JAIST Repository

https://dspace.jaist.ac.jp/

iUy UUg o

Title 000

Author(s) oo, 0OO0; 00, OO

Citation googd, 29(4) : 239-245
Issue Date 2008

Type Journal Article

Text version

publ i sher

URL http:/7/7 hdl handle.net/ 10119/ 7939
e Copyright (C) 2008 0O0O0OO0OOOp. OODOOOO
. oo, oooog, 29(4), 2008, 23p-245.
Description

AIST

JAPAN
ADVANCED INSTITUTE OF
. SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



HE‘EN

KR Vol. 29, No. 4, pp. 239-245, 2008
Fid TRMAT D F 7 )%

ERER O JIREMERICH D EEEMO
>/ hENHEEEH

WO B BT

HeBede Bl A R bk ~F U T4 TV AR @ 923-1292  A)IERBEETTES 1-1
EIRKFR B ARFLEWIZERE & 920-1192 A 14 R0T £ R
BB R BURAE SORST & 332-0012 ¥ Wi AN 4-1-8

(2008 4E 1 H 22 Hz#)

Nanomechanical Interaction between a Tip and a Sample with Changing
Bias Voltage Observed by Using Scanning Probe Microscopy

Masahiko Tomrrori' and Toyoko ARrar™*

'School of Materials Science, Japan Advanced Institute of Science and Technology, 1-1 Asahidai, Nomi, Ishikawa 923-1292
*Natural Science and Technology, Kanazawa University, Kakuma-machi, Kanazawa, Ishikawa 920-1192
*SORST Japan Science and Technology Agency, 4-1-8 Honcho, Kawaguchi, Saitama 332-0012

(Received January 22, 2008)

A novel surface spectroscopic method referred to itself as noncontact atomic force spectroscopy (nc-AFS) is
presented, which is based on noncontact atomic force microscopy (nc-AFM) and scanning tunneling spectroscopy (STS)
of the family of scanning probe microscopy (SPM). The interaction force and current are measured with sweeping bias
voltage between a tip and a sample at a close tip-sample separation, and analyzed in terms of surface spectroscopy. The
spectra obtained by the nc-AFS indicate that the resonance states, i. e., covalent bonding, between a Si tip and a Si
sample can be formed by tuning the bias voltage, corresponding to the relative shift of energy levels of tip states and
sample states. Moreover, the nc-AFS combined with current measurement exhibits potential of evaluating the collapse of
tunneling barrier and analyzing the correlation between force interaction and electron conductance between two pieces of
condensed matter in proximity.
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Fig. 1. (color online). Schematic diagram of noncontact
atomic force spectroscopy (nc-AFS) with changing
bias voltage.
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Si wafer at 600°C

Fig. 2. (color online). Single crystal Si nanopillar growth
using a UHV-AFM setup. After bringing the Si tip
gently in touch with a heated Si substrate, we retract

it slowly in a well-controlled manner.
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Fig. 3. nc-AFM image of Si(111)-7X7 at a sample bias
voltage of —0.5 V. Scanning area : about 12 nm X 12
nm.
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(color online). Typical examples of nc-AFS spectra
over Si(111)-7 X 7. Upper row shows spectra over a
Si adatom, and lower over no Si surface atoms, i.e.,
no Si adatoms neither Si rest atoms.
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Fig. 5. (color online). (a) Change of nc-AFM spectra over a
Si adatom with decreasing tip-sample closest
separation from 1.5, 0.43, 0.33 to 0.30 nm. (b)
Surface plots of — Af versus sample bias voltage and
tip-sample closest separation.
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Fig. 6. Simultaneous measurements of — Af with average current
versus sample bias voltage at tip-sample separations of (a)
0.9, (b) 0.5 and (c) 0.4 nm, respectively. Upper row shows
over a Si adatom, and lower over no Si surface atoms.
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(a)

Sample
n-Si(111)7x7

Tip
p-Si(001)-c(4x2)

Vacuum gap

(b) Tip approaching (_E (¢) Shift of bias voltage
i

N

N

Fig. 7.

Energy diagram of a sample of n-Si(111)-7 X7 and a
tip of p-Si(001)-c(4 X 2) in a proximity. (a) At a wide
separation at 0 V. (b) Tip approaching at 0 V. (c)
Shift of bias voltage tuning of the sample states to the
tip states, resulting in resonance states.
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