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Manufacturing of Single-wall Carbon Nanotube Probe and Fabrication of
Highly Oriented Pyrolytic Graphite

WERC, EAR, AmEs, ok, e et
MatsumuroT, M. TakagiT, H. Iwata”, A. Matsumoto' fand H. Mano'

We developed a fabrication method for high-aspect-ratio nanoscale pits 60 nm in diameter by using a multi-wall
carbon nanotube (MWNT) as a scanning tunneling microscope probe. We used a single-wall carbon nanotube
(SWNT) to fabricate a pit whose diameter is in the single nanometers. We investigated the application the
pull-method to SWNT probe manufacturing, under various manufacturing conditions. In addition, we investigated
the relationship between the diameter of carbon nanotube (CNT) and fabricated pit in order to determine the diameter
of a pit fabricated using a SWNT probe of the minimum diameter. The nanoscale pits were produced in highly
oriented pyrolytic graphite. SWNT probes were synthesized using a mixed dispersion liquid with both MWNT and
SWNT. SWNTs were attached to the apex of the MWNT in this process. The success rate for synthesis was about
17 %. CNT probes 7, 10 and 40 nm in diameter used under the conditions of a bias voltage of 4 V, tunnel current of 1
nA and fabrication time of 180 s, yielded fabricated pits with the respective diameters of 9, 14 and 45 nm. From the
results, it is thought that a fabricated pit is 2 nm greater in diameter than the CNT that fabricates it. If a SWNT that is
0.4 nm in diameter, the minimum diameter, is used in this fabrication method, the diameter of the fabricated pit is
expected to be 2.4 nm. This demonstrates that STM fabrication using CNT probes can be useful in fabricating single
nanoscale structures by controlling the diameter of the CNT.
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Table 1 Experimental conditions for SWNT probe manufacturing

Kind of solvent Isopropy] alcohol
MWNT concentration (mg/ml) 0.05~0.1
SWNT concentration (mg/ml) 0.0025 ~ 0.05

Bias voltage (V) 14,28

Pulling rate (um/s) 14

STM Ik D EER 7 v — 7 B #E(Topo Metrix -
il Explorer)iZ STM A % ¥ F(Thermo Microscopes #t
i, No.5370-00) % #fi L7=bDEFEHA L. ZOAF ¥
FTOEER I OKEFRAORESFRIEIL, ThZFh 0.1
nmm BLPO05nm THD.

2.2 ONT #Zgfop fE#

T -BEMEEEI L 70D CNT #EHE, 31 & RiFE¥ETE
W7z, Bl&E EgkiE, EEMEERICHET L7z CNT 4k
WITWERSH el & Bl S B2 RAEC, W BREt—EARRI
BEAC 14~28 V)ZFIINL, WIS 2 EHE O E CRE
W25 & EiF, ONT SHR#EHE(ERT 2 FETHD. AT
AW CNT 1%, E# 10~40 nm DLW HA O O
MWNT(Bucky USA 8, BU-200), 3L UEE 1~5 nm
OSSR O O SWNTMTR +£) TH 5. k7=, W ZEH
#5500 nm LR 2>2B & M 60°LL T OfE < O %
HTHbDEHAWE. 708, SWNT R0 /ERIE, SWNT
DI ZEH L4580k & MWNT EREA L4k z v
TR ZOEREFERTITRT.

fERL L 7= CNT #R&HE, W #$t & CNT OBy E
TR COREBEFEWBLITVEARELHRE L. Z0R,
MEEBLZ 10 KVRBIVOZI v s VERIOPA L, 5
SEREDORE % 3 EfT- 7.

2.3 MWMTa#

MITEBHC ISR MRS 77 7 7 4 h(Highly Oriented
Pyrolytic Graphite: 2L T HOPG, Advanced Ceramics
Corporation (IH Union Carbide)$, Grade-ZYH)Z% iV 7-.
ZOHE, KEFCTEZE L STM BIENTRETH Y, BT
LAV TCEEREEH T 510 THD. I HIZ, FEdEhAE»
Fum L KE L, BUNROBRBIEICET 5. 72, REME
I, BR, BT, B\ (LFE AN FBIOER LAV
FETHASN TS, Zofzd, CNT 8tz V72 STM
IMTOEREERFNT 2 ETYH, FESRRENTIHECcH 5.
728, HOPG i, KRRUBSID T LI X BKG O E0M
DIFENDFEPESEIND T2, STM BlZ2R XL UL OERT
IZA~ZBILC, IEEE L.

