs. tip height

Constant currentE—F IS #DFTBYIILN\—IZIRREH N B F FE,



[DFTB] 'S 774+EDCBr,E/LA¥Y—DSTMIZal—ay

Ualb—MIAWESFEE-HHETIL
] / cf. Experiment \
;%%I' SizHg Htmﬁ'l' - Pt/Ir
#1#4: C.Br, monolayer e _
Fix. =X morm B LY a4 : C,Brg monolayer on graphite
constant current STM =
et 2555 A Fi%: constant current STM
¥EEH/NA T R:+2.5Vand -2.5V

Br

Br Br
Br Br

Br

50 A X 50 A, Vgampee = -1.8 V, | = 1.8 nA.
\R. Strohmaier et al., Surface Science 318, L1181-L1185 (1999

HETRERERDT 774 RS Pt/IrD K H Y IZSiHEE Z{F
Constant current E—F X FEF E ., ZZ Tldconstant height STM{&%
FHMABAELT, #EANIE|Z K> Tconstant current STM{EZETE L 1=,




[DFTB] 45774 LDCBryE/L A —Mconstant current STMZaL—3i 3>
Vip = 2.5 VD &, BFREZ LD HEA Teonstant current STMIgZEHHE L 1=,

| =+0.02 nA | =+0.05 nA | =+0.20 nA

5.00 10.00 15.00 20.00 10.00 15.00 20,00
. 20.00

15.00
10,00

1] 5.00 10.00 15.00 20,00
5.00
1]
5.00

5.50
20,00 20.00 20.00
15.00 15.00 15.00
10.00Y Y¥10.00
5.00 5.00

1.00

0 0

1]

1] 5.00
1] 5.00 10.00 15.00 20,00 10.00 15.00 20.00
X

X

O\ ML EREERARSA ESTFO

2 INANETY (I
BREZAETGESEBrIEFMNEFS
ni-.

50 A X 50 A, Vgampe = -1.8 V, 1 = 1.8 nA,
@. Strohmaier et al., Surface Science 318, L1181-L1185 (1994)/




[DFTB] 45774 LDCBryE/L A —Mconstant current STMZaL—3i 3>

Vip = -2.5 VD EE, BRIEZL DM EA Tconstant current STMIgZEHHE L 1=,

| =-0.15 nA | =-0.50 nA | =-2.00 nA

.20
10,00 15.00 . 5.00 10.00 15.00

10.00 15.00 20.00

5.20
20.00 20.00
15.00
Y 10.00Y
5.00
4.00
0

0 5.00
0 5.00 10.00 15.00 20.00
X X

INSRERIEZRAIS RS F

DRANERENT=,
BEREZREGESECEFDIRD
STz,

50 A X 50 A, Vgampe = -1.8 V, 1 = 1.8 nA,
@. Strohmaier et al., Surface Science 318, L1181-L1185 (1994)/




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

*%ﬁ-l- W14
AR KRR ImS47=Si(110)
Fi%:constant current STM

SHFT DMK

BExrBiR

-

/Simulated result

EEH /N4 T X+2.0V.

T/t 2000nA

/

K:f. Experiment

Appl. Phys. Lett. 85, 6254 (2004)
B NLTR-2.0V. Bt 0.3nA

/




[DFTB] Constant current STM image of pentacene
XukdkY . Pentacene on Au(111)MSTM topography{&$ KUdl/dV{E

== == =A = /4= STM-elastic scatterin
A 3B [ 54 = ] g
(b) e V) B B ”-l-ﬁ quantum chemistry (ESQC)
Topography di/dv ESQC 2 FEEZE>Tf-constant

= current topography &,
O E BEHIREESOHLHEERRE
§ 2 — 95,
-4 2

.

