et - B E
115 2009 4

=R F ) Fa—T8EETHN
‘7 AT fF ) A= VO LiE DB F
Development of Fabricating Method of Nanoscale Pit with High Aspect
Ratio Using Carbon Nanotube Probe

AR, mARERT
A. Matsumuro” and M. Takagi'

Fabrication of a high aspect ratio nanoelectromechanical systems (NEMs) and nanodevices is an indispensable
challenge as microelectromechanical systems shrink towards the nanoscale. Here, we focus our attention on a
fabrication technique that makes use of the scanning tunneling microscope. Additionally, we tried to establish a
fabricating method for a nanoscale pit with a high aspect ratio by using carbon nanotube (CNT) as the probe. The
nanostructures produced were Au thin films on mica substrates that were prepared by magnetron sputtering. The
results of our experiment show that a threshold value exists for the fabrication of the pits between 1 V and 2 V. The
depth and diameter of the pit increased with the increase in the bias voltage and tunnel current, respectively.
Consequently, a bias voltage of 3 V and tunnel current of 4 nA were found to be the optimum conditions for a high
aspect ratio nanoscale pit fabrication up to 4.5. In changing the fabricating time, depth of the pit increased with the
increase in fabricating time, with a little change in the diameter of the pit. This demonstrates that CNT probes can
be useful for fabricating structures without changing the diameter of nanoscale CNT probe.
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Fig.1 Schematic diagram of pit fabricating
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Fig.2 Schematic diagram of carbon nanotube probe processing

22 H—iF S Fa—T O

H—RoF ) Fa—T78EHE, 603 mm OF TR
T U %, NaOH AKIERH CEFWFEIZ & 0 Jeliia 5
HibL, M2IRT L9, ZU T AT e e —R
V) F 2 — TSR 14 V OBEZEN LkEE
T, SEIRCEESHERAZRT T, BlE EFBAZ ik Y
VERL L7 19, B T —AR T ) F2—71EK 3 O
BEMEFIEMSSETEME TR L1, ERE20 ~ 30
nm, RO DLEH —R T ) F = —7 Bucky USA
8, BU-2000T, BV HFOFEED 300 nm 2L B
HBHLOERANWE. B, IRt Fa—TEHE
INTIZHERT 2720, B I—R T ) Fa—T 08
fR o BB TR C IR A 1T VA TR A TRfR L
7. FOBEONIEEEIL 15KV T, 5 5HREDRN %
To7z. B4 BB LE N et O — Bl 2 E A BB
H(SEM#&IZTRT.

2.8 TP

POMTHIIREH THREEROEHEN Au %
FFA—F—CERRE R O~vA 7 kL, ~7x bnm
VAN BiER VTR L. ISR HEAE 11
Pa, A%y ZEHE 30 mA, RERE 1500 s T, FREE
I B LERE A B IEE 500 nm, SPM 7’1 75 A5 5 3 pm
PO 5 DX L OV Ra #F1E4L 70 nm BL U5
nm GEH L[ B). 2B, ERO~A DITRKUITRS
No5ZEICLDBARSORESMDA L FIR— 9
DNENFSEEND T2, FEERNCERSE 2. Zo
Au B X BETIC X200 ORBE, Mo s

WHERTAR SRS, % 11 5, 2009 4F

4  Tungsten
probe

Fig.5 STM image of Au thin film deposited on mica

Table 1 Fabricating conditions

Bias voltage (V) 1~5
Tunnel current (nA) 1~8
Fabricating time (s) 10~90
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Fig.6 STM images of pit fabricated by (a) tungsten probe
and (b) carbon nanotube probe
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Fig.7 Diameter and depth of pit as a function of bias voltage (tunnel
current: 2 nA, fabricating time: 60 s)
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Fig.8 STM images of pit in bias voltage of (a) 3 V and (b) 5 V (tunnel
current: 2 nA, fabricating time: 60 s)
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Fig.9 Diameter and depth of pit as a function of tunnel current (bias voltage:
3V, fabricating time: 60 s)
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Fig.10 STM images of pit in tunnel current of (a) 4 nA and (b) 8 nA (bias
voltage: 3 V, fabricating time: 60 s)
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Fig.11 Diameter and depth of pit as a function of fabricating time (bias
voltage: 3 V, tunnel current: 4 nA)
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Fig.12 STM images of pit in fabricating time of (a) 10 s and (b) 90 s (bias
voltage: 3 V, tunnel current: 4 nA)
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Fig.13 Aspect ratio of pit as a function of fabricating time (bias voltage: 3 V,

tunnel current: 4 nA)

Fig.14 Schematic diagram of electromigration
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Fig.15 STM images of pit fabricated in (a) primary stage and (b) later stage
(bias voltage: 3 V, tunnel current: 8 nA, fabricating time: 60 s)
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Fig.16 SEM images of CNT probe (a) before fabrication and (b) after
fabrication
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