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Abstract

Efficient and reliable measuring techniques are important prerequists in scientific
discoveries, those techniques down to nanometer even single-molecule scale are direct
characterization means to single-molecular materials and devices, which provide vital
experimental evidences for mateials and devices designing. Nowadays, single-molecule
electrical measuring techniques offer opportunities as Molecular Electronics to meet
the demands of the miniaturization of the traditional silicon based microelectronics, and
als focuses on the intrinsic physical and chemical properties of materials in single-
molecule scale. However, reliable, efficient and highly sensitive single-molecule
electrical measuring techniques and the corresponding scientific instrument haven’t
been fully realized, the combined characterization method to fully comprehend the
relationship between junction structure and charge transport is still under developed.
Besides, the relatively expensive and complicated instruments and methods heighten
the threshold for wider application. Based on those above, reliable molecular junction
fabrication and characterization methods are urgently needed for better promoting
molecular electronics and single-molecule science.

After a thorough survey and comparison of former results, we considered that the
Mechanically Controllable Break Junction (MCBJ) method has great advantages in
molecular electronics. Therefore, this thesis adopted MCBJ method by
methodologically applying multiple means to design and prepare different types of
MCBJ chips and their corresponding setups for different purposes, then fabricated
different kinds of molecular junction and characterized them by electronic and
spectroscopic methods. Detailed research contents and main accomplishments are
shown as follows:

1. We developed a novel and cheap method combined electrochemical deposition

MCBJ method (EC-MCBJ). We used micro-fabrication to prepare suspended

micro-scale electrode pair first, then connected the pair by chronopotentiometric

electrodeposition with nano-scale constriction. The microchips were then used for
I1I



fabricating metal atomic point contacts and molecular junctions. By changing
electrolyte solution flexibly, we succeeded to make Au, Ni and Cu atomic point
contacts and observed the corresponding quantum conductances. Then we were
successful to measure several target molecular conductance and /I-V property by
gold electrodes, such as BDT, Ruthenium molecular wire and DMAB.

Adopting low-cost suspended notched gold wire on spring steel plate, we used
notched-wire MCBJ method. From methodological view, we proposed a
panoramic scanning method for single molecular conductance measurement to get
fully conductance evolution without the influence of snap-back effect, by focusing
the different opening and closing processes when molecular junction broke and
formed, and realized the soft-contact mode measurement by MCBJ. We fully
obtained the conductance evolution as the electrodes gap changes of OAE series
with different length, and investigated the competitive contribution between direct
tunneling and through molecular tunneling, then used o, w-alkanedithiol molecule
to evaluate and predict this mutual contribution. For the first time, we obtained
clear cloud of conductance plateau of BDT junction in 2D conductance-distance
histogram, and observed multiple conductance features. For the first time, we
measured the conductance of the phenothiazine centered derivative molecule and
its conductance responses after acidification then alkalization.

Using nano-lithographic MCBJ method by electron-beam lithography (EBL), we
succeeded in aligning suspended nanobridge on pre-fabricated micro-scale
electrodes pair to gained more stable nanogaps, and made throughly structural
mechanical simulation and analysis, proposed a new chip fixation scenario and
equation of reduction ratio. Then we were able to fabricate and measure PDI
molecular junction and its surface-enhanced Raman signal, and investigated the
position, polarization and bias dependent SERS.

We proposed the tip-bead MCBJ method by using electrochemically etched gold

tip and annealed gold bead, and succeeded in fabricating gold atomic point contact

v



and PDI molecular junction. At the same time, we measured the PDI conductance
and the combined SERS signal.

5. At last, a MCBJ-SERS combined characterization system which is capable under
ultra-high vacuum and cryogenic condition has been designed and made. This
instrument is named as UHV/LT-MCBJ-SERS system, and it provides an advanced
platform for molecular electronics to minimized the influence of measuring
environment for better characterization. The UHV and low temperature

environment has been obtained preliminarily.

Keywords: Molecular Electronics; MCBJ; Molecular  junction; Molecular
Conductance; Mirco/Nano-fabrication; Electrochemistry; SERS; Combined instrument

development.
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