Journal of Surface Analysis Vol.11 No. 3 (2004) pp. 188- 195
BH AA # EE N FAGEHMEICL ST S BIRE T RS T T T TSR

BE
EER N RVBEBEIC LD T AR E T HBIORE -
TIT 47 - EHE

FER KA KW BT, BIR OENY KK #B/E
“HIE AT HFTERERE S~ T TILEFFERR, T305-0047 KR O < AT FE-2-1
PR A WEESER T305-857] FHHEIEO S IFHFLEI-1-1

(200442 11 H 2 A3 - 2004 £ 11 B 18 H Bk

EHE M RVEMHME (STM) 242 Al E T/ BEEREFELY BEHNE LT, RxOI7V—T
DB LI-STM 7/ BIBEIF FIEOBEZ2 RAT 5. B, BHOEBRICLB5STM 7/
WBEABOH LW FERZRN TS, AgiBEHERVD I LICLY, AFYv272d /) Ky b
RF /UL YEFRERC SMDREICAMNT 2N TELZ LER L. KIZ, BT
{CEAS T EICAM L AvTF ) 7 7 A —OSTMIBERIN L (RIBBEICBIT E—EF b
FNVHROABRBRRER THH 27— 0 VAT T —XAOBBANZHOWTHE L. &#IL, BEER
BB TO SI(100)REIZE T 2 2 flF O F HgE R O STM HERRBIEORE RIZ SV THEM L.
Zokai, FLAIRET O HBIBBMELUESTM FER, F/F2 I av—kF AR
EEFETOHIERREE LRI EEZLND.

Fusion of Nanofabrication and Nanocharacterization Using

Scanning Tunneling Microscopy: Active Nano-Characterization

Daisuke Fujita® , Keiko Onishi®, Keisuke Sagisaka® and Taizo Ohgi”
“ Nanomaterials Laboratory (NML), National Institute for Materials Science (NIMS)
1-2-1, Sengen, Tsukuba, Ibaraki, 305-0047 Japan
’ Institute of Physics, University of Tsukuba, 1-1-1 Tennodai, Tsukuba, Ibaraki. 305-8571
“fujita.daisuke@nims.go.jp

(Received: November 2, 2004; Accepted: November 18, 2004)

We have reviewed our recent development of nanofabrication and nanocharacterization technology using
scanning tunneling microscopy (STM). Firstly novel STM nanofabrication method using tip-material transfer is
introduced. Using an Ag coated tip, highly reproducible fabrication of metallic nanodots and nanowires is
demonstrated. Secondly STM manipulation of gold nanoclusters on self-assembled monolayers and observa-
tion of clear Coulomb staircases caused by single electron tunneling effect are introduced. Finally discovery of
STM manipulation of surface phases on Si(100) at low temperatures is introduced. By combining the
nanofabrication and nanocharacterization capabilities, STM can be a powerful tool to explore nanotechnology

and nanoscience tields.
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Fig. 1 Schematic representation of “Scanning is creating” STM
technology, where nanofabrication and nanocharacterization are
merged.
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Fig.2 (a) Probability of Ag nanodot formation on Si(111) at RT. (b)
Dimensions of deposited Ag nanodots. Ag film of ~1000 nm
thickness was coated on a W tip by DC-magnetron sputtering.
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Fig.3 Site-specific tunneling spectroscopy on an Ag nanodot (A),
terrace relatively far from the nanodots (B) and near the nanodots
(C).Inset: 389 nm X 389 nm STM image of Ag nanodots on a
Si(111)-7 X 7 surface. The Ag dots were created by applying
voltage pulses (V;me =50V, 7T, =1 ms) to the Ag/W tip.

Fig.4 STM images of sequential fabrication of Ag nanowire and
nano-characters “4 " and “N” by applying voltage pulses (Vwm =
45V, T, =1 ms)to the Ag/W tip at RT.
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Fig.5 Schematic \representations of tip material transfer mechanism
in UHV from an Ag/W tip to n-Si{111) by applying a voltage
pulse.
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Fig.6 Fabrication process of Au nanoclusters on octanedithiol
SAMs.
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Fig.7 STM image of Au nanoclusters on octanedithiol SAM after
STM manipulation.
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Fig.8 /-V characteristics (Coulomb Staircase) observed on an Au
nanocluster located on octanedithiol SAM at 30 K in UHV using a
LT-STM. Bold line is theoretical fitting.
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Fig.9 Four proposed models for the ground state of Si(100) surface
at low temperatures,
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Fig. 10 STM phase manipulation on n-Si(100) surface at 4.2K. By
bias control operation, we can reversibly change the surface structure
between ¢(4 X 2) and p(2 X 2).
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