Opto-Electronic Engineering Art|C|e

¥ ¢ x 4

ZFHIHBERNAEIETkA MBS
BEFIEIER A I

Single point
E :,J\ 1'2’ ?ﬁﬁ?ﬁj 1*, ;}i;{:}.ﬁ 2, gﬁ /ij_’\_ 2, ﬂﬂﬂﬂﬂﬂﬂ diamond turning
b 2*
gﬁ 75 Reactive ion etching
! 130022 Photoresist
2 I Glass substrate
400714

HE: AffkaFAEROREREIN M I @E T L THERZ LA ERSZRXAREL, Bl 7L TEH#E
Rkt B EPIE A EMET &, BHFEEIRZEA T EELN B EH M IHRE R BTFRELR, AR T A
E W B bk gl A Stk AR, REHATT BARA 5 mmx5 mm B LIS IR E BT 896 &
BT R R MM ABSATAIL, AT R, Z kIR B RIIB AR E X TARS 1.155 nm, @AEIRE
0.47%.

R AL BRI, FREMEAET], ARG EH; R BTk

FESES: 0439 XEktREE: A

IR T8, &, REM, 5. £ 064809 5 KR HELSIET FIVE 7 iR [J]. b 42, 2018, 45(4): 170671

Fabrication method of quartz aspheric microlens
array for turning mask

Wang Haol?2, Dong Lianhe®, Zhu Guodong?, Zhang Dong?, Zhang Weiguo?*

!School of Opto-Engineering, Changchun University of Science and Technology, Changchun, Jilin 130022, China;
2Micro-Nano Manufacturing and System Integration Center, Chongqing Institute of Green and Intelligent Technology, Chinese

Academy of Sciences, Chongging 400714, China

Abstract: In order to solve the two difficult problems of the poor processing controllability and the low surface ac-
curacy of quartz aspheric microlens array processing, a fabrication method of quartz aspheric microlens array for
turning mask is proposed. This method mainly uses single point diamond turning technology and reactive ion etching
technology, studies the turning and etching properties of the mask material, and optimizes the mask material by
experiment. Finally, the fabrication of an aspherical glass microlens array with an area of 5 mmx5 mm was carried
out. The experimental results are compared with the expected parameters. The analysis shows that the error root
mean square of the quartz glass component is 1.155 nm, and the surface accuracy error is 0.47%.
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Fig. 3 Surface roughness curves of masking materials
with different parameters after turning
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Fig. 4 Test results of aspheric microlens array
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Fig. 5 Test results of quartz glass elements
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Overview: In the existing mature processing methods, the processing of micro optical structure can be divided into two
major categories: microstructural lithography and single point diamond turning. Microstructural lithography can be
used to process inorganic materials, such as quartz, silicon and so on. However, microstructural lithography has not been
able to solve the problem of micro and nano structure shape control. The single point diamond turning technology can
achieve precise control of the surface shape, but it is difficult to process the inorganic and brittle materials.

In order to solve the two difficult problems of quartz aspheric microlens array processing, such as poor controllability
and low surface accuracy, a method of making quartz glass based on turning mask and etching is proposed. The single
point diamond turning technology and micro photomask technology is innovatively combined. The mask layer pattern
is made by single point diamond turning, and then the mask pattern is transferred by reactive ion etching. Finally the
fabrication of quartz glass aspheric microlens array element is completed.

We mainly make the selection of the mask material and study the etching performance and turning performance of
PMMA and AZ50XT photoresist. We find that the addition of AZ50XT photoresist in PMMA can effectively improve the
anti etching performance, not only meet the requirements of single point diamond turning, and after reactive ion etching
after the mask pattern can be maintained by the original still. By analyzing the surface roughness of mask after single
point diamond turning and the surface roughness of mask after reactive ion etching, we get the most suitable mask ma-
terial for this processing method. Finally, the new material is used to make the mask. The pattern is made on the mask
surface by single point diamond turning, and the mask pattern is transferred to the quartz substrate by reactive ion
etching technology. The aspheric microlens array with area of 5 mmx5 mm is obtained.

The experimental results are compared with the expected parameters. The analysis shows that the root mean square
error of the quartz glass element manufactured by this method is 1.155 nm and the accuracy of face shape error is 0.47%.
The experimental results show that this method possesses not only the advantages of single point diamond turning
technology, such as high surface accuracy, high processing stability and mature technology, but good anisotropy of reac-
tive ion etching technology. This method has great potential for development, and it also provides a strong support for
the wider application of quartz glass materials.
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