2.4 JTRHS L NTIIKDIHEE

ITIIREE, =i, BE50~60 %DH & Cfrof. TR
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ok VERE1nA L LTz

Table 2 Experimental conditions for Pit fabrication

Bias voltage (V) 1~5

Tunnel current (nA) 1

Fabrication time (s)

Fig.1 SEM image of SWNT probe manufactured at SWNT
concentration of 0.005 mg/mL, bias voltage of 14 V and
pulling rate of 14 pm/s
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Fig.2 SEM image of SWNT that adhered to the surface of W probe
apex

Fig.3 Schematic diagrams of relation between SWNT and STM
probe: (a) probe with a dull point and (b) sharp probe

(a)

Fig.4 SEM images of SWNT-MWNT probe manufactured at SWNT
concentration of 0.005 mg/mL , MWNT concentration of 0.05
mg/mL, bias voltage of 28 V and pulling rate of 14 um/s: (a)
low magnification and (b) higher magnification
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Fig.5 Schematic diagram of manufacturing process of SWNT-
MWNT probe

Table 3 Success rate for synthesis of SWNT probe manufacturing

CNT concentration (mg/mL)
Synthesized rate (%)

SWNT MWNT

0.005 0 1.8

0.005 0.05 12

0.005 0.1 6.9

0.01 0.05 17

0.01 0.1 45
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BIEOBANTEENEEIN Uiz, Z OBEIME R X AuEFE~O
MLLEHTH-TZ. £, AEBRTIE, 2~3 VICEE
BEETAZELEXHERA L. ZoBREITASA Y VT A
(Pt:Ir=80:20) % ¢t & AV 7=HOPG ~DSTMMM T & 121F
F— O CTHotz. KRN LEHEZRFT 520
NATRABELT A7 bOBBRERF LI, 20
RERBIIRT. "ATRAEFAVCHRKELZRL, T X



72

B TRERFERA BT FERTH

100 150
O Diameter A
801" | A Depth A
£ O o _
5 60 - g
5] S
E v o ° g
a B @)
| -50
20
0 ® @ . L . 0
1 2 3 4 35
Bias voltage V
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Fig.7 STM images of pit fabricated at tunnel current of 1 nA and
fabrication time of 180 s at bias voltage of (a) 4 Vand (b) 5V
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Fig.8 Aspect ratio of fabricated pit as a function of bias voltage at
tunnel current of 1 nA and fabrication time of 180 s

R FH2ADE L. EHITMIARBIZBWTS, &
IMEZTR LIEAA 7 AEES VEIRIER—TH 5. fito
T, MIEEZEZEEL, A7 XEEL VBEHT A
T A= RN T T 5 &I LTz,

BT, AT ABEE4LV, PrRAER 1 nA THITH
% 60~180 s CA LS HMERER 9 IR, F£72, ML
ARk DZLO—Fl & LT STM @ L I TEOWm 72 7 7 A
N0 IRY. 2k, ZOMLIZEER 10 nm & MWNT

&, %107, 20084

20 40
- A
O Diameter
15k A Depth 430
£ (]
i o © :
3 10 420 =
5 &
A [a)
A
5k - 10
0 1 1 1 0
60 120 180

Fabrication time s

Fig.9 Diameter and depth of fabricated pit as a function of
fabrication time at bias voltage of 4 V and tunnel current of 1
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Fig.10 STM images of pit fabricated at bias voltage of 4 V and
tunnel current of 1 nA at fabrication time of (a) 60 s and (b)
180 s
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Fig.11 Aspect ratio of fabricated pit as a function of fabrication time
at bias voltage of 4 V and tunnel current of 1 nA
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Fig.12 STM images of pit fabricated at bias voltage of 4 V, tunnel current of 1 nA and fabrication time of 180 s using CNT probe (a) 7 nm, (b) 10 nm
and (c) 40 nm in diameter and SEM images of CNT probe used in the fabrication conditions
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