20134

Ol0|Z 2L AlA iil(Somety of Micro and Nano Systems)

CHetM7|Sk3|(KIEE) MEMS S713|, St=2MIMSHS|(KSS) MEMS S1713] Chetr |Ast2|(KSME)

00|32 2/L eSS E, i*iié“e'é’-i*il(KSPE) LI-O0|3 282, MEMS 7|&97 A gt

337K 7| ZHCHE]
LieSe7|lad, U=T2/of ClHAMDIE, HATIsHRZE A0 AMSCistu $t= Bio-IT I2E2|
MEAIE| MAZrsiy ADIERE =3 RIS AIAE @MEA H23 AL MAY EUEADE
0| MEIHIZZZXIE), ofOJAHE| AAET, HMcHStw AHoL{x|HE & QU ¢t 2HH3I=
Xl FAGA LR, @OIA0[HZ, @OICIHM, XA XHIEHIZZX|E, @HO|HERM, FHEA|AA,
ma|lEl FHSa|A|AF2(0f ot=2utsty =T Di0|TZLE-HAE o=27|ASHTH XHEAEAY DS EH|
SAl ZRJIA J|BIREAE 3120[20[12 Q36N STMAEAGTY EEA SHZAE InteliSense,
ETUV-SUD KOREA

ESN
o]

I}0
7

MICRO ELECTRO MECHANICAL SYSTEMS




- i
I - e o p oo (Pel g w [Py «
mo | njo | i I T o X so ﬁﬂ I L Lo ~O _n__u_._”_ ol _.H:o ._.A.o ~
o | 3y | H %_ . Eﬁ Eﬁ R L e o ® wo I wg S| e K wo gy | mo M - g |
oS N R N I i S S N I - - < A I IO x| o W | W
ol ||| = < = | = T < | = .. = KM = NI W o~ B = KO | U =|U
HlA || ™ <o | S s —p | 2o ) i L = N L= =] X M 2| = T|=
== = g © = OF ~g ~O o || [T -3 |l = | W
aE=E=1 e IR R A I et L3 I v B L e R Vel - v L e B - S AR
M| ma mq o m_Ho KO KO KO 1 g RO :ﬂ RO ﬂ_._ohv m_% GY
<r = <r <r © -
@ | ok o | iof e < g 3
> o N~ ~ © w > < g
-z A - |47 S R Y 23 )
LS N N v = dlm .© 5 _ S o | =
'®) ° ol - o | Y= a N O v H
Y U Q = s = O o = o £ o Lo » m L U3
o R | & O 0 L 0 L5 o 2 c O & - i o 2| oN
N T S Nl R T 5 Sa|s 2| H o |x > 52 & |2 2y
=F | uo| X |uo |3 E S| MR Mg ExlmZe o WMy Le W22
o 32 = - A M o =Xl 0 c o Bl | Uo | =y W S| T |& 6|
~—~ == 'S _ e I o
e 5| "lze 7 |2g| |wE| |zlTEE 5| FEE| 9 (T
= &0 b =1 ~O Mo t+ = |J.o 0 t+ < U B - = W t (M\ H
§e) o ~O XY ojo o = Y] <k
om _2._ il _z._ c Q 5 =
= E__| o] © o O_l
z = o v
= =2
¢)
a
21818 I’ 23 S [ = o = o o o o ol o o o - -
~ Tl T = o | o — = = a S &l LN ) 0 Q| Q ) = 5
- ] l 14 14 I} 14 14 14 4 ,~| N N N N N
<|lo|lo|o 2 l 2 1 2
slelal s lslsl 21| s8lgl slelgs| 8 [2(g8]8] 8 | 2] 38 |3
6 .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. .. 5
/=I5 8 |8|8] 83| 2| = |¥ @ |F o e l®|5| 8 3 | 2 |=
oll — - — —
A oo 2
< < oA_._.___ E._




5
Oral Session 2 (FO-2) Micro Sensors -

FO-2-01 HAUEYY S0M TR Y= 5 AXHWAM 9
FO-2-02 = &0 Sdti 7140 HAIZE ZAIE fIEt +F D022 JtA& Z2|7) 11

FO-2-03  Silver nanowire network based stretchable strain sensor 13
'Aekachan Pichitpajongkit, '"Morteza Amjadi, 'Daejong Yang, 'Jaehwan Lee, 'Hyeonjin Eom,
“Werapon Kamonkhantikul, 'Inkyu Park”

