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( Fabrication Process of Single-walled Carbon Nanotube Sensors

Aligned by a Simple Self-assembly Technique )
RAI- M- 4 TS IR I =
(Kyeong Heon Kim, Sun Ho Kim, and Young Tae Byun)

(@] ok
I =

old KA $EE oA TEAIYT ]photohthography) TS o] &3ty WUy ®A UkFH (single-walled
carbon nanotube; SWCNT)E 4Fstut (silicon-dioxide; SiOp)o] A ® A2 (silicon; Si) 7|F$Jel] Aeldor SN =
A W sl ZAMAATE 2 =olA, $Ee Sl Age HE o] 88ty ddd vk UxFE A4S 7R AAE
3} E@A2AF (field emission transistor; FET)E AlZetieh =3k A2d @y 82 YefH 7dl AA 57 ERXAE
272k9] AClE Mol e AF AYEgol ZAELE o] AAR JJr EWA2EE AXEA Z5E 5 Y 2EA1Y
A 93 ditsidte] P M 7|9 mA Ol @y BA YrefFErl 249 REAEED)Y TEYARES} =F
HES IEAAZE dde] FgHnt o] XEAALE deie] Fgd V9 dUH g4 eREIE 24k thojge e
Al (dichlorobenzene; DCB) £ ol ©71t), dol A& XEHAXE delo] ofAlEd 9s) A|A =W, 27do=z Afdy

=

¥ (2020 Beol Akl of AelHow vy wha thelin Alde] FAHLh of e 7] £ %] olggo
24 92t v Bh eRe 49 40 vle) AAEY 2axaE ofdols 4EAeR Aes

Abstract

In previous reports, we investigated a selective assembly method of fabricating single-walled carbon nanotubes
(SWCNTs) on a silicon-dioxide (SiO») surface by using only a photolithographic process. In this paper, we have fabricated
field effect transistors (FETs) with SWCNT channels by using the technique mentioned above. Also, we have electrically
measured gating effects of these FETs under different source - drain voltages (Vsp). These FETs have been fabricated for
sensor applications. Photoresist (PR) patterns have been made on a SiO,-grown silicon (Si) substrate by using a
photolithographic process. This PR-patterned substrate have been dipped into a SWCNT solution dispersed in
dichlorobenzene (DCB). These PR patterns have been removed by using aceton. As a result, a selectively-assembled
SWCNT channels in FET arrays have been obtained between source and drain electrodes. Finally, we have successfully
fabricated 4 FET arrays based on SWCNT-channels by using our simple self-assembly technique.
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Fig. 1. Schematic diagram of the fabricating method
nanotube (SWCNT) channels assembled by using only a photolithographic process.
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Fig. 3. SWCNT channel fabricated on the source and

the drain electrodes as a scanning electron
microscope  (SEM) image of magnifying a red
circle shown in Fig. 2 (b).
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devices for sensor applications.

fr
R

1011 l"_>|“l_‘
[ S
D)
£ g0 o

rir

N
N
rlo i

H
i_:“
12 ox

(p-type)

=
o

o)

dlo
SRR
o
)
|o
[rs

fol

[

B

3

N
rlr 4l
ST
qu = o
N2 2 o

(o3

N — o
2 o\

Mo, g
)

