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A cure process modeling of LED encapsulant silicone
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Abstract : Silicone is recently used for LED chip encapsulment due to its good thermal stability and optical transmittance.
In order to predict residual stress which causes optical briefringence and mechanical warpage of silicone, finite element
analysis was conducted for both curing and cooling process during silicone molding. For analysis of curing process, a
cure kinetics model was derived based on the differential scanning calorimetry(DSC) test and applied to the material
properties for finite element analysis. Finite element simulation result showed that the curing as well as the cooling
process should be designed carefully so as to reduce the residual stress although the cooling process plays the bigger role
than curing process in determining the final residual stress state. In addition, birefringence experiment was carried out in
order to observe residual stress distribution. Experimental results showed that cooling-induced birefringence was larger
than curing-induced birefringence.
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Fig. 1 Design of molded silicone encapsulant.
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Table 1 Constant of cure kinetics for silicone polymer.
Cure temperature
o 60 70 80 90
4®)
k (X10'3) 1.736 | 3.839 | 9.739 | 21.58
A (S 4.007 x 10"
E. (KJ/mol) 85.293
m 0.62
n 1.39
0.008
o Experiment
3 90°C Cure kinetics model
0.006 .

0.004 | §

dov/dt

0.002 4
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Cure time (min)

Fig.2 Comparison of cure rate between experiment and
kinetics model.
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Fig. 3 Comparison of degree of cure between experiment and
kinetics model.

=% (cure shrinkage)

7Asp7F & ol webA kst
Aol e o —’F—?O] wkAlshe) 74 8} 4= S(chemical
shrinkage)©| @t 52 “FeolA] 8814 7Fank-g(cross
linking reaction) &= 1% F-3]¢ F+Ax(volumetric
reduction) S LIICH[11] BE 35 Halwee}

A& A0l AAZ 7T LE#X% QlaL[4, 12] &
ATl AL AP Eevie oB% Jre] A3t

Soo) PR Wb Thgal o] Ashee] A

3] Z o] 6]—"; oH/Hoﬂ XLQLO]_

o 71 v

AV=Aa V" 3)

oA7IA, Ar= B3t FYESEe] WstE das
Ageel Wal Je F A3 By FEEelh

23 42t 3F i

43t & WA 4 delE Eeve
Ho|2X(Tg & 7IEo® ve dHZATE 7HA
Al "k Tg oFefollAE Z21™7) glassydtal A
o] 540 A9 glov Tg o) delAe A
rubbery3tAl H il EA}e] sAdo] edafzict )
2hx] QA Al 2 Tgs 7IFo® tEA HH
Fig 4} ko] Wzt A] AsA S s 2ejsto] 4
9“5}03 [11] WAAES Fsh 5 oF 123 Ak

el A WA AL 7 sl

A
Chemical Cure
Shrinkage

Totsl

Shrinkage
Thermal

Shrinkage

10°C T, (34°C) B8O°C

Temperature ('C)

Fig.4 Molding silicone shrinkage as a function of temperature
due to chemical cure as well as cooling
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Table 2 Material property of silicone polymer

A% (p) 1290 Kg/m*3
A A== (k) 0.311W/m K
1] (Cp) 4581 Jkg K
SESFEH(v) 0.37
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Fig.5 Effective residual stress distribution caused by curing
process.

Fig.6 Effective residual stress distribution caused by cooling
process.
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Fig.7 Effective stress plot along radius direction
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Fig.9 Effective strain distribution caused by cooling process.
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