'Department of Mechanical Engineering, KAIST, *Department of Nano-Engineering, Chulalongkorn University,

Thailand
FO-2-04 EBYH 2ZMIA 00| O|8% 12 ER/E 24 15
Totxs], ' LIgE, 'R, T =Ry 10135 ' 1YY
THAMHEID 7| A2, 2EEI|AE Y oz 7| A HRE
) 48 5% 24
Invited Talk 2
15:00 ~ 15:30
Y USG9
Graphene-Based MEMS: Challenges and Opportunities =43
Meostn s
) ) ) o 4€ 5% 2=2¥
Oral Session 3 (FO-3) Bano/Micro Materials and Fabrication Technology .

FO3-01  SOI OO|A20{Ad BHE 0183 B4E Alslofel Li=gich 7|8k 7hA HAfe] A2k 2 17
£4 Wl
0|7:1_$_ J;][HA ?:“:I_l%’ L}%i_?_’ 71 ZHH*
ot

Mt 7|AISst

FO-3-02 Re|7|T 28 &Y 12| B|O} 0{2(0|9] A2} 19
o142, 01F8, YZS, 0157, UMY’

CHRCHEID 7| BEE

FO-3-03  Preparation and Characterization of PDMS-based graphene composite for sensor 21
applications
Bo Wang, Bong-Ki Lee,1Dong-Weon Lee”
Scholl of Mechanical Engineering, Chonnam National University



FO-3-03

Preparation and Characterization of PDMS-based graphene composite for sensor
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Abstract

The primary objective of this research is to fabricate the
graphene nanopowder composite based on polydimethylsiloxane
(PDMS) and characterize the sensitivity of the graphene/PDMS
composite. The fabrication of grpahene/PDMS composite can be
accomplished by simple and fast sonication and stir processes.
The piezoresistive characteristics of graphene/PDMS composite
can play the same role as piezoresistor in strain sensors and with
the average gauge factors between 6.25 and 277 which obtained
within the strain range of 2%. The graphene/PDMS strain sensor
showed much higher strain sensitivity than strain sensors and the
strain gauge made of other carbon filler composite, the
applicability of the composite are demonstrated in this research.
Keywords: graphene, composite, strain sensor, piezoresistive

1. Introduction

Sensors based on nanocomposites have been attracting interest
recently due to their strain sensing characteristics. For instance,
strain sensors based on CNTs composite [1] [2], carbon
black/polymer composite[3], or graphene foam[4] serves as good
candidates for developing new hybrid materials-based strain
sensors due to their outstanding performance. Graphene, the
perfect two-dimensional (2D) crystalline carbon sheet with high
Young’s modulus and high strength, when used as conductive
filler in polymers, graphene not only improve the mechanical
properties but also present new functionality. Graphene
composites have the potential to realize a higher sensitivity to
strain and wider applicability comparing to graphene itself [4] due
to the unique superiority of composite and easy to be processed.

Our research demonstrates the preparation and characterization
of graphene/PDMS composites for use in strain sensor
applications. The piezoresistive property of composites reported
as sensing material are of gauge factor value no higher than that
demonstrated in our research, which showed great potential for
use in MEMS application.
2. Experimental
2.1 Fabrication and measurement of graphene/PDMS

