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ABSTRACT

The cure properties of ethoxysilyl diglycidyl isocyanurate(Ethoxysilyl-DGIC) and ethylsilyl diglycidyl isocyanurate
(Ethylsilyl-DGIC) epoxy resin systems with a phenol novolac hardener were investigated for anticipating fan out-wafer
level package(FO-WLP) applications, comparing with ethoxysilyl diglycidyl ether of bisphenol-A(Ethoxysilyl-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 isocyanurate type epoxy resin systems represented the higher cure conversion rates comparing
with bisphenol-A type epoxy resin systems. The Ethoxysilyl-DGIC epoxy resin system showed the highest cure
conversion rates than Ethylsilyl-DGIC and Ethoxysilyl-DGEBA epoxy resin systems. It can be figured out by kinetic
parameter analysis that the highest conversion rates of Ethoxysilyl-DGIC epoxy resin system are caused by higher
collision frequency factor. However, the cure conversion rate increases of the Ethylsilyl-DGEBA comparing with
Ethoxysilyl-DGEBA are due to the lower activation energy of Ethylsilyl-DGIC. These higher cure conversion rates in
the isocyanurate type epoxy resin systems could be explained by the improvements of reaction molecule movements
according to the compact structure of isocyanurate epoxy resin.
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Fig. 1. Synthetic reaction process of Ethoxysilyl-DGIC and
Ethylsilyl-DGIC.

735A| 2= Phenol Novolac Type 73814101 HF-IM(Meiwa Kasei
Co)& AME3I9ILE: 743t S| ==TPP (Tiiphenylphosphine, Aldrich
Chemical Co.) & AMS3}3ICE Aol A8 Epoxy Resin, 214
9 Zoljo] ALx0k E4S Table 10]] LFERASICE

22 NBAZE

. A3EA] odol] A8 Epoxy Resin System] 42 218
of AM8%¥ FEEpoxy Resin®] Epoxy B3} HF-IM73lA<]
Hydroxyl'do] 1:1 o] ¥]%==F 51911, 755wl TPPE: Iphr(per
hundred resin) F7FBICE 78 2PES & 5] S8
MEK(Methyl Ethyl Ketone) -8of] 237 Thinky Mixer(Thinky Co)
S ALE31e] Aeolla] E-sle] Ut 89S A3 o)A

o 12 v

WA 2 Z o]/l 4187 A1, 2019

Table 1. Chemicals Used in This Study
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Fig. 2. Isothermal conversion rate as a function of the
conversion of the epoxy resin systems with HF-1M
as a hardener: (a)Ethoxysilyl-DGIC (b)Ethylsilyl-
DGIC (c) Ethoxysilyl-DGEBA.
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Fig. 3. Comparisons between the experimental values of o and theoretical values obtained from the generalized kinetic
model for the epoxy resin systems with HF-1M as a hardener: (a) Ethoxysilyl-DGIC (b) Ethylsilyl-DGIC

(c )Ethoxysilyl-DGEBA.

Table 2. Kinetic parameters of the epoxy resin systems with HF-1M as a hardener

Epoxy poy k) k@) 9m o C " lel;:lgzgf; m t
Resin of the rate constant (Avg)  (Ave)
120 1.00x10°  230x10° 175 116 970 033  ki=250x10°
Ethoxy 130 202x10° 268x10° 164 364 3035 061 CXPCO3IXIOVRT)
SIVE 40 204x10° 368x10° 184 184 901 075 B3t 219
DGIC ko=2.15x10"7
150 457x10°  856x10° 001 212 5916 083 oo ) $109RT)
120 097x10°  058x10° 154 224 2613 082  ki=136x10°
Byl 130 1.02x10° 075x10° 118 206 2926 091 SXP(A67xI0YRT)
SIVE 140 139x10° 091x10° 131 199 4380 092 164 212
DGIC ke=871x10
150 273x10°  L16x10° 251 209 5039 099 oxi31axiovRT)
By 12 0.54x10%  237x10° 176 239 2315 079  ki=176xI0}
sy, 130 063x107 278x10% 091 251 1826 08I exp(-5.70x10YRT) ot
DGEB 140  0.79x10° 3.60x10° 065 226 812 083 ' ‘
A ko= 1.72x10*
150 201x10°  771X10° 071 200 1518 087 ey 520x10%RT)
ol A WARE TS Epoxy RS ZH= 229 DGIC  DGIC System©l|A] Frequency Factor®] 2717} thepde}. o]}

Epoxy System®] 79, ¥H-g-2H m¥ine B|S=8fal 23}
AdA= 23] Ethylily-DGIC7} Sgofl e E+tskal A
A 75k W84} EthoxysilylDGICO] B3| W& o]-f=
FASE 5o Zpolof 7]Rlgtt 53] ko] EASE
&5 YeEPl= Frequency Factor7}  Ethoxysilyl-DGIC
Systemof| A w9~ F-& & = Utk & TheEef wh3o] &
o] gt Ethoxy Group®] ¥-§-/d F7tol whet 57] okt 29
FAE BolstA st AAH o R RREEES] FUHE B
ol AZEE 4= Qlrk o] 2 FOf WL ki H]

0 1
o, ko] ALRTHE 2ozt AT oA Ehowysiy-

WA 2 Z o]/l 4187 A1, 2019

o] 22 DGIC Epoxy 24| &5 b= Ethoxysily- DGIC 2}
Ethyl-DGIC Epoxy Resin Systemo]| 4] 2] Ethoxysily-DGIC 2] H1-g-
& $7h= 9780l Hold Ethoxy Group2] BH-7] =
of g ZASE e S7tl 7Idske Aor e
Fok -2 Ethoxy Groupg EZ35HA|RE thE Epoxy 125
Z+= Ethoxysily-DGIC} Ethoxysily-DGEBA 2] 7-9-0f| =, DGIC
system @] 3L F7HS = o ATk Table 104 Hzo] &
A7} AA Epoxy @EFo] BisphenotA %2 DGEBA
System©] Tsocyanurate %] DGIC System =t} B| 2 243}
o Al= 2|k Bulky$t DGEBA System®] ZA4k2-5-0] 7



