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Fabrication of Elliptical Micro-lens Array with Large Surface Using uSL

In Baek Park’, Su Do Lee®, Tae Wan Kwon", Jae Won Choi"" and Seok Hee Lee”

ABSTRACT

A 3D structure production method for microstereolithography is a useful way that produces complex structures with
flexible processes and low cost. Several UV curable resins were blended and the optimal resin for micro-lens fabricate
was selected through viscosity, workability and transmission tests. It consists of 1, 6 — Hexanediol diacrylate with 15
Apha and Isobornyl acrylate for reducing some shrinkage. When fabricating a micro-lens array on large surface, some
distortion of shape occurred because of the surface tension between cured part. To overcome this problem, the optimal
processing conditions were derived from considering amount of the resin and surface tension. Large surface Micro-lens
array, which are a type of elliptical convex and consist of 18,000 micro-lens in the range of 2cm*2cm were fabricated.
The focal length to the X-axis and Y-axis were calculated. To verify the performance, measure an energy distribution of

transmitted light from the Large surface Micro-lens array.
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Fig. 1 Viscosity test of normal temperature condition
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(a) Micro-lens design for workability test

(b) uSL system and light pass. 1. Mercury Lamp
(EXFO S2000, 365nm filtered, 200W output), 2.
Optical fiber, 3. Fiber end, 4. Collimating Lens, 5.
Light tunnel, 6. DMD (Dynamic Mirror Device), 7.
Tube lens, 8. Reflecting mirror, 9. Focusing lens and
adapter, 10. Z axis stage, 11. Resin vat, 12. X-Y axis

Fig. 2 Test modeling and pSL system
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Fig. 3 Workability test of UV curable Resin
Table 1 Workability test condition of UV Resin
Curing Test Weight ratio Process condition
Irradiation Beam energy: 100 ~ 30%
0,
HDDA _DMPA 10g_2wt% (0.0148~0.00444W/ /e )
time: 2 ~ 10 (sec)
Total layer :10 layer
8:2,6:4, layer Thickness: lym
HDDA + IBXA _ DMPA 4: 26, 2(; 8 Z-axis Travel: z 3 — z -3(mm)
wt%

feed late : up 20, down 20
Dwell time: 150 ~ 300(sec)
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(b) HDDA(8)+ IBXA(2) + Photoinitiator (2wi%)
Fig. 4 Measurement of transmissivity
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Fig. 5 3D modeling of MLA and array pattern

Fig. 6 Process flowchart for large-surface MLA
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(b) Unevenness of UV Resin by micro-structures
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Fig. 7 Measurement of surface tension
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Table 2 Variation of 4 from MLA Resins by temperature

Temp. (°c) h (HDDA + PI(2%))
25 8130.77(um)
30 8061.14(um)
35 7864.17(pm)
40 7677.84(pum)
Temp. (°c) h (HDDA (8) + IBXA (2) + PI(2%))
25 8660.77(pm)
30 8559.54(um)
35 8296.77(nm)
40 7989.80(pm)
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(b) Fabrication a Large-surface MLA consists of micro

lens array 10*15
Fig. 9 Dimension of large-surface MLA

Table 3 Process condition for large-surface MLA Fabrication

UV Resin Weight ratio

Process condition

HDDA + DMPA 10g + 2%(wt)

Irradiation Beam energy: 60% (total 1W)
time: 2 (sec)
layer :50 layer
layer Thickness: 1pm
Z-axis travel for spread of UV Resin: z 3 -z -2.9997(mm)
feed late : up 10, down 20
Dwell time: 300(sec)
Heating temp. (about) 28°C

Total

HDDA + IBXA + DMPA 8:2+2%

Irradiation Beam energy: 50% (total 1W)
time: 4 (sec)
layer :50 layer
layer Thickness: lym
Z-axis travel for spread of UV Resin : z 3 - z -2.9996(mm)
feed late : up 10, down 20
Dwell time: 350(sec)
Heating temp. (about) 30°C

Total
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