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An Anti-Counterfeiting Technique Based on Three-Dimensional Imaging
Employing Micro-Lens Array

Guo Shuji'* Cao Axiu' Shi Lifang’ Deng Qiling' Wu Xiangdong®
' Institute of Optics and Electronics, Chinese Academy of Science, Chengduw , Sichuan 610209, China

? Mechanical Electronic Engineering Department , Southwest Jiaotong University, Chengdu , Sichuan 610000, China

Abstract A new method of designing and manufacturing of anti-counterfeiting labels, which based on the three-
dimensional imaging technique employing micro-lens array has been proposed. The three-dimensional imaging model
is scientifically built. The structure designing and fabrication of the three-dimensional imaging key elements, the sub-
image and micro-lens array, are carried out. According to the three-dimensional image, the three-dimensional
imaging structure is designed with 3DMAX., after all of that, the micro structure and high precision micro-lens array
of the three-dimensional structure are fabricated by micro machining technology. Finally, the high resolution anti-

counterfeiting label is obtained.
Key words imaging systems; three-dimensional imaging; micro-lens array; anti-counterfeiting
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Fig. 1 Schematic of three-dimensional imaging of micro-lens array
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Fig. 2 Schematic diagram of the relation between micro-lens and two-dimensional micro-structure
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Fig. 3 Photo model configured in 3DMAX
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Fig. 4 (a) Image of obtained two-dimensional micro-structure; (b) enlarged view of (a); (¢) picture with format transformed;

(d) partially enlarged view of (¢)
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Fig. 5 Plane micro-lens array structure manufactured by hot-melt method
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Fig. 6 Photo of hot-melt lens electron microscope. (a) Micro-lens arranged in 50 pm hexagon; (b) micro-lens arranged
in 5 pm quadrilateral
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Fig. 7 Micro-lens array manufactured by moving grey-step method
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Fig. 8 Test pattern of micro-lens array with period of 1 mm
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Fig. 9 Schematic of moving mask method
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Fig. 10 Electron microscope photo of micro-lens array with period of 100 pm
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Fig. 11 Manufactured anti-counterfeiting lable
R A R A B i S T R 3 5 T A BT P R 446 Bl BOR 5 B S A SR N — s A A RE U . R T
1025 5 47) P — 4 RS 1 )7 E0 B A 2 o TR A 2 A 2L G o 2 e 0 R 2 0 Ak B 194 0 45 4 PRI LA e 5 =2 DE TG
(14 30325 B 51 I 3% AN B S e 10 A2 B0 e o A A2 A A 5 o B A s 4 B D BE A s TR Ik R B ROR i, Oy = 4
SEARIER S 5 TR

5 4 e

B =2 SR R SN 6 208 AR A LS & DB GE B = 4k UG R N TR B e R T — R
B B8 B 1) = AE AR B D BR s B B N il 28 T B AR AR 28 o 2R By D B0 AR BT SR FH %) Ak T 45 B 1) 50 i o A
K- HA G ) 22 S0 IR % Rl B R B A W 19 = 4k 5 B PE e . AR T A B 2 e H R i R
AR ELA i 1) = 4 AR RE UL R i 5 B L e .

5 F X M

1 Skeren M, Fiala P, Richter I. Synthetic diffractive elements for security applications realized on an enhanced integral dot-matrix system [J].
Appl Opt, 2006, 45(1): 27—32.

2 Jishu Zhang, Mingqiao Ge. A study of an anti-counterfeiting fiber with spectral fingerprint characteristics [ J]. Journal of The Textile
Institute, 2011, 102(9). 767—773.

3 Yoon B, Lee J, Park 1 S, et al.. Recent functional material based approaches to prevent and detectcounterfeiting [ J]. Journal of Materials
Chemistry C, 2013, 1. 2388—2403.

4 Volakis J L, Sertel K. Slow wave structures for miniature antennas [ CJ]. 2007 IEEE International Workshop on IEEE, 2007 5—8.

5 Cao Yulin. Machine readable systems for laser holographic anti-counterfeiting labels [J]. Laser & Infrared, 2000, 30(4): 214—219.
R BObA BRI AL BN R ST, BB 5404, 2000, 30(4): 214—219.

6 He Jin, Liu Tiegen, Meng Zhuo. A high performance system for measuring the parameters of the holographic anti-counterfeiting labels [J].
Optics & Optoelectronic Technology, 2008, 6(2): 63—66.
fif  EE, XM, & 8L, F. mPERREOLR BB AR IRRHE S EAN B RG] Db SO EOR, 2008, 6(2): 63—66.

7 Min S W, Kim J, Lee B. New characteristic equation of three-dimensional integral imaging system and its applications [ J]. Japanese Journal
of Applied Physics, 2005, 44(2). L71—L74.

8 Yukun Zhang, Yan Liu, Hui Pang, et al.. Antireflective structures fabricated from silica nanoparticles with regular arrangement [ C].
SPIE, 2012, 8564 85641.

9 Shi L, Du C, Dong X, et al.. Effective formation method for anaspherical microlens array based on an aperiodic moving mask during
exposure [ J]. Appl Opt, 2007, 46(34); 8346—8350.

=BRRE: & %

s111001-7



