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WFZER R OMEEE (330) : The purpose of this study was to reveal the formation process of
bonding state between an atom of a sample surface and an atom at the tip apex of atomic
force microscopy (AFM) using our developing bias—voltage non—contact atomic force
microscopy/spectroscopy (bias nc—AFM/S). Towards this purpose we developed a force
sensor with a high sensitivity, improved our electronic control system for the bias
nc—AFM/S, and performed simultaneous measurements with high sensitivities of force,
electric current and energy dissipation between the sample and the nc—AFM tip. Through
this study we concluded that the covalent bond formation between a Si atom and a Si atom

strongly depends on their local electronic density of states (LDOS).

AR TE B
(BHEHAL - 1)
[ERS Y Rt & Bt
2008 4EJE 5, 700, 000 1, 710, 000 7,410, 000
2009 4EJE 4, 400, 000 1, 320, 000 5, 720, 000
2010 4EJ&E 2, 500, 000 750, 000 3, 250, 000
2011 4EJ&E 1, 800, 000 540, 000 2, 340, 000
R

o Et 14, 400, 000 4, 320, 000 18, 720, 000

A A R = =

Pt oo - ME - s v A 7 aRE -

X —U— R EE T — M. (LS

TR TN T AR
. REETERKERE, T Kil - SR, B

1. WFZEBRMEL IO 5 THINEBEICxE T 2 e R 51 D o &b
ZEHEI L. BEEINGEIE TR 5] S K
(v— &)%&MLto#ﬁb% ik, B
S-EREHEEVINEE A2 2 5 (e &kl 7 =
w‘ﬁu%mﬁm /7héﬁékiﬂi%%

%Ef?:i FJEREfmE -8 1 BE%EE  (nc—AFM)
Wb E BH3E U 7= B E N JE 4 A - [
jjﬁﬁf‘ﬁﬂ/ 7E#E (Bias nc-AFM/S) % Hu»



LB ORIEN =RV F—Z BT 7 |k
SHT—HIE, TRIFERDITANLF—%
OB MR- O AL & e O E 1 YE
AZEEFNFIINHIBIEOND Z & 2 R
rFLi-EEZzbND, itfh%%%ﬁwf
Si(111)7x7 Rz al6k & L, HUNEEIC 3
% %IJ‘JWE&#%Jrf;itﬂf'ﬁ%{umﬂlzézl’lﬁ#
HEL-EZA, BERMEE T I & B
MNEIFIZABICHE R LT, ZHUI LSO
%mﬁ%%ﬁﬁ%«*w%%<:t%%w
THRATHD, ZNEDORENRFIEDE
Iz o N o7, ZOHEITIINESRD TN
L7« 0 TR OLFRES ) Lo sl
2T &SNS D, Pauling HREXT-ETF S
FHLFEREAR T NRESE LV ¥ —
DIV E A ZFFo T2 2 JR BT 5
EZOBFHITERTIIFHIIENEZ 5, £
MEFREATHD) i, ZoMas ik
Wi 2 MR B ER D2 HEET D &L %
O OFRMEE T OB 7B A 2RI
HRD EHICm G AF =N~ L 4
576, b OMITALTFREE @< 2 &
2725,

2. WrtoHBY

AWt o HHIX, M AEM% L7 Bias
nc—AFM/S 1k & 3R S, ¥EEF L 3B & MipEiT
STz b B R E Lo RNE T - T
L EEHCmIE - & ORIOREATERR - &1 IRRE
ZHRAOLNTTHZETH D,

e LT, BB TIREEZRSOEED
Ko7 TRy REROS1(111)7x7 /M,
ED LI EDKFEZRA S EEIKEL
PEAb ST AR ST (111) 7x7 i & W
B, BEHIMBIZBR AL TS /B
T — R EE R B AR U ORISR L, =
DY E /KBTI L, X T ) TR R
DB, KEEA TLTFA%%W#éﬁ%
Hefig L, 55T - ETREEZIR A7 —LT
B SRR T 5,

3. WHED STk

(1) Bias nc-AFM/S Z AR L L7-EiE - =%
Jb 3 — WOk S O & RE RIS A 7 A
MG

B b A RS CAER LT, ne-ARM B %
0o BEEAEMRIICIESD, EIINETE %
fRol L, OB oM E/EREI 1. ©
eI D &EiE, @ R /L F—Hk
B, @ b pEREDOHINNERE & Eet—406)
ﬁﬁ% IR B 284 % R TR E
5, BFEBERDY AT LT v 7 LD ER
FHAllc e v 7 A U EEEAN L CRIBEZ
DT,