2L
=
k1
2
A
o,
[o
N
N
By
B

8
S
o
2L
k<

&2
|o
a0

Ju
N

kv

P

=i

Iz
ot o |

dll
1
,
o
z% (e
mul
[
T
b
3 S
T ox
N
N
L
(0]
>
U a\)
F N
N
o ;{g rug
£

e fo

i, o i
o4 A9 9}

(network) 3

(=
o |z



32 et Y JHoZ I

o
ut)
o
ne,
)
o
f

3 e

T

¢
fll
¢

L 91 O

B>
X
o,
2
Y
~N
=2
:9‘:,‘

b

)
B~
i
[
Y

mt)
e
)
uul
F~
[

=1
o

[0 ok

U2

o rE o moh & L
12

2
rlo
ol o}
o2
o

Koo & ¢
b
A
i

oo 0 g

H

_?L

o,
i
o
my)
o
&
uul
o

o 917ol FHA7

=FEE A

AR A7z

QA Aol

rl
)
ﬂ1-11>

it
N
e
L
xd
foy M
i=)
m
=
X
Dy
i

[
N
[
a
b~
X
1o,

'S
n

o
[0
2
i)
o

AU
o, 12
B JEm

o
D
)
2
£

3
o

£
o
o
2L
¥Q

= (m 2

)
)
fol
B b
)
N
o -
oX
ok
2
o
fitl

R

feo

s
i
rN ;22 :11‘

2E 2R

Pk

ol

N
o fob

=

>
R oox = ot X
B Rote X

o 2

ay)
e,
1
uul
B>
U =R
{m
N
[>
ol

e

=)
oM or
2 2

o
=
£
o
£

A 5 gl

20109 % 5387 &Re] Ao s
1% $39 wo}
5]3

(NO. 2010K001144).
KISTY 7]#aGAF ] A Y&
(o3}
AR

ol Ao £qu9lt
#1023

[1]1 S. Tjima, “Helical microtubules of graphitic
carbon,” Nature, Vol. 354, no. 6348, pp. 56 — 58,
November 1991.

A. Thess, et al., “Crystalline Ropes of Metallic
Carbon Nanotubes,” Science, Vol. 273, no. 5274,
pp. 483-487, July 1996.

S. J. Tans, A. R. M. Verschueren, and C.
Dekker, “Room-temperature transistor based on

(2]

(3]

Ctolbd
==

B4 Lr 55 HAQ HEEE 238 o
a single carbon nanotube” Nature, Vol 393,
no.6680, pp. 49-52, May 1998.

[4] S. Ghosh, A. K. Sood, and N. Kumar, “Carbon
Nanotube Flow Sensors,” Science, Vol. 299, no.
5609, pp. 1042-1044, February 2003

P. W. Barone, S.Baik, D. A. Heller, and M. S.

Strano, “Near-infrared optical sensors based on

single-walled  carbon  nanotubes’  Nature

Materials, Vol. 4, no. 1, pp. 86-92, 2005.

R. Martel, T. Schmidt, H. R. Shea, T. Hertel

and Ph. Avouris, “Single— and multi-wall carbon

nanotube — fleld-eflect  transistors,”  Applied

Physics Letters, Vol. 73, no. 17, pp. 2447-2449,

October 1998.

J. Li, “The cyranose chemical vapor analyzer,”

Sensors, Vol. 17, no. 8 pp. 56-60, August 2000.

Y. Lu, C. Partridge, M. Meyyappan, and J. Li,

“A Carbon Nanotube Seneor Array for Sensitive

Gas Discrimination Using principal Component

Analysis,” Journal of Electroanalytical Chemistry,

Vol 593, no. 1-2, pp. 105-110, August 2006.

N. Sinha, J. Ma, and J. T.W. Yeow, “Carbon

Nanotube  Based  Sensors]  Journal  of

Nanoscience and Nanotechnology, Vol. 6, no. 3,

pp. 573-590, March 2006.

[10]1P. Young, Y. Lu, R. Terrll and J. Li
“High-Sensitivity NO:» Detection with Carbon
Nanotube - Gold Nanoparticle Composite Films,”
Journal of Nanoscience and Nanotechnology, Vol.
5, no. 9, pp. 1509-1513, September 2005.

[11]1E. S. Snow, J. P. Novak, P. M. Campbell, and
D. Park, “Random networks of carbon nanotubes
as an electronic material” Applied Physics
Letters, Vol. 82, no. 13, pp. 2145 - 2147, March
2003.

[12] Y. Huang, X. Duan, Q. Wei, and C.M. Lieber,
“Directed  Assembly of  One-Dimensional
Nanostructures  info  Functional — Networks,”
Science, Vol. 291, no. 5504, pp. 630-633, January
2001.

[13] R. Krupke, F. Hennrich, H. B. Weber, M. M.
Kappes, and H. v. Lohneysen, “Simultaneous
Deposition of Metallic Bundles of Single-walled
Carbon Nanotubes Using Ac—dielectrophoresis,”
Nano Letters, Vol. 3, no. 8 pp. 1019 -1023,
August 2003.

[14] S. J. Oh, J. Zhang, Y. Cheng, H. Shimoda, and
O. Zhou, “Ligquid-phase fbrication of patterned
carbon nanotube field emission cathodes,”
Applied Physics Letters, Vol. 84, no. 19,
3738-3740, April 2004.

