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This dissertation is an accumulation of three different researches centered on electron transport in
several designed systems. The systems were constructed on the basis of experimentally examined situations. In
the first two researches, electron tunneling from a scanning tunneling microscope (STM) tip through molecules
held on a surface was modeled. In the first case, the interaction on electrons was taken into account while in the
second case structural distribution of molecules was scrutinized. Instead of surfaces, the third research focused
on the transport through interfaces of the metal/metal oxide/ metal structure.

At first, the electron transport through the melamine molecule was studied. Melamine molecules
adsorbed on a Cu (100) surface were investigated by the density functional theory (DFT) calculations with the
dynamical matrix method. On the basis of calculation results, a model Hamiltonian for a system composed of
STM, a melamine molecule, and a Cu surface was proposed, taking into account electron-vibron
(electron-molecular vibrations) interactions within the melamine molecule. Then, the electronic current was
formulated by the nonequilibrium Green’s function (NEGF) method. Results show that current is affected by the
electron-vibron interactions defined in the melamine molecule through its controllable structural changes. The
rectification and fluctuation of current are triggered by low-energy electron-vibron interactions. Furthermore,
the electron-vibron interaction effect is found to be enhanced as temperature increases to where higher-energy
vibrons begin to be excited at lower energies. However, current becomes uniform at higher temperatures, which
shows an undesired sensitivity. The weakening of the electron-vibron interaction of the out-of-molecular-plane
vibrational motion can transfer the melamine molecule in its tautomerization state into a current rectifier. The
reduction or induction of the repulsion of lone pairs of consecutive N atoms causes the induction or reduction of
the low-energy in-plane vibrational motion, which in turn causes the switching of the 7-Vcharacteristics between

less stable melamine tautomers.

Secondly, structures of deuterium (D) adsorbed on germanium (001) surface were studied by the DFT
calculations and by the STM. Two structures of dihydride adsorption were identified on the Ge (001) surface by
STM measurements and confirmed by DFT calculated topographies. Also, differences in structural stabilities
were explained based on binding strength differences with Ge and on hybridization effect of the s-orbital of D
with the Ge p states. The excitation mode of 0.18 eV observed in the STM dJ//dV spectrum was found to
correspond to the DFT calculated D-Ge stretching vibration mode of 0.17 eV.

Finally, oxygen vacancy effect on the electronic state of Pt/NiO/Pt capacitor-like system is theoretically
investigated by DFT-based first-principles calculations. The potential energy profile for electrons at the interface
between Pt and NiO is found to play a major role on the transport properties alternations where conduction path
begin to construct. Oxygen vacancies effect is summarized in the induction of a spatially localized spin-polarized
state near the Fermi level of the surrounding Ni ions. Also, electron transport through O vacancy filaments
(conduction paths) is via s-orbital sub-bands. We have found that the absence or presence of a vacancy near the
interface at the edges of the vacancy filament causes a conductance jump from ~ 0 to le?/h respectively which

corresponds to clearly observable switching.
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BT ) TAA ZAORE - ARICB VT, RE - AER TOETHEFELMROABRA» CEMET 5 2 L I3HFT
WERTHD, TZTAMITH, $REHELETHRCET2ERARLERA L. HAMERTOBETHEN
HEOMAZENE LTWD, ZOo0EME K4 2 ERELZELHMEE) DHER I 2HIEICHEE L, PREROR~
REHENERCEFEICEX 2 EBICEL TH—NRBEREEEL TS, FICHHER:E LT, HFRBZEZE
L7=A T 22/cu(001) 5%, REME L REREIZEE L7 Ge(001) EOEKFK, RUBMBRBADLERZ B L7 Nio i
BEICEB LTS, ARICBT2ERRELZENT L LUTOBY Tho,

(1) Cu(00D)EREFLED AT I U HF 2N L EFEHE :

EERBSER OFD ICES < E—REAELEA L. Cu00) RELICRAE LIcA T I ORFREEA LML
TW5, iz, B~ MY v 7 RERESE, EF - HFREOBEEEREELRLTND, EBIT, ATIVHFENL
THEE b FVETEHE ST HELL Cu(00) READEICHNS b RNVERE . FFES ) —BEEICESEE
KL TWD, TORKR, A7 I OBEE(ICHEY, BF - 2 FREBEEAZN LT N RVEBRBERT S Z
LERLTVS, BIEZIAF—EROET - HFRBBEEEAICLY . PR VERORE L ERERMEMANG &
BIENBZE2RELTVWS, ZhiE, EEESEPNRBIZZ LICEY, RABEFRAOS FRENVEET2ET -
SFIREFEEERANNEL 252, ROATZIVFO N RFIMNLEFHEOMBEERANENT 272 ORE AT
DY FIRBEENENTEOTHHILEZRLTNVS, £, EF - A FIRBHEERAORERFELRTRY,
SREK TR AN F—OE VS FRESHE ShLT < R5), BF - S FRBHBEEAMEESND Z L bH
LEMIZLTNS,

(2) Ge(001) EDEAFEN LIZBETFHE
Ge (001) KE ENEAROWIAFIRELZFA SN LTS, KFIT Ge (001) RMEIZI VT, EARRFD s BEF & Ge Dp
EFORBIEADOERL S BEOEKEZBAEREMENFET 52 L &, SIMERE DFT ICE S E—REFHEND
ALNICLTNS, £, SMERICEVEONLMY I F 7 2 AFICBBI SN TN 0.17 eV ORI E— K23,
EKFEGCe MEIREIT— FTHEZ L2 F—REHBEOBRENLRL TS,

(3) Pt/NiO/Pt {351 % Ni0 NOBER KB E A L= BT :
DFT |25 < H—FEEH 2 EA L, BIRHEE Pt/Ni0/Pt OB TFIRIBIZIIT 2 Ni0 POEBEXRBOKELHA LML
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TW3, BICBEXRBIEETH I LICLY, Nio/Pt FENSEBHRETFREICELTIZ LZ2RLTND, JOBR
FRREBOFEIL, Ferni EALEHEICA CURBEFRENERINI DO THE L EHALMPILTND, ik, BE
KIET 4T A b Pt BEBEZERLIZHA. s EFDOHRENDZI YT AV FENLTEFRENIEI Y EE 2L
RBZEEFRHLTVWG, ZORRICLY, BERBT 4T AV &Pt BEBERAEEIFETOBRRREOFEIILY ., &
WREMNO & 1eV/hBTEEL, ALy FELTHATEDZEERLTVS,

AR TRE SN ETFT ULOBMAARIE, AV 23y 7 E@RICB T 2EFRXCETIMELRRT 2 HiEmE
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IRIAXF—FNAAL ADEREDHRDCBELEL STV A EFERICEALTCLERETHY . IRAYEZE, FiIchiE
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