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ABSTRACT

The curing characteristics of naphthalene type epoxy resin systems according to the change of curing agent were
investigated to develop a new next-generation EMC(Epoxy Molding Compound) with excellent warpage
characteristics, low thermal expansion, and excellent fluidity for WLP(Wafer Level Package). As epoxy resins,
DGEBA, which are representative bisphenol type epoxy resins, NE-16, which are the base resins of naphthalene type
epoxy resins, and NET-OH, NET-MA, and NET-Epoxy resins newly synthesized based on NE-16 were used. As a
curing agent, DDM (Diamino Diphenyl Methane) and CBN resin with naphthalene moiety were used. The curing
reaction characteristics of these epoxy resin systems with curing agents were analyzed through thermal analysis
experiments. In terms of curing reaction mechanism, DGEBA and NET-OH resin systems follow the nth curing
reaction mechanism, and NE-16, NET-MA and NET-Epoxy resin systems follow the autocatalytic curing reaction
mechanism in the case of epoxy resin systems using DDM as curing agent. On the other hand, it was found that all of
them showed the nth curing reaction mechanism in the case of epoxy resin systems using CBN as the curing agent.
Comparing the curing reaction rate, the epoxy resin systems using CBN as the curing agent showed a faster curing
reaction rate than them with DDM as a hardener in the case of DGEBA and NET-OH epoxy resin systems following
the same nth curing reaction mechanism, and the epoxy resin systems with a different curing mechanism using CBN
as a curing agent showed a faster curing reaction rate than DDM hardener systems except for the NE-16 epoxy resin
system. These reasons were comparatively explained using the reaction rate parameters obtained through thermal
analysis experiments. Based on these results, low thermal expansion, warpage reduction, and curing reaction rate in

the epoxy resin systems can be improved by using CBN curing agent with a naphthalene moiety.
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Fig. 1. Process flow for a typical fan-out WLCSP.
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Table 2. n-th Order Cure Kinetic Parameters of the Epoxy Resin Systems with DDM as a Hardener

Epoxy Resin

T(C)

ki (s

Temperature dependency

n

of the rate constant (Avg.)
120 1.06x1073 1.49 19.53 0.59
130 2.09x107 142 24.16 0.81 - 7
DGEBA . k= 1.37x10 151
140 3.32x10° 1.51 37.01 0.86 exp(-7.60x10%)/RT
150  5.66x103 1.61 28.39 0.90
120 272x103 222 13.49 0.55
130 4.00x103  2.17 15.71 0.62 - 4
NET-OH . k= 1.29x10 225
140 5.74x103 2.17 12.72 0.64 exp(-5.02 x10%)/RT
150 8.09x10° 242 33.14 0.75
Table 3. Autocatalytic Cure Kinetic Parameters of the Epoxy Resin Systems with DDM as a Hardener
Epoxy Temperature m "
. TCC)  ki(sh ka (s m n C Qe dependency
Resin of the rate constant (Avg)  (Avg)
120 128x10% 9.85x10% 1.16 197 7670 085 ki =1.27x10!
130 129x10°  1.53x102 121 203 5549 085  exp(-3.05x10%RT)
NE-16 R S 0.9 098  1.80
140  131x10%  1.54x102 081 1.66  68.62 : K= 1.42x10!
150 2.69x10%  1.72x102 075 155 10249 096  exp(-2.34x10%RT)
120 1.80x10* 1.90x10° 154 208 2418 084 ki = 8.91x10°
NEL 130 200x10* 129x10° 097 165 1429 092  exp(-383x10%RT) s 1
MA = 140 430x10%  228x10° 127 181 1063 097 4402
150 5.70x10*  232x10% 093 158 1466  1.00  exp(-1.03x10%RT)
120 6.10x10* 562x10° 122 187 1561  0.80 ki =2.31x10?
NEL 130 LI6x10° 898x10° 135 205 3033 085  exp(-4.16x10%RT) 5 1
Epoxy 140  121x10° 898x10° 080 162 1752 082 ko= 3.28x10°
150 1.63x10°  9.12x10% 075 150 1546 087  exp(-2.04x10%RT)
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Table 4. n-th Order Cure Kinetic Parameters of the Epoxy Resin Systems with CBN as a Hardener

Temperature n
Epoxy Resin ~ T(C) ki (s n C ac dependency (Ave)
of the rate constant &
120 6.00x107 1.25 95.52 0.85
130 1.04x107 0.70 36.57 0.87 - 8
DGEBA k= 1.78x10 0.88
140 1.96x102 0.71 3551 0.87 exp(-7.89x10%)/RT
150 3.25x107 0.87 4876 0.90
120 1.00x1073 4.50 89.27 0.32
130 2.30x107 443 90.39 0.34 - 0
NE-16 k=143x10 430
140 5.16x103 4.93 85.69 0.36 exp(-9.12x10%)/RT
150 6.82x107 4.07 100.42 0.40
120 2.23x10? 4.68 19.33 0.74
130 3.25x107 4.89 2277 0.76 - 3
NET-OH k=281x10 453
140 4.08x102 4.48 27.47 0.78 exp(-3.83 x10%)/RT
150 5.19x107 4.07 12.29 0.79
120 1.97x107 0.60 15.14 0.70
130 5.15x107 1.00 13.91 0.71 _ 1
NET-MA k 3'31"1? 1.40
140 1.46x102 1.92 13.60 0.77 exp(-1.07x10°)/RT
150 1.80x107 2.10 8.49 0.98
120 4.00x107 248 69.18 0.65
130 9.16x10° 248 101.77 0.70 - 8
NET-Epoxy k= 1.04x10 228
140 1.16x10? 224 59.19 0.71 exp(-7.82 x10%)/RT
150 2.43x107 1.93 81.91 0.73
o ALyt Z713hE HojRa Qled| o] A3EE Epoxy Resin Systemo] DDM ZAS}A| Ko}t W2 0]-9-2 Table 2
o] zpol7p AA] 2 73, ZTEE Mechanismol] Z3HE - 9} Table 42] 7 SMHH-3-4 % Parameter 2 H]wste] AYzZhet

$4E7) o SJERe HolE Itk A7 ot 4 Stk
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