% 45 5% 6 19 IS AR 2016 4 6 f

Vol.45 No.6 Infrared and Laser Engineering Jun. 2016
TIN5 . PR 2= PR Ve 3 A Ts L FE (M. JC - DL T TR
#t, 1981: 39.

E T X ABIRELHE AR PMMA #7035 5 B 5 & &

FOS LR R R R B

(1. LR RABERKS ®Er, Lk 201418; 2. B RZHIERTF ME%EZ, B A R 525-8577)
W OE. MEERNGHECERAMEFABYFRLME, FIRABAXABIRIARK, ARETF

K 7 Ky B: T B (PMMA) A 3B 6 Z) ik, £ PMMA AR E#) & T E4 45, 5F o R4 R IEAT T 3%
mBt . R T B S ME ) R 0 AT, ST E 136 I U AL A, TR T ik LA R A )
BARBHEHAHBK, B—AXAHEFR2E B LA FAFRAERZLLEMN; H— xS HER
A EH 90°, AT H R A FHHBAKL , RL L PMMA AR EHE& T @A % 10 mmx10 mm 49 30x
30 MRBLLED S P AEAMREREW EZY 248 um B AL 2 pm, RHLAET X LBRLES
PMMA % 4kiR 2 18] 09 % F o 4B 0 5 3] T Sl X F P st Ak ) &1 i 40 15 ) 09 37 7 iR 2 T AT 89
KEEIE . MEEED; HEE; Xktz; #HHAZE; PMMA

RE 42 S, TN256;TN305.7  CEiERER: A DOI: 10.3788/IRLA201645.0620001

Fabrication of PMMA micro lens array based on X-ray moving

lithography
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(1. School of Science, Shanghai Institute of Technology, Shanghai 201418, China;
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Abstract: Fabrication of micro lens arrays has been a research hotspot in the area of micro optics. By using
two X-ray moving lithography, the polymethyl methacrylate (PMMA) as the positive photoresist, the micro
lens array was manufactured on PMMA plate, and its fabrication principle was described in detail. The
related mask pattern for fabricating micro lens arrays was designed. Through designed mask patterns
simulation, the shape of the actual micro lens could be predicted. After the first moving X-ray lithography,
theoretically the semi-circular columnar micro 3D structure was formed on the PMMA substrate. If the mask
mounted vertically was rotated 90° after the first X—ray lithography and the second X-ray lithography was
carried out, eventually the 30x30 micro lens array was obtained on the 10 mmx10 mm PMMA substrate, the
diameter of each micro lens was about 248 wm, the depth was about 82 wm. The relationships between the
amount of X light exposure and the depth of PMMA etching was studied. The micro lens array profile
measurement shows that the new method for the fabrication of micro lens array is proved to be feasible.

Key words: micro lens array; micro fabrication; X-ray lithography; moving lithography; PMMA

KB H . 2015-10-11; f&iTHH.2015-11-27

E&TH . HEK A RFHAE S (51035005) 5 11 H A 27 B HURS 25 46 DU F- 5 22 0 H (10210Q140005) 5
R R 2 e 5 | #E N AR Bl L 42 (YT2014-03)

EEE . LIT(1965-), 5, Bz WA 0, W4 2 NEHOCHLE RS HOGE T & T2 5% Jr i 35T
Email:ygli@sit.edu.cn

0620001-1



bk A2

% 64 www.irla.cn % 45 %
(997 T AR 2 s B TR X Ol i T X
0 5] & ST AT A5 A, DRI XS T v R

M ARE S A O E RGN EE U —,
TERSC A= A0 R 2R SR sl A i o 5 A
o, BEERHE ML RUR R | J62E RGARFLZ 10 /N
AU RN WAL Ty o) i Je PRI R S5 3 02 A= 1) A%
Gim R O AN BRI 4R /g B RUST )  H f
75 5 RN E B B 0 IR T ' 2% 7R 48 48 i Ak & e
Uit o BEHLGE B2 B 91 n] 52 BG4 B0 A Z o, (45
FEARSIAEN At n] S B B R A R A S 2 IR
4 B AR i T3 S A L BUR G A I BOE
RORPEDIRE, B E ORI R AT,

