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ABSTRACT

Cellulose based Electroactive Paper (EAPap) has been developed as a new smart material due to its advantages of
piezoelectricity, large displacement, low power consumption, low cost and flexibility. EAPap can be used for a surface acoustic
wave (SAW) device using the piezoelectric property of EAPap, resulting in the cost effective and flexible SAW device. In this
paper, inter digit transducer (IDT) structure using lift-off technique with a finger gap of 10 pm was used for micro fabrication of
the cellulose EAPap SAW devices. The performance of IDT patterned SAW device was characterized by a Network Analyzer.
The feasibility of cellulose EAPap as a potential acoustic device was presented and explained.
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Fig.1 Chemical structure of cellulose.
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Table. 1 Design Parameter of IDT pattern on cellulose
EAPap

IDT pattern
Parameter (A =40um)
Acoustic path length 150A
finger width/ length 10 pm
Aperture 50A
No. of Finger pairs 60
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Fig.2 The film process of cellulose EAPap.
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Fig.3 Lift-off process for the IDT pattern formation on

EAPap.
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Fig.4 SEM image of the IDT patterned EAPap SAW
device. The finger insert presents a microscope image of
the pattern IDT on EAPap with A =40um.
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Fig.5 Measurement configuration of cellulose SAW
device using a network analyzer.
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Table. 2 The elastic constants of EAPap.

EAPap Elastic constant (GPa)
Drawi cellulose Cellophane
rawing EAPap EAPap
direction
0° 7.01 6.80
45° 5.51 4.66
90° 4.39 3.57
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Fig.6 The measured S, data of cellulose EAPap.
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Table. 3 Selected properties of cellulose and cellophane

EAPap.
EAPap Cellulose Cellophane
Property EAPap EAPap
Elastic
constants 7.01 6.80
(GPa)
Density 0.0131/ 0.0132/
(g/m’) (0.02#0.02) (0.02%0.02)
Thickness
28 30
(um)
Acoustic
velocity 2446.3 2374.10
(m/s)
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Fig. 8 The measured S,, data of cellophane EAPap.

2 Aol EAPpRES
wEol B4

H}Ol_;_’-
Az A A7]7]

i

5 4

&59t +10m/s 8 L8 BT

HO}-

=

_{

o

=

o

Zlgoz 3= sawt]
#AEagc ¥d @498
‘(HSH EAPaP ‘au 8

Efag 58 AEPod, HddE stel A4t
71 1M IDT A= HFt B59 ~E8d $FS
0 89 lift-off WHE& A& IDTHE & EAPapHiol
Azttt EAPapE & TR mE EFHE S0
He, FHAFRT 208 BA: o) olfs W
gste] &£z A4S Cellulose EAPap %
celiophane EAPap& o] 83 SAW tiuio|~& ZH§
o8 247t EAPapolA 9] B8 £ 2452 m/s &
2362 m/s2 AAFE e

* 7|

f?} et A /& 78 7] g 1t
%"}‘d(EAPap Actuator)—4
2 oo A= T

F43
QA7

i 0 2 H
() 2R3, 2006 <8 2 Fo] AF7d AAY 4A
Ade] B 3 Adistm =23

(2) 2714, 2008 “Electro active paper 2] MEMS T|u}o}2
2 fadsZdol 488 A¥ 48292 vola
2 B9 deggn =84

() AR, 23, 2L, 84, 1987, «¢d Ay
o &4 EDM} £5 A 2 AP 8T
A 64 43

4 2HAE, BAF, 2006 <A SAHAGE 0] 53
Ao AF W B i d, §5 44
2l A 237 43

(5) £%4, 2006 “AE2 92 £HF Ml W EAPap 9
A g Astoista =23,

(6) J. Kim and S.Yun, 2006 “Discovery of Cellulose as a
Smart Material” Micromolecules vol. 39, pp. 4202-4206.

(7) V. L. Strashilov, 2000 “Efficiency of poly (vilylidene
fluoride) thin films for excitation of surface acoustic
waves” J. Appl. Phys. vol. 88, pp. 3582-3586.

(8) David W Galipeau, Patrick R Story, Kelvin Avetelino
and Russell D Mileham, 1997 “Surface acoustic wave
microsensors and applications” Smart Mater. Struct. vol.
6, pp. 658-667.

(9) Alfred Pohl, Member, 2000 “A Review of wireless SAW
Sensors”, IEEE transactions on ultrasonic, ferroelectrics,
and frequency control, vol. 47, pp. 317-332.

(10) DM.G. Preethichandra and Keiichi Kaneto, 2007
“SAW Sensor Network Fabricated on a Polyvinylidine
Difluoride (PVDF) Substrate for Dynamic Surface
Profile Sensing”, IEEE sensors J. vol. 7, pp 646-649.

(11) Norman F. Foster, 1981 “Piezoelectricity in thin film
materials” J. Acoust. Soc. Am. vol. 70, pp. 1609-1614.
(12) C. Deger E. Born, H. Angerer, O.Ambacher, M.
stutzmann, J. Hornsteiner, E. Riha, and G Fischerauer,
1998 “Sound velocity of Al,Ga;.,N thin films obtained by
surface acoustic-wave measurements” Appl. Phys. Lett.

vol. 72, pp. 2400-2402.

(13) Kino G S, 1987 “Acoustic Wave: Devices, Imaging,
and Analog Signal Processing” (Engelwood Cliffs, NI:
Prentice Hall).

ex4
B3]

7NAAR 2371 -



