CRTECIE BEY et A TR Vol. 34 No. 18
2026 4£ 9 A Optics and Precision Engineering Sept. 2026

MoK A5 E IR B AE Bk AE B 51 B SR AR [E B TR 15

AT, k#EE, B4, HEF, FHE, 2 W
(L. AM A% MM ITEFK, %M % MH 550025;
2. MEAF MM EER ISR, ¥ k) 4100825
3. EHRBH(EINAR AT, K FI 518100

FEE P AR BRI B8 B B A AR 22 R o L L R A0 6 BE R e B R AR A A R D SO RO (R A S A
LA ISP P AR S s e L T AR I S X L s e R A SO el ST R R S 4 B o AR L E
AT AR IS T B AT IE 5 2 00, 3 7T 5 BABE L M o R ) 1 A SO U A B T A B L b B % NP R 2 AL B B
S WA BN TR Ti-DLC W J2 45 AT L G B R 85 1 0 o 225 44 16 2] S L 1 i B2 T 20 2%, R N 2 4B A 55 o B
38 243 BEAR B B T2 F B 56 o IR 25 SR AR T3 T2 P T A% AR BR AR 1P 2 5% 1DHLURE S S, 1. 553
nm, RGN PV 0. 208 pm, 458 M A% AR BR 1 FE 04 51 3% 55 05 45 1 TR ¥ PV<C0. 3 pm, S HHLRE & S,<<3 nm, #
LT A2 7 1 R s T T SRy e A A A s ) B A B R s e R R S

x @ W:EREBEMER EIBEL; TAAME AL LB 2 5] AR R

hE45%ES:TB133 MEAARIRED : A

doi: 10. 3724/OPE. 20263418. 2832 CSTR:32169. 14. OPE. 20263418. 2832

Nanometer-precision manufacturing of glass aspheric cylindrical
lens arrays by precision glass molding

SHU Chengsong'", ZHANG Daoheng', TAN Haidan', ZHENG Xinyu®, YIN Shaohui’, LI Ming’

(1. School of Mechanical Engineering, Guizhou University, Guiyang 550025, China;
2. College of Mechanical and Vehicle Engineering, Hunan University, Changsha 410082, China;
3. Technology Aachen Technology (Shenzhen) Co. , Lid. , Shenzhen 518100, China)

* Corresponding author, E-mail: csshu@gzu. edu. cn

Abstract: Glass aspheric cylindrical lens arrays offer low aberration, high collimation efficiency, excellent
beam homogenization capability, and a high degree of optical integration, showing considerable potential
for applications in high-power laser systems and optical communication coupling. However, their fabrica-
tion remains challenging because of the difficulty in machining high-precision array molds and the limited
controllability of form accuracy during precision glass molding. In this study, a simulation model of the cy-

lindrical lens array was established to optimize the mold design and predict form errors, thereby enabling
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mold pre-compensation. A complete process chain for fabricating microstructured array molds for low-
melting-point glass was proposed, including mold substrate selection, heat treatment of the Ni-P electro-
plated layer, single-point diamond planing, and Ti-DLC coating to enhance mold hardness and wear resis-
tance. Precision molding experiments were subsequently conducted using a multi-step heating and anneal-
ing strategy combined with segmented control of the molding rate. The experimental results show that the
fabricated aspheric cylindrical surfaces achieved an average areal surface roughness of S, 1. 553 nm and an
average form accuracy of PV 0. 208 um. The molded glass aspheric cylindrical lens arrays exhibited a form
accuracy of PV<C0.3 pum and a surface roughness of S,<<3 nm. The proposed mold pre-compensation
method and integrated manufacturing process provide an effective technical reference for the mass produc-
tion of low-melting-point glass optical components with microstructured array features.

Key words: aspheric cylindrical lens array; glass lens; pre-compensation; mold fabrication; array preci-

sion glass molding
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Tab.1 Design parameters for aspheric cylindrical lens arrays
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Fig.1 Simulation model
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Tab.2 Mechanical properties of the glass and mold materials
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Fig. 2 Effect of the aspheric cylindrical lens distance on the forming stresses of the mold and glass lens.
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(b) Prediction of surface profile errors in aspheric cylindrical arrays
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Fig. 3 Prediction of profile errors in cylindrical lens arrays during the annealing and cooling stages
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Tab.4 Coefficients of the aspheric equation for the mold
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Fig.4 Manufacturing process for aspheric cylinder array mold
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Fig. 5 Machining results for an aspheric cylinder array mold
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Tab.6 Molding properties of glass optical elements at dif-

ferent molding temperatures
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Fig. 6 Molding results for an aspheric cylindrical lens array
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