Journal of the Korea Academia-Industrial http://dx.doi.org/10.5762/KAIS.2014.15.11.6464

cooperation Society ISSN 1975-4701 / eISSN 2288-4688
Vol. 15, No. 11 pp. 6464-6471, 2014

Analysis of the shrinkage and warpage of Wafer lens during UV curing
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Abstract The UV curing method is a popular process for lens molding on a unit wafer. This process, however, has
several drawbacks including wafer adhesion during the ejection process after curing, errors in lens shape and wafer
warpage due to material shrinkage during the curing process, and lens centering errors on both sides of a wafer.
Among these, the lens shape error and warpage are influenced directly by the UV curing process due to factors
including the UV radiation uniformity, the degree of cure according to UV intensity, and the shrinkage characteristics
of the material. Therefore, a theory is needed not only to understand the change in the material characteristics, such
as the shrinkage rate due to the curing reaction, but also to establish a model. In addition, an analysis system is
needed to realize the model. This study proposes a new analysis method for the wafer lens molding process by
Comsol modeling. This method was verified by comparing the results with those of the actual process.
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[Fig. 2] Apparatus for UV curing and LED light source

[Fig. 3] Schematic of UV

curing system
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[Fig. 4] An array of lenses on the Wafer
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[Fig. 8] The result of the influence of thickness and
distance from the light source on the degree of
cure

[Fig. 9] The degree of cure as a function of time
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[Fig. 10] The stress distribution in the mold after 31
seconds and 99% cure

[Fig. 11] The total amount of deformation in the
mold after 31sec

[Fig. 12] The the amount of deformation of the z
direction in the mold after 31sec
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[Fig. 14] The the amount of deformation of the x
direction after demolding process
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[Fig. 15] The the amount of deformation of the z
direction after demolding proces
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[Fig. 16] Measuring point
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[Fig. 17] the variation of a z-axis direction of the
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6469



A 71Ee 8] =g A Alsd AlE, 2014

-0.004 |
-0.006
-0.008
-0.01 }
-0.012
-0.014 |
-0.016
-0.018 |
-0.02
-0.022
-0.024 |
-0.026
-0.028
-0.03 |
-0.032
-0.034

-0.00342

Z axis deformation 30pum

Displacement field, Z compone
nt (mm)

10 10.5 11 11.5 12
y-coordinate (mm)

18] the variation of a z-axis direction of the
circle 9

[Fig.

-0.003

=
e

0.0035 -
Max. - Min = 4um
0.004 |

-0.0045

nt (mm)

-0.005

-0.0055

/

4 6 8
¥-coordinate {(mm)

-0.006

Displacement field, Z compone

-0.0065

10 1z

[Fig. 19] the variation of a z-axis direction along
a diagonal line on the bottom surface

-0.0338
-0.034 |
-0.0342
-0.0344
-0.0346
-0.0348
-0.035 o
-0.0352
-0.0354 -
-0.0356
-0.0358
-0.036 |

_ -0.0337
Max. — Min = 2.5pm
-0.03446 E
-0.03446
-0.03489

-0.03489

nt (mm)

-0.03521

-0.03566 -0.03566

Displacement field, Z compone

-0.0361
4

=) 6

7 8 10
x-coordinate (mm)

[Fig. 20] the variation of a z-axis direction in the
measuring point

29.9um

Radial
deformation{um)

N
bt
o

=
3

:Ii 3.‘5 :1 4.‘5
x-coordinate (mm)
[Fig. 21] The amount of change in the radius at

circle 1

6470

N
et
o

b4
3

Radial
deformation(um)

h
bl
oo

k=
E

. .
10.5 11 11.5
»-coordinate (mm)

9.5 10 12

[Fig. 22] The amount of change in the radius at
circle 9

Fig. 23 9} Table 2 & 9o & F2F 2 74 I3}
o g Axtolrt. g} s el vhagte] Apol7}

AstaL otk ol 219 ek =4 wkgo] o] F A4
et %’.—Oli‘r. 3 3 A8 249 580 6%0lth
o= UutA]l olA™ ol E Al B 2Ae] FEE
ojtt. pANE AAl EE g SAo] v ofHa A
Al Aol hh F5&ol e F&ed 4 dolHE vt
Hohs 21 & OE A7 AR A wE oEE A
2 ATl s oA FARE ol tigk HEet =
ol dasit mEbA 2 st A9 Afol= ARE &
Ao 2ol 7199 Ao dd & 5 9l

-

[Fig. 23] Measuring point

[Table 2] The result of the cumulative tolerance

1 Measured 0.052
Calculated 0.07167

n Measured 0.039
Calculated 0.07167

. Measured 0.058
Calculated 0.07167

Cumulative Measured 0.149
tolerance Calculated 0.21501
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