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A numerical study on the residual stress in LED encapsulment
silicone after curing and cooling

M. J. Song, K. H. Kim, J. J. Kang, H. K. Kim

Abstract

Silicone is recently used for LED chip encapsulment due to its good thermal stability and optical transmittance. To
mold a solid-state silicone encapsulment, curing by mixing at elevated temperatures followed by cooling is necessary. As
the silicone molding process is involved in heating and subsequent cooling, the thermal residual stress, which causes
mechanical warpage or optical birefringence in the final silicone encapsulment, may be induced if there are non-
uniformities in cured silicone material properties or encapsulment shape design. The prediction of residual stress is
necessary to design a high-quality silicone molding process. Therefore, in the present paper, a numerical parametric study
was attempted to evaluate the heating and cooling effects on the thermal residual stress induced in the cured silicone.
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Fig. 1 Analysis model of silicone encapsulment
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Fig. 2 Silicone molding process : (a) attaching molded

silicone part to lower mold. (b) attaching molded
silicone part to upper mold.
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Table 1 Material property of silicone polymer

D (p) 1290 Kg/m™3
AEE(K) 0.311W/m K
8] 4(Cp) 4.581 J/kg X
A ATE) 3e+009N/m?2
FoFH|(v) 0.37

A3 A S(CTE) | 6e-005/Kdeg
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Fig. 3 Assumed different elastic modulus
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Fig. 4 Effective stress analysis results: (a) constant
elastic modulus (b)different elastic modulus
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Fig. S Effective stress plot along radius direction
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Fig. 6 Effective stress analysis results: (a) constant
elastic modulus (b)different elastic modulus
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Fig. 7 Effective stress plot along radius direction
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Table 2. Max. residual stress of different condition

Cooling process condition Max. Stress
(MPa)
Lower mold fixed (constant E) 117.5
Lower mold fixed (different E) 112.6
Upper mold fixed (constant E) 63.5
Upper mold fixed (different E) 58.5
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