TG i — L AR AR R OGS B s 30 k8T
FEEF R FH B AR S 2 ok 14 3k w4 R IR
BUY A S GE B FES , 20008 5% 8 T Ak ) B B 1Y) °F
BPRRTE 1 um DUF . R4E42 55 NPk H] KOH:H,0
(R AL 24 T i Si<100> 5 F i 78 H ok i 4 i ih £k
B RGE ST, B ELAR AT DL CR BLAS 20K,
FEREAFLAZ Z e /D AT AN 2.5 3] 10, F o855 N0
GaAs o JiE IR FH R il 9 #0125 20 i B R i 4 oA
] BT AR OB B, % T 1A% 200 wm OTGE RS, iR A
FLBE By 12.56 nm, 1282420 959.86 um, X1 &
FEoR 369.18 pum,, A4 55 A R R ARASE TR BN AR il £
FRESIE] . BEMRERL . YRS MRS B
G1) AT HE A5 N8R PR e S ) YR A A 2 S
G WA R S5 K R, FEFHERIMT
[ f il B 38 S0 R O CR RaB BE RS, T RE S
il HAR A 25 um AR R R C-V i 0.64%
PRI SR 220 1.7%09 15x15 IRGE B

SF MEMS T2 060m Tor i A T2 RS
JN T I T T MEMS T 25 i LIGA T2
TE/NRUAL 5 ORAL ) 2 a4 5 T A A C Rk 3
ZAb, LIGA T.25J& MEMS = K T. 42—, EFH X
ez, AT LA A TR TE L ROR g = 4
SERUOM X S AR A R L Y T 4T R
FERR G, HAmBER N PR IERNT
FrEA A, AR A R A DAL A R R A
R HE AT . R I B R X ORI B, XK
M LR R R L X TE AT AR S G S I A
], H XOGIR B L AT LAY (1, X 6 B A R

217

(Bl F o AR (4 A4 ) B 1) 7 2R B Ol 1) P 58
BORANKATZ

SR A A PR A S XL 2R, #lE T
PMMA WUBHIFES, 55— X e shits Bk
FIAE AR ) T2 4 5 AR A % 90° , HEAT 5 — kB 5l
BRI B E 75 PMMA SER T 3RAGHAE B 1

1 RUER G &R EARRE

T2 % B 27 1) il i T 25 SR TS o X6 2 4
AR BaDL2IFE O X EEHR) X G 2K
B X AE L (PMMA JE4R) A1 X 6 st 555,
X GG RS R AR 57 A T K 0 ) 25 5 G U5
(AURORA) , X Y& KB Rl A 0.15~0.35 nm, W I
KoM 0.4 nm . X BRI AR Hh I I fAR | S 15 BRTHE
PR=AS FBEARA A, O B S D
ZIBE B AG B . w8 &) 4RI I X
28, IR AN Polyimide) i A4 kL% 13 X B4R i
R P I RS AR F R SO 4 (Aw) 9 SR FE R 3 m, 32
4 [ (Polyimide) J&£ B g 38 wum , HE 42 Jy 0 3 <) 45 HE
2 PMMA ACEA G R A&, i H Y X 6
StE BT =5 F8E 8T, PMMA 76 GG 5%
VA R3S G, BGRB8 A 1E R X DR JE 21, T
HIEH T HAERGE GRS

FIIH X SRS 3l M il 28 1ol 5 1 471 174 J 2 T
B1 TR, JEZIET, 200K X 62 AR AT 1 mm

&
N
L X-ray
)

Qy 444 nym
\90 //, , 5 ‘

B
Unexposed resist part Exposed resist part

Scanning exposure
after rotating 90°
—p

Development Development

sy

Pl 1 ARl B e ) o o T ]

Fig.1 Fabrication principle of the micro lens array
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Tab.1 Mask pattern and simulation results
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