=Ry F /s Fa—TEHER:

ST AN bEF /I R—ILRMITEDRFE
Development of Fabricating Method of Nanoscale Pit

with High Aspect Ratio Using Carbon Nanotube Probe
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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.

1. #8

MITEHO B R LORRIC X 0 TR 7 —/ U IR
bOEEFMSTE. EBIT, F /T2 AT ) =428
RENBZRTT / HEEOIERBHFINLTNS. Lare,
FOEBRIZITFHEOFERE, B/ A— b~ +F/ A—F
NONL AR —ADDIET AT I AT e B34 8
TH5. Lo L, O TEHROR THREMIRFIET
HB7F MY TTT7 41, Bl LE=FED ALBRIENIES
T BT AT NI DT & B B & 0 SraET]
BEL Ao TETWAA, 0mmEA FOMITSHELZES 2 ERE
HEREETHD. T, BB ESRTT /s e Tx 3
FEL LTR-FRATAIHIRFRINIBCHEBP1H S
0, MBS SN BRI E 2 5130, TIRPER
BB 5720, SR ofEE SR ORB A EE T
H5H.

—7, EER b RVEEE (STM)? R/ 58
AFMPICRR EN R EER T 0 — 7 RHGECPMIL, EFRsEE
NIBH DD, RERELY BT LNV CHETE 5. &
BIZ, T O OBEEEZRIE Uic ) ) Ry—NVINIERA LN T
WA . FOPFCERPEIC L W B ENZ VT RT iREHE
B STMMN TS, —BEFHEER 21T 5 FARO BRI T >
5, ¥ A—bAOMITVE CRAERZ LoD, kD
AR THA TR 2 R — A OMITFE L LTI S,
%L ODRFFERENRENTWA. LnsL, STIMINLIL, ZD5
BTV TERIFBEREIC 2> TR W NI R S EREHF /
A—PVBEE, EBE L BT/ A— Db LAY b

IRMTHERY LR e (Bmh)
TEMTERYE IR EXER (R
TR EATR S BTARET (B EH)

e RERBLVERT (GRAERAT)

BOMLICEET A O T, &7 A7 MEUMTIER S TH
720,

o T, ZNETOFETILS ) VAT LAEROTCDDERS
FEETAMLIIRETHY, BV IR TEHEXF 5T/
A — ISR A B B T DI - AR EORE
Elpb,

F I TEAMETIL, BFoMEROMBIROEREZFL, b
FNVERUC L DRTFHEADEEFIR UM I FTRE 2
STMUZ, M AEREtE LCHER1~50nmm, £ 1ym AL, 7
AT N~ T A—F YA Xh0BET AT ke
PETAH—RUF ) Fa—T2ANEILICEY, &T A
A7 FHAITIEOBEREIToT-.

FHECIY, BIEOI—RF ) Fo—TEHERVT &
T ARG hoF ) R — VRN TIEORESLEAT D 128, T %
ftE O T REE, bURNVER, TR SMTHE On

TIRE, 7)) OMBZHLMNILE. F2, Zh b6 DRI
L0, ET AR T OISRt Et Uiz,

L RBR A K

21 MIRTA

B A B 112w 4. STMiXiik® SPM (Topo Metrix #1-4,
explorer) (= STM A % %} (Thermo Microscopes #1:84, No.5370 -
00) &4l L, MITREEHIZ v 7' 2T ARGHI I —R )/
Fa2—TEROHF = bOEFERLE.
22 H—R2H/ Fa— DR

H—RoF ) Fa—TEEENE, ¢03mmDE T AT R
%, NaOH /KR CERFEIC L0 iz Rgiu L, B2
WRT LN, BT AT U H—R T ) Fa—T58%
TKRRIZ 14 VOEEZEN LICRIE T, o8iRICIREH iR AR T

33



34

~————— position control ~——— PC

H

__—.—..__..3......._—.___1
feedbackcontrol |

H
H

Tunnel current

e

Tungsten probe

Au thin flm

Fig.1 Schematic diagram of pit febricating

Carbon nanotube

Carbon nanotube
/ dispersion: liquid
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Fig.3 TEM image of muiti-wall carbon nanotube

Fig.4 SEM image of carbon nanotube probe

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

Table i 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 Vand (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: 3 V, fabricating time: 60 s)
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Fig.10 STM images of pit in tunnel current of (2) 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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