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Fabrication of high quality microlens arrays based on AZ5214 photoresist by
laser direct writing and thermal reflow
LONG Bingliang’, XU Shengyuan’, FAN Fu', ZHOU Yu', ZHU Yuanfeng’, HOU Qichao'
(1. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China; 2. School of

Microelectronics, Jiangxi Normal University, Nanchang 330022, China; 3. Guangdong-Hong Kong-Macao Greater Bay
Area Innovation Institute, Hunan University, Guangzhou 511340, China)

Abstract: Microlens arrays (MLAs) are widely used in imaging, display, and micro-optical applications.
However, it remains challenging to achieve a high fill factor together with good dimensional uniformity and
morphological consistency during fabrication. In this study, dome-shaped MLAs were fabricated on quartz
substrates using AZ5214 positive photoresist. The process combined ultraviolet (UV) laser direct writing with
thermal reflow, and the key steps, including spin coating, prebaking, exposure, development, and thermal
reflow, were optimized. The results show that the fabricated MLAs have a period of about 16.5 pm, an average
diameter of about 15.1 um, an average height of about 2.82 pum, and a radius of curvature of about 11.6 pm.

The resulting structures exhibit relatively smooth surfaces and regular profiles. The average volumetric
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shrinkage is about 8.98%. The maximum relative deviations in diameter and height are approximately 1.7%

and 1.5%, respectively. These results demonstrate that dome-shaped MLAs can be fabricated by combining

UV laser direct writing with thermal reflow under the present process conditions.

Key words: microlens array; AZ5214 photoresist; laser direct writing; thermal reflow process
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Fig. 1 Schematic of photolithography-thermal reflow fabrication process flow for microlens arrays on quartz glass substrates
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Fig.2 AFM surface topography of representative area of

quartz glass substrate (scan area: 5 pmx5 pm)
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Table 1 Thickness data of photoresist films under different

spin speeds

. . MR JE FE /um
3%/ (r/min)
JREEL EE2 JRE3 PR

1000 3.267 3.235 3.079 3.194
2 000 2.142 2.155 2.136 2.144
3000 2.010 2.005 1.983 1.999
4000 1.884 1.875 1.869 1.876
5000 1.775 1.789 1.757 1.774
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Fig.3 Optical microscope images of micropillar array
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Fig.4 Morphological characterization of microlens arrays
(MLAs)
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Fig. 5 Schematic diagram of photoresist structures before

and after thermal reflow
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Table 2 Dimensional parameters of frustum-shaped micro-

pillars before thermal reflow

PR AT & Rk R T

b
Jo

7/ pm 7/ pm hy/ pm Vy/ pm’
1 7.641 6.900 1.767 293.69
2 7.541 6.955 1.781 294.09
3 7.420 6.886 1.741 279.98
4 7.506 7.093 1.748 292.68
5 7.558 7.052 1.771 297.02
6 7.444 6.919 1.757 284.80
7 7.444 6.927 1.766 286.58
8 7.536 6.961 1.783 294.46
9 7.582 7.099 1.775 300.58
10 7.490 6.961 1.757 288.30
11 7.457 7.026 1.789 294.81
12 7.440 7.026 1.778 292.31
13 7.440 6.974 1.785 291.37
14 7.405 6.939 1.812 29291

®3 ROREHRERRTHIE

Table 3 Dimensional parameters of microlenses after ther-

mal reflow
IS OB B R

5 3
r3/um hy /um R/pm Vo/um

1 7.457 2.846 11.192 260.66
2 7.609 2.802 11.732 266.34
3 7.617 2.816 11.710 268.33
4 7.617 2.842 11.628 271.03
5 7.589 2.838 11.566 268.71
6 7.646 2.805 11.823 269.14
7 7.509 2.821 11.404 261.61
8 7.578 2.792 11.680 263.25
9 7.601 2.789 11.752 264.47
10 7.572 2.799 11.642 263.56
11 7.587 2.804 11.666 265.08
12 7.441 2.855 11.124 260.49
13 7.567 2.865 11.425 270.00
14 7.567 2.839 11.504 267.33
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