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Experimental determination of bending spring constant of an individual multiwall
carbon nanotube probe using fluorescence measurement of electrostatic actuation
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Fluorescent dyes :

Fig. 1 SEM image ((a),(b)) and fluorescence microscope image
((c),(d)) of an individual MWNT probe with tip-specific loading of
fluorescent dyes at the end
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Fig.2 (a) Schematics of the experimental setup for electrostatic
actuation of the nanotube (b) Optical microscope image of the CNT

probe with the counter electrode positioned parallel to the nanotube.

(scale bar : 10 ym)

n . .
Objective function = 3. (Féimul —re'xp)2

@)

9 AelA ne Ae Besd AP Aol
a9 3 e A5 ARRA, At Aol e 7 Al
= o

gE olfv= FHxEe 54 4 =] #e AT #@
(Average fitness value)o] A stEl =719 Zk(Best fitness
value) 0.2 A3 & HoFEr o= Ayt APEFE
ZE AUE ol FE FHAAVE $49 AR ZstES ofn
gty HAHIE Tt FEd 9E AHENS #@
4274x10°°[N-m?] o]t} 29 3= HHsE #3 A
S ol g3t HAA HFAT| olEHo=z ALtH

Hlastel vEeRd refzott, HAAWE FAHES SEh
dolzl gauvwFHe] Zojek 9o w3l A A7|e] A
HE o] gete], AFE EBAUR-FH ZIHO AP
KE FellEd o2y 2o
3EI
=?:l.1pN/nm 4)
91 1.1 pNinm o] == 7] AA £4 o=
AREH I AE 9 v AW AxYAAS A7)
(6 pN/nm)E.t} ZH& gro 2 Ay fFH T2 7 dI3y
HEN) 3 4 F83HA AHEE F oS BAFEH
4. ZEB
o ATelAE i A7]e AESA z2vAE A
S f% ¥ AAMRA AMEE BAYUSERH Z2H| 5
3 2ZGATE SASAT ATl o3 vxFHE
w3 A4 Rddgsta ol AFHA AT} njugo
AN AR ORT Wi ~2EZHYFE FEIU

98

-13
X

% By
P Jf%ﬁfm%ﬁ@%&ﬁw

st
|

Ak

-1.8+

|
|
f
|
\

Best&Average fitness value [d]

|
I
!
4

100

Gap hetween CNT probe and counter electrode (um)

I I
20 25

1
18
Applied Vaoltage (v)

10 30 40

Fig. 3 Optimization result of bending stiffness using genetic
algorithm: (a) Randomly selected initial genes and evaluation of the
objective function after several generations and (b) comparison

between optimization result and experimental results.
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