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A Study on the Release Characteristics During Wafer-Level Lens
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Abstract Among the defect factors that can occur when a wafer-level lens is molded using a
thermosetting material, the mold sticking problem of a molded lens during the release process can
damage the molded substrate and deform the substrate at the wafer level. An experiment was conducted
to examine the factors affecting the demolding force in the lens forming process. The demolding force
was examined according to the coating material of the molds. The mold was surface-treated with ITO
and Ti, followed by plasma treatment in an Oz atmosphere. A DLC coating was then performed, and the
curing and releasability were examined. A coating method for the pull-off experiment was selected based
on the results. To measure the demolding force according to the curing process conditions, a method
of curing at a constant pressure and a method of curing at a constant position were applied. As a result,
the TiO surface treatment reduced the release force. When cured by controlling the location, curing

shrinkage can reduce the adhesion energy of the interface during curing, resulting in better demolding.
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Fig. 1. Wafer-level camera fabrication process which
creates extremely thin camera modules
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Fig. 2. Lens molding equipment(NETZSCH DEA 288)
and mold installation for 1 cavity lens
molding
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(b) Damage to a resin part

(a) Migration defect

Fig. 3. Defects in the surface of a molded part that
occurs when there is no coating in the use of
brass molds.
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Fig. 4. Conceptual diagram of experimental equipment
for pressure control and position control
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1/2
§=16,,+d, (3)
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Here, Fj is the deforming force, d,, is the
amount of deformation due to thermal

expansion, d,, is the chemical curing shrinkage
V.

" is the volume shrinkage rate

due to curing,

of the thermosetting material, « is the degree of
curing of the thermosetting material, and £(¢) is
the elastic modulus.
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Where, £, denotes adhesion force, Fg denotes

force by shrinkage.
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Fig. 5. Release force according to process conditions
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Fig. 6. Plasma treatment of a silicon substrate by
surface oxidation method.

Fig. 7. DLC(Diamond-like-carbon) Coating Machine
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Fig. 8. Silicon wafer treated with three different
materials and different plasma treatment
methods

(b) After 68 min
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Fig. 9. The appearance of thermosetting materials
after curing process according to surface
treatment of silicon wafers
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(b) Pressure control
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Fig. 11. Appearance of material after release

Table 1. The fabrication condition of pressing mold

Mold coating Curing process conditions
Case 1 Pressure control

No treatment —
Case 2 Position control
Case 3 Pressure control

—2€° | DLC Coating =

Case 4 Position control
Case 5 Ti Coating Pressure control

+0O; Plasma
Case 6 treatment Position control

Table 2. Summary of results for various experimental

methods
Applied Demolding fo Force per
Area(mm®) rce(kgf) Area(N/mm°)
Case 1 431.020 84.240 1.917
Case 2 323.670 46.130 1.398
Case 3 316.016 33.020 1.025
Case 4 395.065 26.930 0.668
Case 5 306.744 20.220 0.646
Case 6 237.438 10.970 0.453
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Fig. 12. Results of demolding force according to tensile
length for each surface treatment method
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Fig. 13. Graph of demolding force measurement result
according to process control conditions
when using untreated brass molds.
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