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electrostatic-induced self-assembly carbon nanotube films

ZHANG Dong-zhi”

(College of Information and Control Engineering, China University of
Petroleum (East China), Qingdao 266580, China)
% Corresponding author, E-mail ; dzzhang@upc. edu. cn

Abstract: To provide building blocks for high-performance Micro-electro-mechanical System (MEMS)
devices, Layer-by-layer (LbL) self-assembly of Single-walled Carbon Nanotube (SWNT)/polymer
films was proposed and their properties were characterized and tested. The surface morphologies of
the SWNT/polymer films observed under a Scanning Electron Microscope(SEM) show high strength,
dense and random network structures. Raman spectra of all characteristic peaks for the SWNT in ra-
dial breathing mode, disorder mode and tangential mode demonstrate the presence of the SWNT in o-
verall good quality and a loading state. Real time Quarts Crystal Microbalance(QCM) online monito-
ring illustrates that the deposition thickness and the SWNT loading fraction in the nanocomposite can
be controlled in a large range based on LLbL sequential deposition process. When the cycle number of

polymers increase from 0 to 5, the average film thickness increases from 6. 31 to 111.59 nm, and the
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SWNT volume fraction decreases from 72. 35 % to 14. 78 %. In addition, the electric properties of the

SWNT/polymer films under the influence of SWNT loading fraction and film thickness were investiga-

ted through current-voltage characterization. These results provide experimental and theoretical bases

for potential applications of SWNT films in MEMS devices.

Key words: Carbon Nanotube (CNT); electrostatic induction; controllable sell-assembly; {ilm charac-

terization; electric property

1 7]

qul

WA B LA 1 B2 3 A B RE A B L 1
A A AR R Re AR RS B A SRR IR B A 45
FERPEBE A9 MEMS 28 14 5 b 25 [ B2 % J2 (1 £
B BFFE NG H R R G ok R B B
RWFIE, IR T KRR T o0 7 U /Y B B b
LR R B AR L DU A B A R
PR ARG . 1991 45, B ARIEAK S, Tijima &
T Y0 K% (Carbon nanotubes, CNTs) , H it
1 7 25 0 HRL 2V i (g EAE S8 R 58 8 43 1)
7E 1 000 GPa 1 60 GPa LA b, PV 2 BOR 800 T
AL 3 500 Wm 'K UR1 109 Aem 2) i
BLA T 4 KB B T A BIF 5 AV R B S A AL
TR PE A EAR R R W T — 44 B Y
Ny R YNNI i N NS
PR B ST B IR AR R R R AR
T F7 £ ERRTOT L A BRI AR R R
B R LR RRE R A Ak s R
BRA 7 M B T Rl B 28 R G T & AR L
e T A AEAR R B AR T 2 B S
Uiy 15 B (AN R, 7 RO 200 38 46 56 ) il 45 T 205 21, il
T A AR A L AT 45 25, i B Y PR T % 2K B8
(0 — A PR 2 2 IR I L ol A 3 400K L A
T L A Tl 440 O A R 8 A G B T e TR AR
Rl CRER NN TR SN K . T X B R e
RN H . Bk 98K A W 4 K 2 R Ak
= S M UL FR ¥ (Chemical Vapor Deposition,
CVDY! BIFE A i 26 1h A K R A K45 L SR 5 7
T 1 A FEL MR 5 L O Ok A A VR TR S BB AT B
TEETST RS AE AT RS I o 1 R A R B 4 K A
VWU BT ED R B 2 A, CVD J5 ik 5 B AR
R RO A AR A K TR R 2 R B ORI

WK, IR M B RATE R R T
CVD J5 ¥k 1 il B , {7 T8 15 ) 45 19 359 50 i 2, e 40
KAF 55 R A ) 18 22 ok A 2 ] WA A sl T ED IX 8 Al
MELURS B s . WS A AL Oy I L
15 B A] 48 il 4 A R A2 RS I A T 1k
HAMEA G5 AE T st as (= I8 T B e] 547
AN B BT R A A A O3 O A, I e A K A
FR AT 4 1 2 | SR A o M 0 % M e SR AE AT R H
T 8 A K A S PR 2 2 i e v 1 DG

AR S S 2 T R AR 4 K A 5 B R A
WA H VTR AR TH# oA S % )2 (LbL) H 4%
B2 KA /R G R SR T A R A BOR T
(QCM) A #i HL + B 38 (SEMD (L £ 7 25k %
A2 S AR S BT A AR X i [ 2 ML
BB Bl g 2 RO B P2 6 | R A e S
11 A RSB AIF 53, X 35 T ok 4 R 3 I o) 5 174
R BTG B MR S AR [ R AT TR A
BT AFGE T B 9K A/ 3R G W T R, 2 M 52 e 40
DK A A 0 AR L R L T RS B 5 e O R L OF R
BT 2B AR 1 RS RO, B T R R

2 ERMBALERERMNEZL

FBE B 9 K 45 (Single-Walled Carbon Nano-
tube, SWNT) i Ak 2 UAH TR I il & 4 BLAR N
1.1 nm,FXHKEH 50 pm. 4 KT 90% .,
SWNT's & i 75 #¢ B B2 e il BR #2 R BLEE 3 ¢ 1
e IR A W R th 110 °C hn#k ., L 140 ~150 1/
min BEFE 1 h BRI L8 F KRR RE. 4 0. 22
pm LI e e E pH =5, AR5 E T A
P AL 1 h B 5 B0 AR B 15 min, B G
WAL B2 . IR A TR S Ak e 4 oK A8 il o 11
T A e B A7 5 B A -COOH B g A1, 5 55 £
LK1 s,



1564 b=

k% TR

522 %

Bl 1 RETIRA WA R I SWNT
Fig.1 Functionalized SWNT based on mixed concentrated acid
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Fig. 3 Fabrication process of SWNT/ polymer multilayer film
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Tab. 3 Electrical characterization and analysis on LbL

self-assembled SWNT/polymer films
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m=3 g=2.429 3X10 "h—0.001 3 0.951 8
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m=5 g=5.507 §X10 *h—2.225X10""  0.951 0
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