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Thermophysical Properties of Epoxy Molding Compound for
Microelectronic Packaging
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*Department of Polymer Scienae and Engineering, Hannam University

ABSTRACT

As the high speed and high integration of semiconductor devices and the generation of heat increases resulted in the
effective heat dissipation influences on the performance and lifetime of semiconductor devices. The heat resistance or
heat spread function of EMC(epoxy molding compound) which protects these devices became one of very important
factors in the evaluation of semiconductor chips. Recently, silica, alumina, AIN(aluminum nitride) powders are widely
used as the fillers of EMC. The filler loading in encapsulants was high up to about 80 vol%. A high loading of filler
was improved low water absorption, low stress, high strength, better flowability and high thermal conductivity. In this
study, the thermal properties were investigated through thermal, mechanical and microstructure. Thermophysical properties
were investigated by laser flash and differential scanning calorimeter(DSC). For detailed inspection of materials, the

samples were examined by SEM.
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Table 2. Samples with various volume fraction of filler.

d Material Filler Matrix Filler
Lea volume% Epoxy type
Bonding wire IC chip N-1 63.0 Novolac  Fused silica
r—m' - - Epoxy mold
eat flux - X\ compound N-2 68.2 " "
/ " "
Lead N-3 71.0
N-4 72.4 " "
1 B-1 . iph "
1 - y Tl 73.8 Biphenyl
) ) N B-2 752 " "
Solder Die adhesive Die pad Substrate
Fig. 1. Typical structure of semiconductor device packaged el 724 Novolac Crystalline
by EMC and route of heat transfer in device. S-1 40.0 ! silica
S-2 50.0 " "
2. A = S-3 60.0 " "
S-4 70.0 " "

2.1. A8
EMCE Table 128 o ZA)1 8 FAER 3o ZhE

Table 3. EMC samples for post curing time and condition.

Rl 2 A ZE 1A oAUttt o EA | 71AA, Post curing Transfer ~ Transfer  Transfer
9 54 S doted YR TAARE A Sy mold mold temp. - pressury
2 o]&3it}. Table 20 £ A E=novolocd 3} cure fime ¢ keflem
biphenyl¥ 741 & ABEGow, £/ FRAzAe MO - 1205 A3 100
fused silica®} crystalline silica® AHE3}A T oluf & EMC-2 1h " ! !
QA9 ool 2 FFe e L} 2o 7:39)  EMC3 2k ' ' '

v g2 oy YAty 271w 2~40 ume ALt EMC-4 4h " " "
Table 1. Composition of typical EMC.

Material Remarks Weight %
Epoxy Binder 8~15
Filler Improving strength, Low CTE,Thermal conductivity 70~90
Hardner Curing agent 4~10
Br-Epoxy Organic flame retardant 2>
Sb,03 Inorganic flame retardant 3>
Coupling agent Adhesion between filler and organic materials 1>
Accelerator Accelerating reaction of epoxy with hardner 1>
Flexibilizer Lowering thermal stress 5>
Wax Releasing agent for workability,Improving degree of mixing 2>
Colorant Coloring 1>
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Fig. 2. SEM micrograph of silica filled EMC. Upper : Fused
silica(N-4), Lower:Crystalline silica(C-1).

b

Table 4. Experimental thermophysical properties of EMC.

Thermal Specific heat
Sample  conductivity capacity ><1C01:5K

W/(mK) J/(gK)
N-1 0.778 0.8551 16.4
N-2 0.837 0.8415 15.2
N-3 0.884 0.8357 13.6
N-4 0.880 0.8196 13.3
B-1 0.934 0.8258 13.0
B-2 0.940 0.8107 12.0
C-1 1.733 0.8700 319
S-1 0.778 0.9671 55.6
S-2 1.064 0.9216 40.8
S-3 1.628 0.8700 352
S-4 2.155 0.8356 29.6
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Fig. 3. Thermal conductivity of EMC with model values.
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Fig. 4. Coefficient of thermal expansion(CTE) of EMC.
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Fig. 5. Storage modulus and glass transion temperature of
EMC as a function of volume fraction of filler.
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Table 5. Thermophysical properties of EMC with post curing

condition.

Densi Specific heat Thermal Thermal
Sample s §y capacity  diffusivity conductivity

g/em J(@EK) — x107m¥s  W/mK)
EMC-1 1.6539 0.9080 4.25 0.638
EMC-2 1.7157 0.9078 4.08 0.635
EMC-3 1.7212 0.9084 4.05 0.634
EMC-4 1.7270 0.9147 3.55 0.560
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