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Cure Characteristics of Naphthalene Type Epoxy Resins for SEMC
(Sheet Epoxy Molding Compound) for WLP (Wafer Level Package)
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ABSTRACT

The cure characteristics of three kinds of naphthalene type epoxy resins(NET-OH, NET-MA, NET-Epoxy) with a
2-methyl imidazole(2MI) catalyst were investigated for preparing sheet epoxy molding compound(SEMC) for wafer
level package(WLP) applications, comparing with diglycidyl ether of bisphenol-A(DGEBA) and 1,6-naphthalenediol
diglycidyl ether(NE-16) epoxy resin. 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 NET-OH epoxy resin represented an n-th order cure mechanism as like
NE-16 and DGEBA epoxy resins, however, the NET-MA and NET-Epoxy resins showed an autocatalytic cure
mechanism. The NET-OH and NET-Epoxy resins showed higher cure conversion rates than DGEBA and NE-16
epoxy resins, however, the lowest cure conversion rates can be seen in the NET-MA epoxy resin. Although the NET-
Epoxy and NET-MA epoxy resins represented higher cure reaction conversions comparing with DGEBA and NE-16
resins, the NET-OH showed the lowest cure reaction conversions. It can be figured out by kinetic parameter analysis
that the lowest cure conversion rates of the NET-MA epoxy resin are caused by lower collision frequency factor, and
the lowest cure reaction conversions of the NET-OH are due to the earlier network structures formation according to
lowest critical cure conversion.
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Fig. 1. The Schematic Diagram of Naphthalene Type Epoxy
Resins Used in This Study.

NET-Epoxy

714 ti= AR m, nd Epoxy2] 9] BESAb ki, ke &
EA Ce AlAE AolaL o YANRS A ol
NE-163} DGEBA Epoxy <=%| 9] 7 2}5/4J3} vlas) Rk
< W NETFOH= W]l Epoxy 4|2 SUgt nal 7}
Mechanism< w2+ HHH, NETMAS®} NET-Epoxy 44|+
Autocatalytic 78} Mechanismoi] 28} 78} wh-g-o] Z¥H&
HojErh EJF HoksE: SHolA vlas] 2 NEFMA
A9 LT AlY =2 A 3 3L, NETEpoxy
FAoA A We&ES HojErth NETOHS 79+
150C2f o] ok =7} obA ™ NE-167+ DGEBA 4]
off wls} FIEETE Sl W 2Eolhe 1A

[elKe) <
HSE o 4 9lek

Al (D QE AHE-8Ho] 2+ Epoxy 24| 9] WS4 AF
£ F-33lth Fig 30l ZEpoxy =A]of thsto] 4 (1) 4} (2)
9] BFSELE Al o]gdto] AAME olE Fa whEXIA
EO] AEgE 25 HE vaste] YeRY gl Fg 3 of
Al BZo] BE WS 2% oA AE ¢} o] A7}
2 AR & 4= Stk B35 o2 A AlAkE 559] Epoxy
=)o tfste] nx} % 3HRE-g- Mechanism-2 LER= NE-16,
NETL:OH, DGBA 4:%]¢] WFe-4% Pamameter= Table 19},
Autocatalytic 7 ZHHS- mechanisme Ho]S= NELMAS}
NET-Epoxy 4:4]9] HF-S-2% Parameter’= Table 20| 2]}
sk

Table 194 50| n&} 73} Mechanism2 w2 NET
OHO] 7342 ParameterS NE-161} DGEBA 4:%|9} 1|1l
S, A3} o YA|7 & NEFOH =4 9] H3k& e 3
7h= Anthenius 41| Frequency Factor®] H]2F2] Z7}o] 7]<1
ghekal @ 4= SlTh Fg 194 E2o] NETOHQ] 30 o]




WLP(Wafer Level Package) 282 ¢t

SEMC(Sheet Epoxy Molding Compounds)-8- Naphthalene Type Epoxy 4% 2] Z3}&

ATt 31

124
Q
S 10
X
c
S
T 81
[
Q
14
G 64
L
@
c 47
o
[4
g 24
f=4
o
o
o <
T T T T
0.0 0.2 04 0.6 0.8
Conversion of Reaction(c)
(@)NE-16
3.0

Conversion Rate of Reaction(x10”/s)

T T T
0.4 0.6

Conversion of Reaction(a)

(©NEEMA

0.0 0.2

20

Q
g 154 —150°C
‘g’ ——————— 140 °C
5 130°C
@ o,
o N 120°C
x 104
k]
[0}
T
14
S
2 54
9]
>
[=
o —
(&) ~.

0 T T T

0.4 0.6 0.8
Conversion of Reaction(a)
(b)NET-OH
25

Conversion Rate of Reaction(x10°/s)

N
=}
1

T
0.6

T
0.4
Conversion of Reaction(a)

() NET-Epoxy

Conversion Rate of Reaction(x10%s)

T
0.6
Conversion of Reaction(c)

() DGEBA

0.2 04

Fig. 2. Isothermal conversion rates as a function of the conversion of the epoxy resins with 2MI as a catalyst:

(a) NE-16 (b) NET-OH (c) NET-MA (d) NET-Epoxy (¢) DGEBA.
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Table 1. n-th Order Cure Kinetic Parameters of the Epoxy Resin Systems with 2MI as a Catalyst

Temperature dependency n

i T(C <
Epoxy Resin () ki) n ¢ % of the rate constant (Avg)
120 928x103 133 4052 075
130 133x102 162 2516 0.74 _ |
NE.I6 k=5.67x10 179
140 1.67x102 2.00 17.09 0.77 exp(:2.82x10°yRT
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130 136x102 291 3524 054 _ 1
NET-OH k=105x10 298
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DGEBA k=140:10* 181
140 9.04x103 161 19.04 0.76 exp(4.87x10yRT
150 1.57x102 195 1278 082
Table 2. Autocatalytic Cure Kinetic Parameters of the Epoxy Resin Systems with 2MI as a Catalyst
Epory O ki ka(s™) m n C o e dependency - m "
Resin of the rate constant (Avg) (Avg)
3
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