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Adhesion between Carbon Nanotube Arrays with Different Contact Area
Measured Using Microactuator
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Abstract

Adhesion between carbon nanotube (CNT) arrays is measured and characterized for number of different contact
areas. The CNT arrays are directly grown on an electrostatic microactuator, and they make contact with each other
during the growth process. The pull-out force is precisely applied by the microactuator while the contact status is
identified by measuring electrical resistance between the CNT arrays. We have designed different contact areas of
1000, 6000, and 8500 um? between the CNT arrays, and the corresponding adhesion increases from 0.9 to 3.7 uN as

the contact area increases.
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Fadn: Adhesion force

Fe: Electrostatic force

Fc: Contact force

&: Free space permittivity

t: Thickness of comb finger

n: Number of comb pairs

V: Pull-out voltage

g: Gap between comb fingers

k: Stiffness of spring

d: Displacement of shuttle after growth of CNTs
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Fig. 1 (a) Scanning electron microscope (SEM) image of
CNT array-integrated microactuator. When a
voltage is applied on a gate electrode, a shuttle is
actuated to pull-out the contact between CNTSs.
The status of the contact can be identified by
measuring the resistance between source and
shuttle. (b) Close-up SEM image of the CNT
arrays in contact.

L QUCH [9]. 0|28 EtALILRE 7t

P PN

lo ©
Il
Jak
I
rlo
H

o
>.
0

rir

Elomd oy oA 30

N o vl LI 1 < - 1 [
> O [ >

FO
-4
m
Ir
B
A
H > uiu b ofy

g 0[E Ato|A=
371§ 0830
0l

0
o
[
Hu
)

e mrm
N
H =2
m
i
N
Bl
Jal
1H
mjo
j[
>
_O'ﬂ
R

ct. ol o
E g
pS| =
- —

Balte®E 2t HEH Sd= Motk
Dfolii ?E7I= ’éxd?I@"S TSEMH, o

Actuation
(Pull-out direction)

Fig. 2 Schematic of contact between the CNT arrays.
Three different contact areas of (a) 1000 (b) 6000
(c) 8500 um? are designed to investigate the effect
of contact area on the adhesion between the CNTSs.
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Fig. 3 Hysteretic current-voltage curves for the contact
area of (a) 1000 and (b) 8500 pm?.
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Fig. 4 Increase of the contact area increases the adhesion

between the CNT arrays.
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Fig. 5 Transient responses of the contact are presented
when the contact is turned (a) off and (b) on.
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