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Laser Lift-Off (LLO) is a process that removes a GaN or AIN thin layer from a sapphire wafer to manufacture vertical-type
LEDs. It consists of a light source, an attenuator, a mask, a projection lens and a beam homogenizer. In this paper, we design
an attenuator and a projection lens. We use the ‘ZEMAX’ optical design software for analysis of depth of focus and for a
projection lens design which makes 7x7 mm” beam size by projecting a beam on a wafer. Using the ‘LightTools’ lighting design
software, we analyze the size and uniformity of the beam projected by the projection lens on the wafer. The performance analysis
found that the size of the square-shaped beam is 6.97x6.96 mm’, with 91.8 % uniformity and £30 wum focus depth. In addition,
this study performs dielectric coating using the ‘Essential Macleod’ to increase the transmittance of an attenuator. As a result,
for 23 layers of thin films, the transmittance total has 10-96% at angle of incidence 45-60° in S-polarization.

Keywords: Projection lens, Depth of focus, Attenuator, Laser lift-off
OCIS codes: (220.0220) optical design and fabrication; (080.3620) lens system design
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FIG. 1. Schematic diagram of laser lift-off system.
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FIG. 2. Beam homogenenizer design by Kongju university.
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FIG. 4. Dielectric attenuator.
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TABLE 1. Specification of Coherent co. excimer laser model

Specification LPXpro 210
Maximum Pulse Energy 800 mJ
Maximum Repetition Rate 100 Hz
Maximum Average Power 80 W
Energy Stability <2%

Beam Dimensions 10x24 mm’

Beam Divergence 1x3 mrad’
Pulse Duration 20 ns
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FIG. 6. Irradiance distribution chart: Excimer laser modeling.
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TABLE 2. Dielectric attenuator of optical thin film

\ Contert | Motes |

[Incident Angle (deg) [0.00
\ Reference Wavelength [nm) \ 248.00

Refractive | Extinction i Physical
Laper Material Index Cosfficient T[}WF‘\%‘S?S]S Th\ck;‘ess [nm]
B Medium]|Ai 1.00000)  0.00000
1[Na3AFe 1350000 0.00000] 017643064 124
2|Al203 173310)  0.00000) 0.27805319 3373
3[z02 2153000 0.00216| 0.60612853 [
4|Na3AFE 1350000 0.00000] 0.69543345 12778
B|A203 173310)  0.00000] 0.56855724 8053
E[Na3&Fe 1350000 0.00000] 0.59292679 0852
7|Al203 173310)  0.00000] 0.41578338 5350
B[Na3AFE 1350000 0.00000] 0.25145437 4619
3[5i02 150857)  0.00000] 013336580 2202
02z 215300)  0.00216| 0.23177484 3360
11]|Na3AFE 1350000 0.00000] 047685112 8760
12)2i02 215300)  0.00216| 0.62033743 7148
13|22 2153000 0.00216) 013710143 1579
14|Na3AIFe 1350000 0.00000] 0.31536378 56.04
15502 160857)  0.00000] 010685856 1757
16202 215300)  0.00216| 0.50003452 5760
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18)2m02 215300)  0.00216| 0.23685663 2728
19]2i02 2153000 0.00216| 012005104 1383
20|Na3AFE 1350000 0.00000) 040170378 7379
21)5i02 150857)  0.00000) 002187522 2003
22/A1203 173310]  0.00000] 0.24305617 3564
23|Na3AF6 1350000 0.00000] 048575356 8324
Substrate| Materiall 1.45800 0.00000
8.30907879 128601
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FIG. 7. The Transmittance change of dielectric attenuator for
angle of incidence.
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