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The surface charge distribution is a very significant property of materials and is often used to investigate
various physical and chemical processes on surfaces. The dipole moment is also key to characterize surface
properties and influence electronic structures and transport in materials. In addition, tunneling current is
employed to investigate the electron density of states. Kelvin probe microscopy is used to obtain work function by
measuring the contact potential difference. Recently, combining the surface analysis techniques has
demonstrated great capabilities in the investigation of physical properties. However, it is very difficult to obtain
surface potential and tunneling current simultaneously using Kelvin probe force microscopy with bias voltage
feedback due to the variable bias voltage. Furthermore, simultaneous measurement of surface potential and
dipole moment is not realized yet at the atomic-scale. It is necessary to develop novel methods for realizing above
simultaneous measurement to widely collect physical information.

Consequently, in this doctoral dissertation my fundamental concern will develop novel measurement techniques
and explore the material surface properties. First, we propose a multi-imaging method for obtaining the
frequency shift, tunneling current and surface potential distribution with atomic resolution. Site-dependence
spectroscopies are performed to give unambiguous interpretations of the origin of the atomic images. The multi
imaging method will become a powerful tool to investigate the semiconductor physical properties. Second, we
derive a theoretical formulation for recording the dipole moment by KPFM and propose a method to
simultaneously record surface potential and dipole moment. It provides access to evaluate the effect of dipole
moment in the surface potential measurement. Finally, we measure the dipole moment induced surface potential.

In chapter 1, research background and importance of the scanning probe microscopy in the surface science and
surface analysis methods are introduced. Problems presented in the application and the demand for the new
method are talked in details. The purpose of the dissertation is ambiguously described.

In chapter 2, we present a brief review of the key topics. At first, we review the theory of AFM, including the
interactions between tip and sample surface, operation modes, stability of the system, dynamics of cantilever and
noise in the system. Then the dynamic scanning tunneling microscopy is explained with the introduction of the
traditional STM. Thirdly, a brief explanation of KPFM with/without bias voltage feedback is given.

In chapter 3, the home-built AFM/KPFM system operated at low temperature under ultra-high vacuum (UHV) is
described in detail. The function of different chamber and how to remove the vibration is explained. The AFM
unit, including sample approach and cantilever oscillation stage is introduced, and deflection detection system
with the high sensitivity is presented. Furthermore, we describe the preparation of the sample and cantilever
used in the measurements.

In chapter 4, a method to measure the frequency shift, tunneling current and local contact potential difference
using AFM/KPFM, is proposed. The method takes advantages of their respective features providing the
complementary information. The tunneling current image reveals rarely observed surface oxygen atoms contrary
to the conventional results where the Ti 3d states were observed. We analyze how the surface and subsurface
defects affect the distribution of the LCPD. In addition, the subsurface defects are observed clearly in the
tunneling current image, in contrast to a topographic image. To clarify the origin of the atomic contrast, we
perform site-dependent spectroscopy as a function of the tip-sample distance.

In chapter 5, first, a method of simultaneously recording local potential difference and dipole moment is
introduced. We derive the theoretical calculation and perform the experiment on the TiO2(110) surface. Second,
we propose a method to measure dipole moment induced local surface potential.

In chapter 6, it summarizes the important experimental results of this thesis. An outlook on future work in

charge transfer measurements by AFM/KPFM is also provided.




B 7
OCEE DR ROEE RO Y

K v ( & P TIS )
(k) K 4

*F & HEH 2 S (V2
4 il iz RA %
A Y "
UREIAE | o i WL

B A& ey Wilson Agerico Difio

gl 7 iz WA B (SR FEIR)
RXBEOREDER

B O EKHEEBHLINRTFE— A > MR T 2 E BN \y<®%ﬁM$L@%EE¢é@bT
HERMMETH D, R, MEREICBW T, KiaE ZOEMKRIEN, i rEicm AT s 2 &
DENHIVTWN D, REEN OZEM DA % @IEE « @0 MiRICiRG T 5720, HEt - REFICEH I HER
PHAEEAZRET 27 ve Y a—7 HEBESH LT\, ZhETOrvEe 7 e —7 1
PREBETIL, BEJANA T AEEZEINL, B - RiEEOFEHEBEIER RN /N D X O ITE A A

AEFEET A — KRNy 7 ZFLHZEICLVIFEST L, 2ok, HEEOREHIX L CTiX, RimEN
WX o THEWANA T ABENELT B2, EEAICES - EHRICHND b2V EREZNET S 2
ENHEETH -T2, T, REOREBEMCHE T — A > MR T HHE®RE DEERIET 2 2 &R
HThol,

RN R SCT, FAver e —7 DEEEEICET 2 REEMBIEICET 2R EHZH O

Thod, KmLllBIT2ERREZENTHEUTOBY TH D,

(1) ERAAT AEBEE 7 4 —RFw 7 LW er7Fa—7 HEaMeEc, b rLVERENET 5
REZIBINTAHZ LIk, —ECEWMAA T AT T, REOREENN EHND b o RIVEDR % [F R
WET D8 LWL RE Lz, EBRIC, T2 o Rm LD LT, £ORIRE KmE.
ko RVERE R R CHETE S 2 &%%ﬁbto$$£ L0, R 7eRmEMNE 7 -
I X YERLIT R O JRy TR -4 B O [R]IRE I GE 23 AT RE & 72 o 72,

(2) BRI OMMGAE— A > b & @EEE - @O MREICHIET 28 LWHIEEZRE L, ZoHiER
ﬁﬁ%%ﬁ®#ﬁﬁﬁ%ﬁ%%wiﬁéﬁEL%OVTW6oﬁMA47X@F%74~FA/ﬁ
LBWTrAer7ra—7 HBEMEIC, SROFEREFERLZRET 2HELZEMT L2 LIk Y,
FHBR, FREBA, WBFE—A L F2HETEH LI Lz, —BbFZ o EmDOE Rk
FERMEE RO & R\ B, M E— A > b &2 R T TR e CRIET 2 2 L ITaE)
L7e F72, B R VEMIK 2 LICE DM FE— A hOIESHEEBET D 2 LICbEksh
L7,

(3) B EOPIRFE— A MEEEMICHIET 272D, B/, T AF F%74—bﬂ/ﬁéﬁé
BLWRT VY VEAMEE AR Lz, ZOFEEZAVWDZ Eicky, R oRERBMNHEITBT S
REER LG E— A NOFEEZEEMCHEENECTCES L)1k oT,

PLEd X Hic, RBMHFERL, FA ey 7o —7 e X 2 RmEN O EKRE - 555 MERE
HIE _%Lfﬁnbt%mf%D\%%%@ﬁ®%ﬁ%f\mm®ﬁf%ﬁ§@ﬁﬁ%%1kb s
WMHEZ R 2RI HE S THE ZANRKEN, Lo TRRIUIE LR E LCESH D D L33
w5,




