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Growth control of high-density carbon nanotube forests and application to
electronic devices

Sugime, Hisashi
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Highly-sensitive interdigitated electrode (IDE) with vertically-aligned

dense carbon nanotube forests directly grown on conductive supports was demonstrated by combining UV

lithography and low temperature chemical vapor deposition process (470 ° C). The cyclic voltammetry

measurements of K4[Fe(CN)6] showed the redox current of IDE with CNT forests (CNTF-IDE) reached the
steady state much more quickly compared to that of conventional gold IDE (Au-IDE). The selective
detection of dopamine (DA) under coexistence of L-ascorbic acid with high concentration (100 p M)
was achieved with the linear range of 100 nM - 100 p M and the limit of detection (LOD, S/N = 3) of
42 nM. Compared to the conventional carbon electrodes, the CNTF-IDE showed superior anti-fouling
ﬁroperty, which is of significant importance for practical applications, with a negligible shift of

alf-wave potential (AEL/2 < 1.4 mvg for repeated CV measurement of DA at high concentration (100
M.
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Fig 2. (a) Top-view optical image of part of the CNTF-IDE. (b) Oblique-view and (c) side-view
SEM images of the CNT forests (We =2 um and Wy = 3 pum) in the area shown with the dashed
rectanglein (a). (d) Raman spectrum of the CNT forests from the top of the CNT forests
(wavelength: 488 nm). (e) Side-view TEM image of the interface between the CNT forests and the

substrates. (f) High-angle annular dark field (HAADF) image and (g —

i) EDS elemental maps of

each element at the interface between the CNT forest and the substrate. The scale bar in (i) is

common for (f) — (h).



Au-IDE

(l; 0.04-0.05pA (Epy ~0.31V
05V 0.17-0.36 pA
CNTF-IDE lpa 0.042-0.064 pA Epn ~0.28V
AE, ~85mV (Fig. 3c). We Wy Au-IDE  pa (
30%) Epa (~0.03V) AE, (<12 mV)
05V la 036 - 0.99 pA
(Fig. 3d). la CNTF-IDE la ¢ Au-IDE
(Fig. 3b 3d)
Ccv IDE 2 03V
lpa 05V la “amplification factor in CV
(AFcy)” 05V le  la
“collection efficiency (CE)” CE
Au-IDE  AFcy CE 4.3 6.7 90.3% 94.3%
CNTF-IDE 6.8 184 94.3% 97.3% Au-IDE
CNTF-IDE Wy AFcy CE
We CNT-IDE We AFcy  CE
Au-IDE IDE CNT
We Wy AFcy 16-32
Au-IDE CE 90%
(a) Au-IDE (single mode) (b) Au-IDE (dual mode)
0.06 1k >
[ W=2 pm, W= 3 pm ]
— 0.04 . = 05E (single mode)
E — 1}
2 0% 7~ 13
e 1 ¢ |
3 0./4-5;'4/ 1 305} ;
-0.02 ; : ] V;/e l;Vg
] -1Fcollector potential =-0.1V ]
-0.04 N TR TR T T — oy 3 3
0 01 02 03 04 05 0 01 02 03 04 05 — 2 4
Potential, E (V vs Ag/AgCl) Generator potential, E4 (V vs Ag/AgCl) 3 4
(c) CNTF-IDE (single mode) (d) CNTF-IDE (dual mode) 4 3
0.06: 1fWe=2 pm, W,=3 pm h — 4 4
[ (single mode) ] 4 5
z 0.04} 205 ] unit: gm
2 = | ]
= 0.02F = [ ]
= ! 5 0 fer—— =
& 5 | R '
S 0 t [ %, “~
(&) L 5-05- ‘\‘\\.-""""1
-0.02 == - ‘Q: ............ ]
0 04E . ) . ‘ ] -1 [ Collector potential =‘—~0..1:~\/~ T
0 01 02 03 04 05 0 01 02 03 04 05

Potential, E (V vs Ag/AgCl)

Generator potential, E; (V vs Ag/AgCl)

Fig 3. CV results of the (a) Au-IDE (single mode), (b) Au-IDE (dual mode), (c) CNTF-IDE (single
mode), and (d) CNTF-IDE (dual mode). The solution was K4[Fe(CN)e] (100 uM) in KCI (100

mM), and the scan rate (v) was 10 mV

sL. In Figure 3b and 3d, the solid lines show the anodic

current (1) at the generator, and the dashed lines show the cathodic current (l¢) at the collector.

The data of We =2 um and Wy =3 pm (single mode) in (b) and (d) are shown as references which

are the same datain (@) and (c), respectively.
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Fig 4. (a) Anodic current (15) and (b) cathodic current (I¢) in the dual-mode CV of the DA
measurement with different DA concentrations under coexistence of AA (100 uM). (c) Detailed I
in the forward scan with AA (background), 10 nM DA, and 100 nM DA in (b). (d) Relationship
between I with DA concentration. The electrode design is We =2 um and Wy = 3 um, and the
scan rate (V) is10 mV st
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