FO-WLP(Fan Out-Wafer Level Package) XAl HF=4)| Packaging -8 Isocyanurate Type Epoxy Resin System 2] ASIEA AL 69

222 Compactdt 22| DGIC sysemlith 2] 2=, BE
$ $EAES7} Uastel 141422 DGEBA Syseme] 7
Subg4E sl Uehdoha st guze 28
o2 28719} o2 Epoxy 25 24 EthyliytDGIC €}
Ethoxysily-DGEBA Epoxy Resin System®] H|wo]th o] F
System®] 748k Ie+= BthyksilylDGIC System©] © 57Fsh=
o, o] & System®| WH-g-%1= ParameterS H]w i Wk
& s 2512 EthoxysilybDGEBA System ©] © &7
UERLFAL Qlef 122 Ehylsiy-DGIC] 7 opit-g-<5= 2]
%7H= Frequency Factor 2911 Th= Ethylsily-DGIC System 2]
2 248} oA ofl 7]0gkE & 4 ok

4.4

24 E

M= A FO-WLP -8 Packaging A 24 A 944
3t 9 WEAo] L3t Siyl 715 2= Isocyanurate Type Epoxy
Resin Syseme] 31542 2AFBHeITh 2 47)] A3HE4
< 7129 Ethoxysilyl-DGEBA Epoxy Resin®} B| wl.E-45}17] ¢
5} Phenol Novolac 733141 & AH8-3F Epoxy Resin System-2- A|
2310l AR ABL Folo] ATHISEES BASIT
733} W34 ol A Ethoxysily-DGIC Epoxy Resin System©]

£ 5 &5 Epoxy Resin System 2t} w2 73} BES-&E
= wo] Z9ir}, ol2j3t HheLE o] 27} glo R folet
I 7kl WA o] Flofid Ethoxy Group} DGEBA Epoxy
of Hls§ g Bulkydtil Compactdt +2E5 714l Isocyanurate
Type Epoxy Resin®] E=QJO &2 WRG-EA7Ee] ZER =47}
Eopglo] 7|Qlsk= AR HHETh

o] AEthoxysilyl 7|2} Isocyanurate Type2] Epoxy Resing
Edgho R §-77] B4 ZHsNawok 7ol F4o]
Thsstol SRS, Wapage AEHES] 4B T
$4529] F71ol T A2 F4o] B2 T Compreson
ol gt FO-WLPAIA|T] HI=A4- Epoxy 4=4] A3
Az Aol S8 = Y ACE AeHT:

ZAel =2

B 20199 % AAE . wde] Ao 9
sto] o]FolFFULE EZF 2 AFE fIste] AlEAlE
2 o] EE FA A EATE HEol uhabg
AE Ao WS =gyt

o2
rar

s

1. Fan, XJ., and et al, “Design and Optimization of
Thermo-mechanical ~Reliability in Wafer Level
Packaging,” Microelectronics Reliability, Vol. 50, pp.
536~546, 2010.

2. Nakajima, H., Semiconductor Packaging Technical
Annual Report 2014, Tokyo, Japan: Nikkei BP Co., pp.
9-22.

3. Lancaster A., and Keswani, M., “Integrated Circuit
Packaging Review with an Emphasis on 3D Packaging,”
Integration, the VLSI journal, Vol. 60, pp 204~212, 2018.

4. Chiu, T, and Yeh, E., “Warpage Simulation for the
Reconstituted Wafer Used in Fan-out Wafer Level
Packaging,” Microelectronics Reliability, Vol. 80,
pp-14-23, 2018.

5. Kim, W.G., and Chun, H., “Cure Properties of
Alkoxysilylated Epoxy Resin Systems with Hardeners
for Semiconductor Packaging Materials,” Molecular
Crystals and Liquid Crystals, Vol. 636, Issue. 1, pp.
107-116, 2016.

6. Kim, W.G.,, “Cure Characteristics of Ethoxysilyl
Bisphenol A Type Epoxy Resin Systems for Next
Generation Semiconductor Packaging Materials,” J. of
the Semiconductor & Display Technology, Vol. 16, pp.
19-26,2017.

7. Chun, H. and et al., “The Isocyanurate Epoxy Compounds
with Alkoxysilyl Group, and a method for the preparation
thereof,” Korea Patent 10-1456025(Registered Patent)

8. Kim, W.G., and Chun, H., “Cure Properties of
Naphthalene-Base Epoxy Resin Systems with Hardeners
and Latent Catalysts for Semiconductor Packaging
Materials,” Molecular Crystals and Liquid Crystals, Vol.
579, pp.39-49, 2013.

9. Kim, W.G.,, and Lee, Y., “Contributions of the
Network Structure to the Cure Kinetics of Epoxy Resin
Systems According to the Change of Hardeners,”
Polymer, Vol. 43, pp. 5713-5722, 2002.

10. Ryu, J.H., Choi, K.S., and W.G. Kim, “Latent Catalyst
Effects in Halogen-Free Epoxy Molding Compounds
for Semiconductor Encapsulation,” J. Applied Polymer
Science, Vol. 96, pp. 2287-2299, 2005.

A4 20199 3¢Y 6, HAMY: 20194 3¢ 174,
A4 L: 20199 3Y 219

Journal of KSDT Vol. 18, No. 1, 2019