F/o, HEAT MAT =X (TR RT— X

BLRDI0, RITH Y 7 M &2B%T 5,

(2) BIRRSE T2 Y — D BR%

LN B FREF O R 72 K SR EY T 7]
LU —DEEDS LN, ET k2
TOFMETFELTCWRIEK -~ 27 -
T~ = TR E L Z—TOFE

W2k EEMHANKEC ST, DT
OAFHE O R E K S RE) - 2 v —
@@ﬁ%%iﬁmb ZoRovIT, HERO

YK SEE & T o — L& L TRH
?é

(3) T/ 7 —pREMIC IS < PREHFH R

HAEEZE ARM 2 FH LT, IEgEEk L7z
Si HESHERE A EE ST RIS Y 7 M T EIfEE
ESHEMIE, Z20H% PV L5[E LT D
T LI Lo TSI BEEHLmIC ST Rk B
T—EESED, ZOEERSL T YT
—IZKFETZ T ANERE L, ST T BT —
e & K ER LT 5,

(4) BB O FHEL & E

JRARAKFEEERT D7D EEZE
XY UN—NIZH L TAT T4 TR N
WREL, KEBTAEZMALI-Z T AT 7
4 T A Nal U CREBHC RS L, 3k Em
WCKFBEZWAE S D,

AEHEHIE Si (D) 205, TLHMED
JEFIRKFE Z 300 BEISNEA L 7= Si(111) 7x7
FEICHBE L, —#OT7 F7 FAKRL A B
7 AEKFETHEIET D,

KD JFTETIREDORLR DR ETO
PREHABIRI OFE EAER ), B, =¥ —
Ok 2 R CRIREEHAI L, BREHEIRIR 1 &
DO OFEETERK & B 1-IRIEDBIfR 2 B & 2
295,

4. WHIERCR

(1) Bias nc-AFM/S Z AL L7-EiE - =%
Jb 3 — WO S O E E R R S A 7 A
HEEL

O EAEH T, @FEF. @R/ X—Hk,
@ b > R IVBREE DA R AR I 1AL ne—-AFM
BTkt LT 256, 512, 1024 A HBIR X
5, @mEW%ﬁﬂmlfﬁﬁ#%ﬁ%%
TRy &5l & BB BEEES | TSy
%?é/7b¢:7%%%bto%ﬁiﬁﬁ
O FHAINL I & F 1 O 2 WO EHIPE ISR S,
FHHEN 2=y MIT — X 2EH S DR
BrY 7 hEfEE LT,

(2) BREE )1 o — DB

X 1 (a) 123 i AR O 35 XADOK LR E) 1 D
7 7xEHELT, bHr)—FhFoTar s
IZ Ptlr AT v F o7 L Thema it L



IS EEE L OBV —LLE (¥
1. (b)),

NIERZF v LT HRIEEZEAL, &
SHNCHIE LT 2 IR LR 2 1587,
R E WX 30, 900Hz, Q filiE 3000 F&E T
»HD,

(a)

X1. (a) %?jSliﬂiﬂKrﬁé
TEE 1~ (b)) BEE %2

B L 72 K IR B 7
e
25 . .
—=— Amplitude 1 e 20
! 145 o
= ~
= ° &
a2 1 =
£ &,
0.5 1-45

O S -90
30700 30800 30900 31000 31100
Frequency[Hz]

X 2. KELIRE) 1) ot — D IR RR R

)T/ T —mEHMIC I < et
PREF A DA 7 ABIE, HEBRE R L
ZHIELC, EHTRER Si ST
AT DM AN LTz, BmEZE ARM
F ¥ L R—=NTSi 7/ BT —ESE%,
KEAFICERYVH L, hrFL—%#-T
TEM F % o N—IZEAL, 7/ BT =50
B REE TEM B 21T o 72, T/ BT — 3k
#t> Si[001] #h F7 7
WCHASEREE LT
Do
FitoSiFoes
—REHTKFT N
V% RE L CHREHE
i TR AN/ BN/ AN
v R ARG LT,

X3.SiF /57—
PEET D TEM &
(4) FEOFH Y & ) E
B DR IRAKSEZ 300 FERREITMEVL 72
Si(111)7x7 FHHERKREICRFN T L, ¥ 7
Vo TRy REFF>T7 K7 v, VART b
DIWETDHZ ENHMLN TS, 7 KT b
DIZKRBZPRET D E. 7T RT N ADRFTE
F-IRHEZE FE (LODS) YEALIF-0. 2 eV 22 5-1. 2 eV
W27 b L, VA RT BAIZKERKET D
EBEEET AT KT M A® LODS [E U RkL
F—YEN TRITIE KT D,

