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Nano-lithography, the generation of structures with nanometer scale, is very important to
modern science and technology. It supports information technology and permeates our life
and society through its important role in mocroelectronics and optoelectronics. Understanding
how electrons transfer through organic monolayér is essential in several areas, in rationalizing
the electron transfer in biological molecules, exploring the electron transfer mechanism in a
live body, fabricating microelectronic devices and sensors, and developing the novel
molecular electronic device. This thesis is focused on these two intriguing topics in
nanotechnology; SPM-based nano-lithography and electron transfer through organic
monolayers. This thesis consists of four chapters:

Chapter 1 deals with the general introduction and background of this study.

Chapter 2 is devoted to nano-lithography of self-assembled monolayers (SAMs). In this
chapter, a novel nano-lithography technique using a current sensing atomic force microscope
(CSAFM) was proposed. The nano-pattern formation as a function of applied bias, applied
force and concentration® of the trace water in the liquid envifonment was systematically
studied. An electrochemical mechanism of the CSAFM-based nano-lithography was proposed.

The novel nano-lithography technique proposed in this thesis can offer a versatile method not
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only to fabricate nano-patterns on SAM, but also for in situ characterization and further make
fictionalization. Based on this technique, the nanosized alkylthiol SAMs within the nano-
patterns was fabricated. The local electric properties of the well-defined binary nano-SAMs
were characterized in situ by using the CSAFM. The electron transfer through the SAMs
obeyed a tunnelling mechanism. This conclusion’ was supported by theoretical simulation. As .
a typical example of the utility of the nano-SAMs, a principle of multi-digits (multinary) data
storage with ultrahigh storage density was proposed.

In Chapter 4, the electron transfer through organic monolayer directly bonded on n-type
Si (111) was thoroughly “investigated by using the CSAFM. The current increased
exponentially with the bias. Moreover, it decreased exponentially with increasing thé chain
length. From the chain léngth dependence of tﬁe current, a tunnelling coefficient was deduced,
which was in good agreement with the value obtained from SAMs/Au system. The current
also increased by increasing the force. There are several reasons for this increase. Becaﬁse the
alkyl monolayers are soft materials sensitive to the stress, the higher force ;esults in the
magnified contact area and shortened tunnelling distance, leading to higher current. Since the
shape of current-bias relation was changed by force, there must be some other reasons for the
current increase. Thus, other force induced electron transfer mechanism was involved in this
process. In addition, the potential distribution at the semiconductor/monolayer junction was
simulated theoretically. The simulated results agreed with the experimental results very well.

Finally, all studies for this thesis and the future prospects are summarized in Chapter 5.
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EFE. BARREL AR TORSTETESH L CREZOBEERMNEL L O L+ 5H5ER
BRIZITbhTWS, HiZ,. EFRETFOREELREZBBELESTRETF - "M FTRTOER
EEHELLET / A— AR =V OBEEREEE OB & OERES SR EEHY T
bOLEZONTWD, BFEHRIZIOL ) 2BA»CERBHBRFEIEME (Current
sensing atomic force microscope: CSAFM) %AW T, &FMICTEA L7 B CHEBILE S T8
DF )T TV r—varvaryrRECER LZABESTFRBORFTEEERE 21T
>TW3,

. QUERBRREICHER LIZTAILNTA—VEHCHEBILES TR ICKEDO KT
B M UBEERP T CSAFM E#Z2FIB L TEMEMX 5 & 50 nm BREOCEHHETHFN
BRESINDILERLE, SHRMOFI-NGFEFUERT CRROBRIEEZIT) L&
O FBBREIND LRI, BRPOFA—NGFORBENREZDLZ LE2RWE Lfr_o
EHLRADERPEMOYDRELZHEMCHAR, T/ BEOHRIELLFEE CTEDL - & 2R
R, ZTOMBILBHBER L FETT ) A= PVRy—ALOREBEHHE, % RE
DFONRE— VAP ERTEDZLEEEL TS,
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B FBIZOWT CSAFM IZE D XA T AB I IESHI T A H0BKE LT, BFRE
SEBEFIEL, FEBBICOVTHRL TS, Br ORFBEDHRESFEIC-
NTORMARERRICE ST . OBER AN LR R SBOVD® S
MISEAEL LTHENBRTESZ L, BRBTFAEL LCARBESTEH RS
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AR E R EICHE 285 L TR L AESTREICOWT, CSAFM %7/ %
EHR L BT EREEERNECEALELLDTHY . 4B0F ) HEORRBICEE 2 A%
L% S EHRRREE DT TN D, 2RWOBERERIA, VIR bEXCEREICER
BEHTHD,
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