S
S E
o 3
T3
v 5
g : D m m
o &
I -
N S
S £
o B
L

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



[DFTB] Constant current STM image of pentacene

/

-

N
Ref. Pentacene on Au(111)

[ Experiment ]
di/dV

—~
(o)
S

HOMO LUMO
(-900mV) (+1300mV)

HOMO-1

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

-~

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

10,0

~

DFTB dI/dV map

st Pentacene molecule.
Without substrate.
Current=5 nA

for all calculations




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

Ref. Pentacene on Au(111)

[ Experiment ] [ Calculation

(b

Topography ESQC

LUMO
(+1300mV) ~—

mni

HOMO-1  HOMO
(-900mV)

(-2500mV) (-1900mV)

HOMO-2

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

J




[DFTB] GaAs(100)#E &z E D R adconstant current STM>2alL—3 3>

PRET:SiH,

¥ :GaAs(100)REmD
RRENLGARF&
5DOKRELEETIL

1R 4t:SiyH,

A $:GaAs(100)RE®D
REEMNSGaARF%
1DBRELZETIL

topograph {an

DZal—ia iER
constant current E—F
EFME:  10,000[nA]
BRENATR: 1.0[V]
&iFH:17.0[A]1x17.0[A]

REEMNOGARFESDOBRETHE. F2EBEHDASEFOMMMNRZS



[DFTB]Au(111)m £ Thcoronenesr FIREEENDSTM ZaL— 3>

Coronenen ¥H LUNalR F D & BE{%

Coronene4y+I(&. Au(111)
Na coroners EIXLTA0° HELTLDE
ERG
CO15[A1




Coronenesn+. Na[RFZ#EE L= :
Au(111)EIFEEICANT STMI2al—i3
DERITIAHET S,

HIR F TSN -SiiE#t EFE R 5,

Bc—FE—KFTHSTMIZalL— FoRIILERE—FEE—FTOSTM
avE{g TIalL—iariEE




Coronenen+. Na[RFZ#EE L= :
Au(111)EIEZEEICANT STMIZaL—2 3 EdERTT5ET 5,
HR FCRIGSNT=-SHEHZFERT 5,

B o R1-K FlHOhoR1=-K
Coronene® ¥ FIZNaJRFMRE X TLY
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[DFTB]Pt(111)3R E M constant current STMSalL—3i3>

¥RET (SiHy) EatF (Pt(111))

EEBRERERS—ELE:

Al —ia iR

constant current E—F

BiRiE: 10000[nA]
EE/ANMT R 1.0[V]

giFE:  23.0[A] X23.0[A]

~

/

-

The structure and corrosion chemistry of bromine on Pt(111)
H. Xu, R. Yuro, I. Harrison
Surface Science 411 (1998) 303-315

EERER

constant current STM

BriE: 1.0[nA]
& B 23.0[A] x23.0[A]

sample bias voltages within =1 V

~

/




[DFTB]Siz @D X fad constant current STM 2oL — 3>

1ZREt: SiHIEEt
o Si(111)-DASHEE
AExvyo 7!
45 A x 30 A
AEXv o E—F:
constant current,
FEE/NATRX: -1.0V
EiF{E: 1000 nA

defect R fadpl

EREREADSIEFDIRITI-ECAHIZ. 2EBBDSIEFOEENERENT-,



[DFTB)ZBAEE M T1JLLITO)Dconstant current STML 2 aL—i 3y

IaL—FETIL

et SiHES
2 #: In,Sn,0, (110)F&k |
AEyx)7:
12Ax 12 A
AxX v E—F;
constant current,
EENATR: +1.0V
ERIE: 10 nA

( X X K K X X X X
LK R XK 1 X K _

K K X X X X X X

xxEDREFEE
BEERITEAMAKF, KERITRAFroI) 7j

x (ang)

SNEFDHHUENZRLEL.
IN[RFDALE X P PESIENT=,



[DFTB)RYTFLTLIEL—KPET)MDconstant current STMS S alb—i3y

IalL—hETIL

(@

P&t SiHiFet
R RUTFLOTLIEL—RPET)
AFroIT)F7: 16 Ax 16 A
Ax > FE—FK: constant current STM
EEINATR: +20V,-20V
ZER{E: 10, 100, 1000 nA

o

Side view

1
_{C" TSN - _{I{" SoDEPDer - _{C"' Rl ST

B NATR: +2.0V




[DFTB)RYTFLTLIEL—KPET)MDconstant current STMS S alb—i3y

AExvo )7

7S

x (ang?




