J. of Korean Ind. & Eng. Chemistry,
Vol.8, No.3, June 1997, 533-542

234 Si0; % EMC(Epoxy Molding Compounds)ZX|X{2]
NExEA Y S4of| st A7

Studies on Molding Conditions and Physical Properties of EMC(Epoxy Molding
Compounds) filled with Crystalline SiO, for Microelectronic Encapsulation

Wonho Kim, Jong-Woo Bae, Ho-young Kang, Moo-Jung Lee, and 1I-Dong Choi*

Dept. of Chemical Engineering, Pusan National Univ., Pusan 609-735, Korea
*Dept. of Materials Engineering, Korea Maritime Univ., Pusan 606-791, Korea
(Received March 28, 1997, Accepted May 21, 1997)

2 o 52 A9 n&d, TYTH FFOR Ash WEA $AA FA54L ALY AHH S 9L wAY,
we Aol AYHE B Ao FBL Fr T 01 F2 dA7t 91 ek ARHoR AUAA wEA B Az
o Qo] A F27 S %o KNSR B GUEE, AUHon we GRS, RS AZW Soith B ATy
£ %A BAAY Dy5HE A8 AEN 2 FAAZA 294 AE A8, T A5t Lok $9F 60~T0%
9o, ok Hold BAE R WEA BAAE AZT + UsS AU, EP o] A BN BEA BAAS 4B2

Az 248 + A4

Abstract @ Due to the trends of faster and denser circuit design, dielectric properties of packaging materials for
semiconductor will give a greater influence on performance and reliability. Also as chip becomes more densified, thermal
dissipation becomes a critical reliability issue. Consequently, four important properties for manufacturing semiconductor
packaging materials are low values of dielectric constant, high values of thermal conductivity, relatively low values of
thermal expansion coefficient and low cost. Thus, in this study, to achieve increased performance of EMC, crystalline silica
was selected as the filler for epoxy matrix. As a result, when the volume percent of crystal silica was 60~70%, good
properties as packaging materials for semiconductor were achieved. In addition, overall molding condition of EMC in this
experiment was established.
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Table 1. The Physical Properties of Silica Fillers and
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2.3. Basic Recipe

Novolac Type2] ZA|9} Phenol Novolac 73HA],
Si0; Z3AE 247 Base A9 FAAZ AME3}YE
79 Epoxy Molding Compounds %4& th&1 go]
A3 AcH2).

Material wt(%)
Novolac Epoxy Resin(ECN) 7~30
Phenol Novolac Hardner(PN) 35~15
Catalyst 1~0.75PHR
Inorganic Filler(Cryst. SiOs) 50~85
Mold Release Agent MAX. 05
Coupling Agent 05~1.0
Stress-Relief Additive MAX. 05
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Fig. 1. Schematic diagram of two-roll milling machine.
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Fig. 2. Manufacturing process for EMC.
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Fig. 3. Schematic diagram of transfer molding machine.
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Fig. 5. DSC thermogram during curing of EMC.

Table 2. Analytical Data of DSC Thermogram with
Surface Temperature of Mixing Machine

—Surface Temp.
uncured| 70C 0T | 120T
Properties

Initiate Temperature 70C 70T 80°C 80T

Reaction Temp.

140C | 140C | 140TC -
for Activator(Ty)

Max. Exothermal

Temp.(Tex) 26T | 180T }167.3C | 1672TC

Time for Tew (mins) 12 10 9.15 9.13

Terminated Reacti
crmmated Feacon 1 omoc | 250C | 45T | 240C

Temp.(Ty)

Workability - Bad Good | Good

Degree of Curing - - 012% | 36%
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Fig. 6. Filler dispersion of EMC with mixing time.
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Fig. 9. Rheological properties of EMC filled with SiO;.
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Fig. 11. Dielectric constant of EMC filled with SiO».
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3.7. Coefficient of Thermal Expansion
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Fig. 13. Thermal expansion ratio of EMC filled SiO
with temperature.

Table 3. Coefficient of Thermal Expansion a) and a;

as a Function of Filler Volume Percent

C.T.E
Filler Volume a (X107 | ay(x107)
Fraction(%)

40 495 833

50 394 8.8

60 40.09 733

70 305 721
o] EMCE o] 8F2AL £5A4711 938 ¢ & 3
ot 28y FAA9 F23 FHA HAIY EF L @

4.8
) ¥ 4738 53 Azxd 234 S0 I EMCH
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4N zZre] ZAZAN S ZEE 819 Yol &
=7} 100ColA 180TE F718te gy EAFEES 93
ZA37F vz Zade & F U o] A o2
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Nomenclature

A . Area of disk type specimen
c : Capacitance
d : Thickness of disk type specimen
E, . E' in Vacuum ( 8.85pF/m )
f . functionality of prepolymer
H - Overall Heat of Reaction
H(? : Heat of Reaction at t-Time
k . Dielectric Constants
kr : Thermal Conductivity of Composites
ki . Thermal Conductivity of Z Components
. Length of capillary
4L : Change in Length of test specimen due to
heating
L, . Length of test specimen at room temperature
4P . overall pressure drop
Q : Volumetric flow rate
R . Diameter of capillary
AT . Temperature difference
a : Coefficient of linear thermal expansion per

degree Celsius

D; : Volume Fraction of ¢ Components
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