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Fig. 1 Computer simulation of refractive index distribution curve based on measured data
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Table 1 The geometric structure parameters of the two mask template patterns

Number Hole radius/mm Center distance/mm
Co1 0.25 1.60
C02 0.15 0.96

B A B o, % COL AU A CO2 Y 3k J 43 sf ] Bt Ak U BBURE 6 YK, B 1 38 4 i B2 oy 490°C, COL BLFE
1) B - A2 e i ] 43 50 R 8.10.12.,14 .16 18 /INIE, CO2 B 43 51k 3.4 .5.6.7 8 /INIF o 5 22 48t I [ f4 3% B 3
IR AR A TR A AR AT B A A a0 A 2 SR A S Y, AR SC S I RRIE 5 N R L AR RN AN [R) B A8 48
[F1) F18 F L 4 51 A9 85 A0 TR 5 5 13 DA T s B e ) BRI A AL AR R AR
3 BFSHRESEE

H AT B 384 S5 1 GRIN SV 1 303 B8 M 910 9 32 455 70 i Gl U0 F D140, 38 ik 5 B0 mT LU %% 31 s 46
B0 A PR Ly 3 0E LUR B 40 A XU S 1 B . B A IR B R AR A B U < O R R
B A 4 T8 B R R B U A BT HOA B ES  AE A W BUBE N AR R 4N (R B s s e R] B AL AR Y
GRIN V- 18] 154 325 B [ 5] 0% 48 THD B X 7B A7 i iR, G 5] 4~5 R .

:6’ e

8h i - 14h bl 18h

g }t

100 pm 100 pm 100 um 100 um 100 um

(a) Sectional view

(b) Imaging of the letter "A"

B4 COIBGRINFHEMEHEN BT RERBATANFHA"H R A

Fig. 4 Cross section of ion—exchange area of typed CO1 microlens array and imaging of letter "A"
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Fig. 5 Cross section of ion—exchange area of typed CO2 microlens array and imaging of letter "A"
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Table 2 Ion-exchange width and depth ratio of typed C01 microlens array

Time/h 8 10 12 14 16 18

w,/mm 0.787 0.820 0.873 0.915 0.952 0.971

h'/mm 0.192 0.219 0.243 0.255 0.269 0.300

w,/hy 4.099 3.744 3.993 3.588 3.939 3.237
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Table 3 Ion—-exchange width and depth ratio of typed C02 microlens array

Time/h 3 4 5 6 7 8

w,/mm 0.450 0.481 0.517 0.554 0.578 0.617

h,/mm 0.105 0.131 0.150 0.166 0.186 0.211

w,/h, 4.286 3.672 3.447 3.337 3.108 2.924
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Fig. 7 Average ion—diffusion rate of the typed CO1 and typed CO2 plane microlens array in the z—direction and r—direction
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Fig. 9 The focal length vs. time diagram GRIN planar microlens array
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Fig. 10 Imaging of quadrille paper from GRIN planar microlens array
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Table 4 Numerical aperture and distortion of typed C01 microlens array

Time/h 8 10 12 14 16 18
NA 0.255 0.279 0.278 0.316 0.348 0.387
Distortion —0.172 —0.087 —0.082 —0.083 —0.064 —0.104
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Table 5 Numerical aperture and distortion of typed C02 microlens array

Time/h 3 4 5 6 7 8
NA 0.289 0.331 0.383 0.394 0.409 0.412
Distortion —0.181 —0.146 —0.135 —0.138 —0.122 —0.095
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Effect on the Optical Properties of Planar Microlens Arrays with
Different Ion—-exchange Time

XIE Yimunan, JIANG Xiaoping, ZHOU Sumei, YUAN Zhe
(Chongqing Key Laboratory of Micro&Nano Structure Optoelectronics, School of Physical Science and Technology,
Southwest University, Chongging 400715, China)

Abstract: The plane microlens array is a plane array that is buried under the surface of the flat glass
substrate, which consists of several microlens elements with uniform geometric dimensions and a three—
dimensional gradient of refractive index according to a certain rule. There are many methods for making
GRIN planar microlens arrays, including hot embossing technology, ion beam etching, the melted
photoresist method, and so on. Each of these methods has certain advantages and limitations. The hot
embossing technology has high pattern reproduction accuracy, but the demolding process is complicated.
Using ion beam etching to fabricate microlens has good surface microstructure, but the production cost is
high and production efficiency is low. The melted photoresist method has a simple manufacturing process,
but the planar microlens array made by this method has poor thermal stability and is prone to aging. The
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fabrication process of GRIN planar microlens array using ion—exchanging method is relatively simple. The
size of the lens element fabricated by ion—exchanging method can be less than 10 pm, the focal length can
be less than 0.1 mm, and the thickness can be less than 0.1 mm. Moreover, the array structure and imaging
uniformity are good. It has been widely used in artificial intelligence, portable equipment, integrated
imaging, three—dimensional imaging, beam homogenization, beam shaping and other fields that require
small-sized array optical elements. In this paper, circular aperture gradient index plane microlens arrays
with different diameters are fabricated by ion—-exchange technology and photolithography. By sampling in 6
time intervals during the ion—exchange process, the ion-exchanging depth and width of microlenses with
different aperture sizes, the focal length, distortion and numerical aperture of lens elements were measured.
The ratio of ion—exchange width to depth decreases with the increase of ion—exchange time, and the
average diffusion rate of ions in the z—direction and r—direction gradually decreases. Moreover, that
decreases faster for the flat microlens array with small opening diameter. As the ion-exchanging time
increases, the focal lengths of the microlens arrays with two apertures gradually become shorter, and the
focal lengths of the smaller aperture diameters are relatively shorter. The numerical aperture of the planar
microlens arrays with different aperture diameters increases while the ion—exchange time increases, and its
distortion decreases with the increase of ion exchange time. The rule that the optical characteristics of the
gradient index planar microlens array changes with the ion—exchange time provides a reference for the
production of the planar microlens array required in different optical systems.

Key words: Integrated optics; Planar microlens array; lon—diffusion; Focal length; Numerical aperture;
Distortion

OCIS Codes: 130.3120; 220.3630; 220.4610

Foundation item: Chongqing Research Program of Basic Research and Frontier Technology (No. cstc2013jcyjA00016), Fundamental
Research Funds for the Central Universities(No. XDJK2016C123) , Horizontal Project(No. 4412100284)

0151121-9



	2.1　制作工艺