[DFTB)RTFL>F)a—)L(PEG)MDconstant current STMYZ2aL—i3Y

-

A%

IaL—FETIL

1REt: SiHIES

H# . AR)TFL2S)a—)L(PEG)

AXvIT)7: 30Ax20 A

AX > E—F: constant current STM

ZEEINA(TR: 45.0V
EFR{E: 1000 nA

n=7 C1EED S AEE,
X(En=21 GREAEADSEA) DPEGET /L,

J

Y

{ang)

x {ang?



[DFTB] Si(001)-c(4x2)RENIEDHAEN =T DKPFM{E
DI -FHATIEMEME DN M-

LCPD[ ] LCPD v
Tlp height 0.6nm Tip height 0.4nm v
g 0«18 ﬂ 03
i o o Si4H9 tip
° 3 ’° e 30 ) 5 BB 30 impurity
Si(100)c4x2) V
; » . §©§ § §
0.72 - 3
82 10 0.68 [T -
0"&2“5 . /

051015202530 Ub1015202530°

Al in Si(100)c(4x2)

0.28
0.26
024
' |o 0.2z

051015902530 051015902590
P in Si(100)c(4x2) A Masago et al, Phys. Rev. B 82 (2010)195433

AMREDOICENRA T AYPZEF - TNDELEV)AVKREE . KPFMTERLZEEDVIaL—2aY
BR AMPORAMEICRFRT—ILEYLPPREVRRYIAEFENATNS, Tz, AHREDRFICED
ARVPLHER T HENTED,

impL;rity




[DFTB] Si(001)-c(4x2)ZE D EHAENF=-FFYI(NIRF)DKPFME

£REt: H-Si H,,

AR E:
Si(001)-c(4x2)IZ
BREFEF—TLILD

$E&t: H-Si,H,,
¥R E: Si(001)-c(4x2)

Ret-sA B O EERE: 6 A

EZXREF

KPFM BFTiEftELI =2 KPFM ERTiEft B =4 AFM BLE# T2

=ERRFF—THL ZEREREFF—THY Z2RxRFF—THY
ERAN—TFBILT. BRI METIE
BrEMERED [ RFDE T RIELI-BH

YAFTRIZOTRLTNVD, "THONTWD,



[DFTB]TIO,(110)& EMDLCPD&

KPFM% LT, TiO,(110) R E DLCPDIR £ HH

Bt ity
SAERME: Tio,(110)

REt-HBETIL LCPDED L SaL—o g iR



[DFTB] TiO,(110)E MDAFM, KPFM&E &L 2al—iay

PRET: SigH,
- Tio,(110)-(1x1)

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

—
KPFM

‘ | .
it = =
|

L [001]

AFM £R&t+-EA M E D EERES.5 A KPFM $REt-3A H R D EEBE2.5 A



[DFTB] Bk %kS JRAFM{Z . KPEM{E D 5T &5
DFTB WG & OAn: 1P V=V,

e Lbper e SR W d it calculateddcpon 1 npal Yafm e Sreg shiftlcey =

1£&t: SiH,,
SAAFmE: KFRIHLT=Si(001)
1EET-SH BB OIER: 6.5A

Result View

|O:/Usersz’ass/SPM/dftb/calcu lated/cpon03/npal/kpfm_c6/LGFD

PR#&t: SiyHyg
s $ERE: Si(001)-c(4x2)
EEt-SRE DR 6.0A

RADTYITZAT—ZBIELIILEEMEDOKREVEENRELONS,



[DFTB] b RILERG. FORILERARIMILDEHEH
DFTB I*/*)lxse,uu.{%(STM)O)/\:LI/ Pay

1R&t: SiyH, ZDFIDHA—DBELN ?
AR E: KF#ImL 1=5i(001)

FEMKFZ—DIMRS
REt-HAEDEERE: 3.8A

KEARIFTOBREIA LT YL TR
BB ElzEY . BRENKEDIEND NS,

DFTB I*‘/*)lxsa.uux’\QHI/(STS)0):.‘|‘ﬁ

PR&T: SiyH,
X # R ME: Si(001)-3x1:H
EE-SAR B OIERE: 3.4 A

-V 4 B 4R ~ (ddV)I(IIV) vs. V
HEIEEHICX T BIRM OB