composite

The fabrication of graphene/PDMS composite relies on the
common evaporation technique[5]. The PDMS (Sylgard 184) was
purchased from Dow Corning Co. and the graphene nanopowder
(MO-1) from Graphene Supermarket. The appropriate amounts of
THF were firstly added into the base polymer to decrease the
viscosity of base polymer. The graphene was dispersed into THF
with a ratio of 300mg graphene nanopowder per 20ml by using
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ultrasonicator (ultrasonic power 200W) for 2 hours. Afterwards
the dispersed graphene/THF solution was mixed with the base
polymer solution by using ultrasonicator for 4 hours to form
PDMS base polymer/graphene composite in THF and decrease
the macroscopic graphene clusters in the solution. The THF
evaporation was processed in a fume hood by stirring the solution
at 50°C. The curing agent was added to the dispersed
graphene/PDMS base polymer emulsion. Then, the blended
graphene/PDMS mixture emulsion was degassed for 30 min.
Finally, the mixed composite was uniformly smeared onto 4mm-
thick PDMS specimens. In order to fabricate a sensor, the
smeared composite was cut into rectangular shape by blades, and
cured at 60 Cin oven for 10 h. The final graphene/PDMS
composite samples on PDMS specimens have thicknesses
between 100 1 m and 300 1 m. Two electrodes were connected to
it with silver conducting epoxy to improve the contact as shown
in Fig.1. The perfect bond between PDMS and the composite
ensure the transfer of strain across the sensor simultaneous during
the measurement.

2.2 Measurement

The piezoresistivity of the composite was investigated with
source meter (Keithley 2400). The elongation of the specimen
was exerted and measured with universal test machine
(SHIMADZU EZ-Test S00N), the loading speed was numerically
controlled at 0.5mm/min.

3. Results and discussions

In order to characterize the sensitivity of the graphene/PDMS
composite, the gauge factor (GF) of the composite could be
obtained with the equation
AL
L
AR (M
R
where R is the initial resistance of the sensor and AR is the relative
resistance change under the deformation. L is the initial length of
the sensor and AL is the relative elongation of the axial specimen.
The relative resistance change of graphene/PDMS composites
with different filler concentrations with respect to the applied
strain (¢) is shown in Fig.2. The average gauge factors for
different concentration of graphene are illustrated in Fig.3 which
lies between 6.25 and 277.

The sensitivity can be explained from macro level and micro
viewpoint. From a macroscopic point of view, the strain response
of graphene/PDMS composites strongly depends on the contact
resistance of surrounding graphene flakes. The piezoresistivity
may come partly from slippage of graphene flakes in the PDMS
matrix which is difficult to measure based on the strain response
of the sensor. What is more, the deformation of graphene flakes
improves the sensitivity of the composite. Increasing the graphene

GF =



contact resistance induces the higher resistivity of the composites.
Higher strain sensitivity of graphene composites can be explained
that the larger inter-contact area among the graphene due to their
special 2-D structure. The linear change can also be explained by
the fact that the graphene flake bent and extended due to the
loading strain and form contacts with multiple adjacent graphene
nanopowder. The hysteresis is existed in the composite since
PDMS, the viscoelastic polymer matrix with property of elasticity
and viscosity, which is presented by a purely viscous damper and
purely elastic spring connected in parallel named as Kelvin-Voigt
model. The hysteresis is mostly due to the relaxation time of the
polymer matrix which results in the shortage for reciprocating
strain monitoring applications. The investigation was not
systematically performed and further studies on composite
flexibility are still needed.

4. Conclusions

This paper reported the fabrication and electromechanical

characterization of graphene nanopowder composite based on
PDMS. Graphene/PDMS composite shows a linear piezoresistive
response with gauge factor between 6.25 and 277 within the strain
range of 2%. The high sensitivity which can be explained by the
increase of graphene flake contact areas and the deformation of
graphene itself, makes it a material with potential to be used for
sensing tensile deformation by changes in strain.
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Fig. 1 PDMS Specimen with graphene/PDMS composite
for tensile tests

152 Sr=EMEMSStET 2]

>

22

600,

—— 8.15vol%
—®= 985 vol%
—¥= 114 vol%
—— 14.65v0l%
[*— 181vol%

500r]

1001

M

0.5 2 2.5

1 LS
Strain (%)
Fig. 2 Composite (with different volume fraction) resistance
change with tensile strain

300

250 w

el
2
200

=} Q

51 =

& 2 T

o g

20 2 !

5 2

9]

=) o

5 2

SIRICE

< & o
Q
N

so4 .2
[=9
=}
Z ,—I—l
0 ¥ f—

774 815 9.85 11.4 14.65 18.1

Filler volume fraction (vol. %)

Fig. 3 Average gauge factors of graphene/PDMS composite with
different filler volume fraction