K4 lZEOKFZEZWNE SH
Si(111)7x7 FiH D ne—AFM 8 & [EIFEEHR S U

7o b rovERBERT, Ko [A] O
EBE L1 >Oa—F—7 K7 hAad 2D
DELHE—T KT NP ERGICE < B
fLENTWD, TNEDFEF ETIE, R
BHEEEBES AR XIS BEIL TV D 23, h b
ERIIMOT R7 b A ERBERERL TS,
ThRbbZD3oDT R7 b &b
BB < FEADDBIEF IR, £2, b
FNALHTHE AL RENWEF R D, WK
et Ab¥TEZLDLE, ZD3OOT KT

RLADOHFRIZHBH LA T FLITKENRK
EL. 3OO LET R7 FADREER R
DHIM L 7272912, Si-Si JFRERES . b
NE V=0 I S & 5 N DY -3
Hivsd, XF o Bl OfEEIEL, &b %< Bl
XNfzadF—raraERL, JRTFIRKER
FEEEOT LD T D END . KEBR
HELTWARWT RT hATHDIEEZLN
By BIMNa—F—7 K7 FAaRk ¥ —
T RT7 PRIV bELSBIEINDIDIL, a—
F—7 K7 LD NEFDOENSZ N
LEZONS, P o[C]DfEEIL. nc—AFM
%, FrxoVERBRICEKL BRI, #
SHABHE RIS 22> CWD Y, h b
EIRAMLE D DN LD KENERAE
LTWAT RT7 hATHDHEEZDBND, K
FNWAE LT BT b 2L Si-Si B+ MfEa
Hb5< b, MPoD]IOHEKIX, 7 K7
FARKELTWD,

LEDZ vt 2k, hrxrrassxy
BRI RATEFREEEICKF LTV D
T ERMBN TV, Si-Si Rt E
FEENL. RETEIREBEICEKFEL T
WL Z EEB LM LT,

F 7o, KENWIE UT-RE A2 O ClREE
DOFREZ JE LT hb R, WAEKFERF & Si
X7 7R REINS S 59V EE A 1720
T EEZHABMMT LT, @ OKEEAIL.
BREEENESWILE EfEE L, DT
7T A LT KSR AL ) & D
DFEETHDHMN, vV ar bfEs LizkE
LAY TRy RRIZHIWEEA 7
DM LHEE ST,

I, bINT T A, b~ A
T AN LI KRB RN ZKRFERE &

4 .(2)H-Si(111)7x7 £ ® nc-AFM 4.
O)EFRFEHI N7 b o R VERE.
ERHEPH : 7x7nm2, Af=-46 Hz,

AT AFEE : -600 mV



EBEZONDREEIDBEI T,
AL, KEFREBITHOWT, X0 2B R
MrEadT o,

5. E7pFEIGmCE
(WFFEREA . WHFE0 B3 e ORI 2 12
(ES )

UEsEsms) (B 1h)

@ Jeong, Y.K., Arai, T. GEFH 9 ANF TE
H), Tomitori, M. CE# 9 AT 9&KH),
Local interaction imaging by SiGe
quantum dot probe, Current Appl. Phys.,
A, 12, 2012, 581-584

DOT:10. 1016/ j. cap. 2011. 09. 005

@ Arai, T., Gritschneder, S.,
Re1ch11ng, M., Atomic resolution force
microscopy imaging on a strongly ionic
surface with differently
functionalized tip, J. Vac. Sci.
Technol. B, A&FHif, 28, 2010, 1279-1283

DOT:10.1116/1. 3511505

® Nishimura, T., Itabashi,
A., Murata, H., Arai, T., Tomitori, M.,
Adsorption State of 4,4’
—Diamino—p—terphenyl through an Amino
Group Bound to Si(111)-7x7 Surface
Examined by X-ray Photoelectron
Spectroscopy and Scanning Tunneling
Microscopy, J. Phys. Chem. C, &FiA,
114, 2010,11109-11114

DOT:10. 1021/ jp102976a

@ Ansari, Z.A., Arai, T., Tomitori, M.,
Low—flux elucidation of initial growth
of Ge clusters deposited on Si (111)-7x7
observed by scanning tunneling
microscopy, Phys. Rev. B, &#if,
2009, 033302-1-033302—4

