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Cure Characteristics of Ethoxysilyl Bisphenol A Type Epoxy Resin
Systems for Next Generation Semiconductor Packaging Materials
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ABSTRACT

The cure properties of ethoxysilyl bisphenol A type epoxy resin (Ethoxysilyl-DGEBA) systems with different
hardeners were investigated, comparing with DGEBA and Diallyl-DGEBA epoxy resin systems. The cure kinetics of
these systems were analyzed by differential scanning calorimetry with an isothermal approach, and the kinetic
parameters of all systems were reported in generalized kinetic equations with diffusion effects. The Ethoxysilyl-
DGEBA epoxy resin system showed lower cure conversion rates than DGEBA and Diallyl-DGEBA epoxy resin
systems. The conversion rates of these epoxy resin systems with DDM hardener are lower than those with HF-1M
hardener. It can be considered that the optimum hardener for Ethoxysilyl-DGEBA epoxy resin system is Phenol
Novolac type. These lower cure conversion rates in the Ethoxysilyl-DGEBA epoxy resin systems could be explained
by the retardation of reaction molecule movements according to the formation of organic-inorganic hybrid network

structure by epoxy and ethoxysilyl group in Ethoxysilyl- DGEBA epoxy resin system.
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Fig. 1. Semiconductor Device Package Trend.
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Fig. 2. Synthetic reaction process of Ethoxysilyl DGEBA.

2. 4 o
2.1 AE2
& TpA|of A ARE-RE Epoxy Resin® g4 4k7 ]
oA Al53t Epoxy Resing ARE-3}Glow, HIA R+
Phenol Novolac Type “d3}A|Q1 HF-IM(Meiwa Kasei Co.)x};

=AY AE o) )& e)x] All6d A2%,2017

Amine Type 73314 <1 DDM (Aldrich Chemical Co.y-2 AME3}F
th[5,6] 733} Zuf 2 =TPP (Triphenylphosphine, Aldrich Chemical
Co) & AH&5I3ITE AE ol A& Epoxy Resin, 4 3HA] 4
So] 0} A2 Table 9] Lol

2.2 AERIZE

2 AsHEA 7] ALSEF Epoxy Resin Sysem®] 242
Epoxy Resin} 34| go] 111 o] Ew 51915, HF-
IM A 2] ALgAlolgk 7Sk 0] TPPE: Iphr (per hundred
rsin) H7FSl ) 7t 2ABE & B8] Slsto] MEK
(Methyl Ehyl Ketone) -840} 31 Thinky Mier (Thinky Co)
AMgslo] AF2 ol N Eesto] welsh folg At o]
A P RoUF fAL Loy AF Azl 9l
MEKETE A7AG &, AsHgo] ol2ojAA] grs
Y5 upetgT

2
°©
ol
°©

23 ZSS NI}

AzE AR B3 EHE B gstel ARE
AeR B4 % AYES DSC okRulE wWo) g, 2t
Aok A 27 5] A TA Isruments A2] A|3}FEAL
SADSC, TAX00)E o]-§3to] Z4stoch Aa 24 5
o4 0CA 25071 STnin®] S 528 54 7
QUL B Sl Mk 2SI, 242 120C,
130°C, 140°C, 150C2] IA &&= XA A] ¥ 52 Ag
2 B WA e T2 VEES ST



M 28 Y= Packaging8 Ethoxysilyl Bisphenol A Type Epoxy Resin System?] Z3}EA] AL 21

Table 1. Chemicals Used in This Study

Grade Structure Remarks
Name
1
.| 'EEW=
DGEBA s T s
Diallyl- | ¢ o | 'EEW=
DGEBA \ \ 310
Ethoxysily b O O {\g\m 'EEW =
|-DGEBA 415
OH OH OH
2
HEW =
HF-1M @@b 107
SAEW=
N U =
TPP @g

'EEW : Epoxy Equivalent Weight(g/equiv.)
“HEW : Hydroxy Equivalent Weight(g/equiv.)
SAEW :Amine Equivalent Weight(g/equiv.)
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Table 2. Kinetic parameters of the epoxy resin systems with HF-1M as a hardener

Temperature
P (S RO k) m on C o dependency G (Ave)
of the rate constant g e
120 0.40x10° 240x10° 162 365 64.07 0.73 k; =5.78x10*
130 097x10° 546x10° 177 402 21.14 0.77 exp(-6.08x10°YRT
DGEBA 1.50 349
140 131x10° 555x10° 145 333 20.58 0.81 ky=2.45x10°
15  15%10°  575x10° 113 295 1792 094 exp(-3.69x10')RT
120 043x10° 572x10° 237 535 11.80 0.63 k; =2.90x10°
Dially- 130 0.88x10° 859x10° 251 420 17.83 0.63 exp(-887x10°YRT 24 434
DGEBA 140 248x10° 955x10° 281 420 1385 0.74 ko= 1.15x10? ’ ’
15 256x10°  99x10° 213 36l 676 0.88 exp(-245x10')RT
120 0.54x10° 237x10° 176 239 23.15 0.79 k= 176x10"
Ethoxy 130 0.63x10° 278x10° 091 251 1826 081 exp(-5.70x10°YRT
Silyl- 1.01 229
DGEBA 140 0.79x10° 360x10° 065 226 8.12 0.83 ko=172x10"
vt
15  201x10°  771x10° 071 200 1518 087 exp(-5.20x10)/RT
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Table 3. Kinetic parameters of the epoxy resin systems with DDM as a hardener

Epoxy Temperature m n
. T(C) ki(s™ k(s m n C [V dependency
Resin of the rate constant (Avg)  (Avg)
120 144x10° - - 1.67 1449 073
130 2.70x10° - - 175 3477 083 _ 4
DGEBA ky 5 gfﬁ)ﬂomT - 1.63
140 346x10° - - 16l 1591 090  exp(-5.64x10)
150  5.15x10° - - 150 15368 098
3 3
120 074x10°  085x10° 286 278 762 0.65 K =7.73x10°
o130 147x10° 203x10° 264 225 1199 065  exp(-3.72x10%RT
Dially:
DGEBA ; ; 212 225
140 150x10°  2.17x10° 166 224 421 0.89 ko=5.13x10°
A,
150 179x10°  487xI0° 130 173 1035 096  SP(73XIOHRT
3 3
120 0.14x10°  160x10° 221 228 47284 08l K =625x10!
Ethoxy 130  0.15x10°  1.93x10° 190 241 13226 088 exp(4.29x10"yRT
Silyl- 236 222
DGEBA 140 020x10°  256x10° 234 187 3546 094 ko= 147x10°
4,
150 036x10°  435x10° 298 231 8029 098  SXPCASIXIOHRT
4. 48 E
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