[6]

[9]



20119 38 MASete ==X M 48 @ SCH X 2 = 33

[15] Y. Zhang, A. Chang, J. Cao, Q. Wang, W. Kim,
Y. Li, N. Morris, E. Yenilmez, J. Kong, and H.
Dai “Electric-field-directed growth of aligned
single-walled — carbon  nanotubes,”  Applied
Physics Letters, Vol. 79, no. 19, pp. 3155 - 3157,
November 2001.

[16] ] Gao, A Yu, ME Itkis, E Bekyarova, B Zhao, S
Niyogi, RC. Haddon, “Large-Scale Fabrication of
Aligned Single-Walled Carbon Nanotube Array
and  Hierarchical — Single-Walled — Carbon
Nanotube Assembly;” J. Am. Chem. Soc., Vol
126, no. 51, pp. 16698 - 16699, December 2004.

[171]. Liu, M. J. Casavant, M. Cox, D. A. Walters,
P. Boul, W. Lu, A. J. Rimberg, K. A. Smith, D.
T. Colbert and R. E. Smalley, “Controlled
deposition of Individual single-walled carbon
nanotubes on chemically functionalized
templates,” Chemical Physics Letters, Vol. 303,
no. 1-2, pp. 125-129, April 1999.

[18]S. G. Rao, L. Huang, W. Setyawan, and S.
Hong, “Nanotube electronics:  Large-scale
assembly of carbon nanotubes,” Nature 425, pp.
36-37, September 2003.

[191V. V. Tsukruk, H Ko, and S. Peleshanko,
“Nanotube Surfice Arrays: Weaving, Bending,
and Assembling on Patterned Silicon,” Physical
Review Letters, Vol. 92, no. 6, 065502, February
2004.

[20] N. Nuraje, I. A. Banerjee, R. I. MacCuspie, L.
Yu, and H. Matsui, “Biological Bottom-Up
Assembly of Antibody Nanotubes on Patterned
Antigen Arrays]” ]J. Am. Chem. Soc. Vol. 126,
no. 26, pp. 8083-8089, July 2004.

[211C. Zhou, ]J. Kong, E. Yenilmez, and H. Dai,
“Modulated Chemical Doping of Individual
Carbon Nanotubes” Vol. 290, no. 5496, pp.
1552-1555, November 2000.

[22]M. D. Lay, J. P. Novak, and E. S. Snow,
“Simple Route to Large-Scale Ordered Arrays
of Liquid-Deposited Carbon Nanotubes,” Nano
Letter, Vol. 4 no. 4, pp. 603 - 606, March 2004.

[23]1 M. Lee, J. Im, B. Y. Lee, S. Myung, J. Kang, L.
Huang, Y.-K. Kwon, and S. Hong, “Linker—free
directed assembly of  high-performance
Integrated devices based on nanotubes and
nanowires,” Nature Nanotechnology Vol 1, pp. 66
- 71 October 2006.

[24] K. H. Kim, T. G. Kim, S. Lee, Y. M. Jhon, S.
H Kim and Y. T. Byun “Selectively
self-assembled single-walled carbon nanotubes
using only photolithography without additional

chemical process, 30th International Conference
on the Physics of Semiconductors, p. 913, Seoul,
Korea, July 2010.



34 et Rl 28 VMO R mEE HYY B L R2 MM HMEHSE

N
o
ral
o

24 #5359

= 4 M =(H3)9)
2008 F=rthfal 7 Ap-s stk

19784 A gojsta 2

Al 4. Al £4.
2010 e digtal A= 7] 19801 KAIST ¢ 33}
T8t MAL £ RSP =L

20103 ~8A B2 AT
A 2R/A2Y ARy

198349 KAIST 22 8}

AL 2],

TeYs/A Azd A 1980~ AA BRI EA T, 2i/A 2
H a7 ATRY, EEYA/MA Axd A,
<FA R 1 MEA> A9 A4

<FHA FEoF 1 WA >

W os A Ef (g9
1986 el hsta 28}

| Ak =,

| 19899 e et & st}

, AL 29

' 1995w v shan 2] e}l

NI X

Faatelr| AT, RE/A 2

BOEEYS/AA A" A,

El

(94)



