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Abstract — In the NCAs(non-conductive adhesive) for adhesion of Micro Electro Mechanical System(MEMS), there are
some problems such as delamination and cracking, because of the differences of CTE(coefficients of thermal expansion)
between NCAs and substrates. Addition of inorganic particle or flexibilizer have been performed to solve those problems. In
this study, to improve the flexibility of epoxy adhesive, epoxy/siloxane composites were prepared by adding 1, 3, or 5 phr of
amino modified siloxane(AMS). Glass transition temperatures(Tg), moduli and CTE of those composites were measured to
confirm effects of siloxane on thermal/mechanical properties of siloxane/epoxy-composites. Tg of AMS/epoxy-composites
decreased from 134°C to 122°C with increasing AMS contents and moduli decreased from 2,425 MPa to 2,143 MPa with
increasing AMS contents. But CTE of AMS/epoxy-composites increased from 67 ppm/°C to 71 ppm/°C with increasing AMS
contents. In short, the addition of siloxane is effective for enhancing the flexibility of epoxy but leads to the decrease of Tg.
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Table 1. Composition of epoxy-composites

Epoxy resin EMI AMS
100 10 0
100 10 1
100 10 3
100 10 5
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Fig. 1. Formular structure of starting materials.

DSC-7= ©]-4310] AIZAFE -84 (DSC, Differential Scanning
Calorimetry)s AABISITE 3k AJH-E ©F 10 mgs AHF ] A
(cellyS W= -, A 79171 afellA 50 °CollA] 270 °C7HA]
10°Ce] £ F2380] o]l es RISt

2-3-2. 4 7]AREA

A5k oA B dHAGTE S8 Aste] ¢
71A1}-4 (TMA, Thermo-mechanical analysis)ye 2 S5} TH ARE7]
713 TA Instrument®] Q400 EMZ- 0|83t} A H-E 6x6x1 mm’
7|= AFsgom, A 29171 stell 0.03 N && 7kshA 74
ollA 250 °C7HA] 2 10°Ce] HER F2A171H TMAS] 9
T (expansion mode)% =73 3T}

2-3-3. R A9

of|FA] B2 71AIA AdAlel| dial] Sk flete] WAl
71(UTM, Universal Testing Machine)= 2] 5}SI T} 174432
Instron 55675 ©]-8-35lo1, ASTM D638el| wheh AlH2] & %5 31
Aok &, AES HHE-S 10 mme] £52 ol FA S48}
Stk Al g JEE ASTM D638 EFRIS] 1128 mEkor,
AE F 1] AEE Alzste] HHE S3Igl)

2-3-4. FARIARAT

FAPAAE U7 (SEM, Scanning Electron Microscopy)= A-3-5}
o oZAl VS o] Aejzhe] B4 AE W shehHe] BE
ZAE RIS AR FARATI A Jeol®] JSM-6701F] ™,
200~1,600 Hi7HA] EFI3IT. 247ke] AAEEE Aol sEk
T A &, ghdsielar shdae o|u|#] &4 $18), Pr-PdE T
et

3-1. €8 =4

2 AFeMs oFA] BT Al Faide Fos] $Iste]
AEAL] 3 FRR op) W )
d AFAR H7FEES #4357 $l4ll, DSCE o]8-3te] ofn|i W
3 AFALE] ke i ol FA] HitAle] dF] 543 A8

Fig. 2= op|ic W4 AZAke] ghegel] mhE fejxol 2wl ¥
s} AvpEA, opu)i WA AEARS] gheFo] 0 phrellA] 5 phr WIS
of whet 149 °CollA] 122 °C7HA] 7hAasigict. ofelet > A5k
= A7t o]de] v AAel Ak 15]. Sl FEAIGA S -

oX,
1>
J

2
o
N
)
ol
ol
32
iui
2
=)
b
E



MEMS 28 %A Bale] ofvle WY A5 H7le] ol

160

150

140 S

130 -

120

110+

Glass transition temperature (°C)

100 T v T T T T T T ¥ T T
0 1 2 3 4 5
AMS contents (phr)
Fig. 2. Tg of epoxy/siloxane composites with AMS contents.
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Fig. 4. Schematic for properties of AMS/epoxy composites.
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Fig. 5. Modulus of epoxy/siloxane composites with AMS contents.

ghe AEAke] g AR Q8 fejdolmst st Zlow
woix, o9} 7he- ES Fig, 4of] a7 07 LER)IT

32. 7IA4® 24

Fig. 5= ollEA] =219} ZH3kAl 128]ar opv| wig AZAs 3
713t oZA] B3A Q) mEHAS veR] Rojd, 7k AZ T 53
St AL A2 Qelste] YRl S0k 1
yielojrt. ol W4 AFAke] o] 0 phrollA] 5 phe7kA] S7F
Shol wle} BEEA= 2,425 MPaollA] 2,143 MPaZkA| 7H4513it)
Ol olZA] Aol E3he opu| WA Asake] fdst g
2 QIsle] =3t ol FAe] Ao vlal, Kok fA%t dHS

7= Aoz B} o]= Fig. 62] SEM 44 3}ollA] ghelgh
T Szl =l of| ZA] AlH ] IR (Fig. 6a)y 2328 543
(brittle property) S 3l wij11e]e EWS YERNE v, ASAE
/eNZA] B3] S Fig. 6b)2] B-9-ols A8 ofv]e WA

A2k Ytz WFzAdo] ddd A0 549 AR s 7
A= Ao ghddt 4= Qi o) & AFAake] H7ER ko] U
T2 Y moE Hol: EF A e} dXs15].
of|FAGAof] ofn) i WA AEARS] §HF St whet AR
T ke STV A RAITHFig. 7). obvlx WA AFAke
FAT 27} 2 GAHES 2 HER 5 AFAT 7R
AHHERTE AEANCNEA] 53] GbFEo] Hol|= 210

Korean Chem. Eng. Res., Vol. 47, No. 2, April, 2009



206

(b) Epoxy + siloxane

Fig. 6. SEM micrographs of fractured neat epoxy and epoxy/siloxane

composite.
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Fig. 7. CTE of epoxy/siloxane composites with AMS contents.
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