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Measurement and analysis of residual stress in
microlens array with micro aperture

Xu Quanzhong Pang Kuo Chen Cheng Wang Yanlai

(School of Biotechnology and Food Science, Tianjin University of Commerce, Tianjin 300134, China)

Abstract: Microlens array plays an important role in the field of modern optics. It is of practical significance to evaluate the quality of
array devices by measuring residual stress and guiding the optimization of manufacturing process. Most of the existing measurement
studies focus on the siress measurement of the whole array device, but the stress distribution of the microlens unit has not been
systematically measured. Based on the principle of birefringence, this paper uses photoelastic system/polarizing microscope respectively
to measure and study microlens array devices with different base thickness (0.5 mm/1 mm), different unit arrangement ( tangent
arrangement/tight arrangement) and different microlens unit calibers (126 wm/1 mm) at macro/micro scale. The stress distribution law
of the whole device (macroscopic) and the stress distribution of the lens unit ( microscopic) are compared and summarized. The
experimental results show that the residual stress distribution of the microlens array is uniform, and there is a significant convergence
between the macro residual stress distribution and the micro residual stress. Under the premise of the same thickness, the distribution of
residual stress is less affected by the arrangement and aperture size. When the thickness of the array decreases from 1 mm to 0.5 mm,
the residual stress in the same area of the square aperture microlens array increases by about 250%. For the thickness of the circular
aperture microlens array, the residual stress increases by about 150% in the same measuring area. The residual stress increases
significantly within the same aperture/ configuration/region, decreases from 1 mm to 0. 5 mm, the residual stress in the same observation
area increases by about 150%.
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Fig. 1 Mold machining of microlens array
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Fig.2 Microlens array plane type
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Fig. 3  Plane polarized optical system

S R BN ] 4 s D3OS SRR T LA
TEARRIADEIRFAR W L T SRR Lk, L mE
iz, L BAER AL T £ S 2 MEN TR
40, 0] DL SRR AT, SR R AE G TIR T Hy W] —Fh
(0, 25 SO R 2 07 T 25 R ) ) A (L 4k, SO T R AR L
T AR
2.3 RHMBFERREAHNE

ARSIZIG O G B B A1) B AR L T AR AROUE 1) 4 DX 38



TR RUBE FLAR s B 1 AR ARV 0 K 7 - 217 -

N Jf\
AN T J
UARED
Slow 7 l/4ﬂ#‘_@
45 [0 o

I
K4 ik

Fig.4 Schematic diagram of photoelastic method
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Fig.5 Polarizing microscope
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