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Fig. 1 Axicon in the Cartesian system of coordinates
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Fig. 2 Contour of axicon in the zoy planc
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Fig. 3 A scrial of graphics of axicon [or rcal-time mask ([rom [irst to »-th {ramc)
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Fig. 4 Exposurc dosc distribution of microlens
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Fig. 5 Exposure dose distribution of axicon
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Fig. 6 Contour lines of expoure dose distribution

of microlens (32 stcps)
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Fig. 7 DProfilc of color LCD with twisted ncmatic
molecule. 1: Liquid crystal; 2: color filter; 3:
analyzer; 4. upper glass planc; 5: common

clectrode; 6 : scparator; 7: pixel clectrode; 8.

lower glass plane; 9: polarizer
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Fig. 8 Specctral transmittance of tristimulus
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Fig. 9 Arrangcment model of twisted nematic molecules
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Fig. 10 Principle setup for fabrication of microoptical

clements with LCD rcal-time masks
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Fig. 11 The interference pattern of micro-axicon array
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Fig. 12 DProlile mecasurcment of micro-axicon array

I AR SCHR T RIS I A SO R A
BT HOAR I THR LB B0 BT T 3 8 A B U
IS BRI MR T RO HE B S . XA BOR
MM TR ERREMBE R RGN B =
Y TFELE HA O A0 D — R B AF i EE L SRR Bt R
LA 2 W /s 5 W TR 5 BT S B — 2856 %1 . B



224 x = 2 =74 23 %

BRSO IR T — &R EEA R R shaping using a grey-tone mask for optical and

22 o B OH o S g e microelectronic  applications, Microelectron.  Engng. ,
« 1R LN 23 18] 6 YA il

. EACPRIARRBIMERSILRIE o

PEAT TS 0 T H At 288 B 53 ] O 1A i 2% 0 B Suleski T J, O'Shea D C. Gray-scale masks for diffractive-

JZ 51485 (Digital Micromirror Device) 3] B4 i, [7] #£ 0] optics fabrication: 1. Commercial slide imagers. Appi.

17, ARHMBE R EARAS WL, EARSLE T, kT Opt. , 1995, 34(32):7507~7517

R . 5 Henke W, Hoppe W, Quenzer H J & al.. Simulation and

2 N3 4 3p B DA A R Hy

52N L K08 S0 5 A 0 53 DRAS LAY BT 52 B 4 process design of gray-tone for the [abrication of arbitrarily

HE AR R ROCTH R BOK B, Bl & W A1 R Y B3k A shaped surlace. Jpn. J. Appl. Phys. , 1994, 33-1(12B) .

W 7 R 38 10 5 B G R IR R 08008815

A FT FHF T 4% K 2% 59 5 % Lu K, Salch B E A. Theory and decsign of the liquid

X Al o

crystal TV as an optical spatial light modulator. Opz.
Engng., 1990, 29(3):240~245

e

(o3}

I I { 7 Hopkins H H. On thc diffraction thcory of optical imagcs.
1 Gale M T, Rossi M, DPcdersen J. Fabrication of Proc. Roy. Soc.. 1953, A217.:408~432
- . . - =
continuous-rcliefl micro-optical clement by dircet laser 8 Tian B M. Electronic Display( & F £ 7). Beljing:

writing in photoresist. Opt. Engng. . 1994, 33(11):3556 Publishing House of Tsinghua Univ. , 2001. 27~103 (in
3566 Chinese)

2 Kley E B, Schnabel B, Zeitner U E. E-beam lithography- 9 Fimia A, Pascual I, Belendez A. Optimized spatial

an cfficicnt tool for the [abrication of dilfractive and frequency response in silver halide sensitized gelatin.

microoptical clement. Proc. SPIE, 1997, 3008.22~28 Appl. Opt. . 1992, 31(20) . 4625~4627
3 Sixt O P, Stauffer ] M, Mayer ] M e al.. One-step 3D

LCD Real-Time Mask Technique for Fabrication of Continuous
Microoptical Elements

Peng Qinjun Guo Yongkang Chen Bo Liu Shijie Zeng Yangsu
(Institute o f Information Optics, Department of physics, Sichuan University, Chengdu 610064)
(Received 22 January 2002; revised 27 May 2002)

Abstract: A new technique for fabrication of continuous microoptical elements by using LCD
(liquid crystal display) real-time mask is proposed, and its principle and design method are
expatiated. Based on partial coherent imaging theory, the process to fabricate the micro-
axicon and the microlens has been simulated. The experimental setup for LCD real-time mask
technique was built by using the color LCD in authors’ laboratory. and the micro-axicon array
has been fabricated. The 3-dimensional surface relief structure was shaped in the pan
chromatic silver-halide sensitized gelatin (Kodak-131) with trypsinase etching. The caliber of
axicon is 118. 7 um, and the etching depth is 1. 322 ym.

Key words: applied optics; real-time mask; liquid crystal display (I.CD); continuous
microoptical elements; photolithography