DOT:10. 1103/PhysRevB. 79. 033302

® B EEZ, 3t 81, EATe—
T UEMRERIZ A 2 BIEFIIN O 2 J1 I
HAEM, RERT, &HAE, 29, 2008,
239-245

DOT:10. 1380/ jsssj. 29. 239

¥R G b2 1)

@O Arai, T., Ishikawa, T., Ikeshima, T.,
Tomitori, M., Non—contact AFM
observation of Si(111)-(7X7)
terminated with hydrogen, The 6th
International Symposium on Surface
Science (ISSS6), 2011.12.12, ¥ U—ik
— /U idE CROCET)

@ Arai, T., Ikeshima, T., Zhang, Y.,
Tomitori, M., NC-AFM and Force
spectroscopy applied to H terminated
Si(111)7x7, 14th International

Troger, L.,

A., Sasahara,

Conferencence on Noncontact Atomic
Force Microscopy (ncAFM2011),
2011. 09. 19, Lindau(Germany)

@ VER @, AE EsE R o Ak B

T, BEREE, # Ry A A

Lt T 3 ARG T ORUE L FE
filh, B AR s A e - B SRR TR
23, 2010. 11. 19, &R K CAJIE)

@ Arai, T., Ikeshima, T., Kiyohara, K.,
Tomitori, M., Nanoscale analysis by
combined spectroscopies based on
non—contact atomic force microscopy
under a bias voltage, 13th
International Conferencence on
Noncontact Atomic Force
Microscopy (ncAFM2010),
JIRST B 585 (Ca)11BR)

® Arai, T., Kiyohara, K., Sato, T.
Tomitori, M., Surface electron
spectroscopy based on nc—AFM with
changing bias voltage at closer
tip—sample separations, 10th
International Conference on Atomically
Controlled Surfaces, Interfaces and
Nanostructures (ACSIN10), 2009. 9. 22
Granada Conference Centre (Spain)

® Arai, T., Kiyohara, K., Sato, T.
Kushida, S., Tomitori, M., From
non—contact to atomic scale contact
between a Si tip and a Si surface
analyzed using an nc—AFM and nc—AFS
based instrument, 12th international
conference on noncontact atomic force

2010.08.02, A

microscopy (ncAFM2009), 2009. 8. 11,
Yale Univ. (USA)
@ Arai, T., Kiyohara, K., Kushida, S.

Tomitori, M., Current—Voltage
Characteristics with Staircases of a Si
Point Contact between a Si Tip and a Si
Substrate, International Conference on
Nanoscience + Technology (ICN+T 2008),
2008. 7. 20, Keystone (USA)

Arai, T., Kushida, S., Kiyohara, K.,
Tomitori, M., Surface electron
spectroscopy based on nc—AFM with
changing bias voltage, 11th
international conference on noncontact
atomic force microscopy (ncAFM2008),
2008. 9. 16, Hotel Rafael Atocha, Madrid
(Spain)

(M) GF11)

OFFHEF (O HEEE), HATHRR EET m
— 7 M- IE LW E T — X T DT
DI R Z L—) (BiERE « BIIHE,
ERHEG . ATHEER) REIEARSE 10 = [IERE
fift ARM D3& ) , 2009 4F, pp. 357-363



(£ PEME )

ORI G2 1)

LR RV a = T RO, g
N7 B ER

U BEUEE., B, PO
MR - dbBdeim Bl # A R PR
FEEE « Rrer

e FFRTER 4644821 7
BASEA R 2010412 H 17 A
EWNs DR EHAN

£ %5 : Positioning mechanism and microscope
with the same

HAE  BEOEE., FHETF. POAHE
HERIZE - Abkedeinfl P8 KRB R s
FE¥E : US patent

Fr 2 US 7,672,048 B2
BA4EA H : 201043 A 2 H

ENA O] [FSh (USA)

(& DA
AR b= U
http://nanophys. w3. kanazawa—u. ac. jp/

6. WFFEHRK

(1) Wrgefks

FH EF (ARAI  TOYOKO)
BIRKT: - BRI 7% - Bz
9835 20250235

Q) T oy
ML

(3) EEEHF TR

BHL 1FZZ (TOMITORT  MASAHIKO)
bR AN K EBE R« ~T U T v
YA T AWFGER - Hif%

9% 5« 10188790

AFHE  #sE (MURATA  HIDEYUKI)
kel I KRR - ~7 U T L
WA AWFGER - B

WFgeE 35« 10345663




