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Design of Uniform Illumination Optical Source with 365 nm LED and
Application in Lithography
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Abstract Arrangements of point light sources array with 365 nm ultraviolet LED and focusing lens are designed and
optimized. Area light source with uniform illumination and high intensity is achieved based on arrangements system.
Lithography experiment with contact exposure method is realized with the optimized area optical source. Lithographic
patterns are consistent with mask. The lithography method based on uniform area optical source from 365 nm LED
arrays has advantages of simple structure, energy conservation and environmental protection.

Key words optical fabrication; ultraviolet LED; arrays; lithography

OCIS codes 230.3670; 220.2945; 220.3740

1 5 = IR AR O T B — PR S S R L R

=]

Fe T A R RS B A T A Ry EORMERROEFE R WADEH R R

S T2 5 ) 4 e T2 B R i L MBHE(—BHFEIL TN EE FANER) . &E

FA. AR RZE A EW NS EE S IO OB B, 2 — RIS R .

G500 e 2 4 /N TR A G B A A A g R R TAFAE  HBCRARAC, I Z R KT IF R J5 AN RE D

Wi . BT R SR AT JC R MR 2Pl Kk £ R P BT AN E A B BE = A — 2B IR B R AL R
(He) ) 365 nm i 2B, TR CW R For e KTOGHOEAF eI WARE PEAR A7 4 45 (2000 B (i &

Wi E: 2011-10-12; WREsABmEE: 2012-01-10

HE&WH: B 973 i) (2011CB301802) \EH K B R Pl £ 4 (61177053,11004182) &2 48 H SR FFF 3 45 (11040606Q26) |

FE B SRR T AR IFE H (KJ20127272) F1 it B BE22 5 R R 29 35 4F 61357 35 4 W B R,
YEZ B A : £ 1m B (1980—), B . W LA T AR IR, EZ AL E I A BETE . E-mail: wangxx869@126. com
SURE A B W Q947 B AR LA R, FEAFOLE FHEOR OGS T AR

E-mail: minghai@ ustc. edu. en GE {58 & )

0416001-1



i &

# ot

5 (1000 CHREA K . X LEHL 3 H T 3 TR AT G
(158 20 BLAT 75 1 W0 K L 48 4 52 00 L BEHE W 55
AR

SR AR (LED) B 51 6 5 T 52 3078 B B
JE IR — € B R R B RS AL A R AR B A 4
BRUL B WO T AN E A SR e ah i #] H
i A 1k - 5850 LED [ 5156 I8 0 T ' 20 S50 1) 41 18
AR o AT FT . LED Sl I 3% 26 B — . JC & At
U8 e R HEATUEOE . R ITE IR B A 2 K4 e A
65 2B AR I GOK B R O6 ZIBL h — B 2 dd
198 A e BOH R A — 253 A TR OE 2 e i A7 gk
ot T H A 4 Ot Y BB B A R BRI . [ L LED
I TR P9 R D' i ] R B ' A i T DA o e G TR
BP0 S e P i R S B L 5 gL LED &0k Bt
Z5HL.LED A3 M) SO T O B AR T B Al [ 3)
BG40 LED B 7 fiv vl K ik 22X 10" h,
e AR T RAT IR A2 e %) Gk . LED S IR A
2 A fag B I RE IR R AR A R AF LB . AU
P17 365 nm LED gOGIR 4 X4 PR3] R &5
LR HEA  SE BT AR B A e W O T 2 ) IR Y
4 LED [ 6 6 N e %) T2 i 2 5k
BT AR A

2 ¥SRERESS LED HOGIEBGT
WG S LED B %, >k A LED [ 51 45
e LED B8 % 56 45 14 9 & BRSO AR, T LA
SEELEE LED SGI — & B w5 B T BE 2 AL /Y & B
R o B R T AR Y A R IR R R A 7 A
TG 24 LED B 51 HE A 767 10 1 712 16 51 i
INE AL 5 ¥ 25 LED FE5 HEAi /8 BT — € i 22
s b fE A 54 LED Him 1 A3 585 806
S50 LED SG R 72 HA — & i A2 42 pg 9w |
AINEFERES BRI, A SRR — R .
LED % By 52 Br 3 B4 43 A1 o WL A AR 5% 2 1K
J7 I R A
E(r,0) = E,(r)cos" 0, (D
b 0 AL E G kil BEES LED » Ak 18 8
L om W HBUE AT B 0., PEIE AL TZ A B 1 65 o v
LR A — 2
_ —In2
In(cos 0,,,)°

XL F (XL.Y) (LE AR LED, (x, v, 2) Ab B 5E IR
A3 ] DL oR ot

(2)

m

"1 g

[(x—X)?+ (y—=Y)? 2 ]2’
3

X Liep iy LED 58 B2 . X TP 1 HE 3 1) N XM

LED B4, 24 N M ¥R (840, F R g oyt

N/2 M/2

E(x,y.2) =2"1pp 2 2 X
N M—2

E(«Tayyz) -

m+ 2

TS

[y—<zz—1> %} 42
K d 2l LED Byl B,
FBARTE LED BB AT A IS S .t ol LS B
— TR 5 A 1 B Y T 17 35 5 B B (H L O UR AR
UE HE IR e BUIR K A I T 78 52 B o 20 o i Ry
BB Al LED M3 & 51 6 R 2808 1 Be 41 B
A R/ IR R TR S TN AT R A R LA
P LED #mhb SE i S 48 IR HGR$R e & . B G
R G SR, G AR R AT A5 B A 1 R TR &R
g, 1 NEARERST 0.9 mmX0.9 mm, .0
[P 1 mm (1 4 X ALED BEF Rl 2 4335 53 1 1) 5
B T LR R 10 mm) I Ab 4S5, B 1(a) Ry
% LED 75 i) (E )t R G e B il n B L L N iE
B 2 B X5 HE BT A BE S, B TAERE 855 (b) b iR B
% 2 AS[R) R 2 - 1H A R B 2k (5 OE T TR BE A 1 i
K47 b B0 BE B 40 A T 0T LA L 062 R G AE
TAEM B R 22 mm (4RI SC M SR RE 0
HRHTSLAR Ao 1275 (o) Jy AR R B8 Ak i) 4 BT B i
R 43 A L AT DU Y 3550 i BT N B 5 TE .

3 R

FT 454 -1 B 50 HE A 2 4> 3% B2 S5 L 34
A1 R LED MG UR , 647 T B2 il g 6 e 20 9056 .
JiTH1 365 nm £84h LED (61 W& 2 fir R, Heoe i
2984 10 nm, 1 — A9 365 nm 2847 Y8 F (4 98
FE 20 nm ZEAT L BRSEES o JC T 1 F 4R ARG R R AT
WO, B3 S5 I 45 K HE A R O 20 i ([
ALLRESIST A%y X AR-N 7700/30) Fgif 76 3 i
b I SR AR R i OB UR R G (B LED [ 5]
FIZ G 2H ) R W S T B 20 e R A BRSOy
22 mm , 4 By SEH I ) LED G R G0 B 7E T
I B A0 1) 58 A1 8 7R R BT 0 6 BE L B S o )
JBE B O B L L BR 38 5T 43 A 1 X3 24 2 4 mm X

0416001-2



1

Y55 B 365 nm LED 68 % i M HAe S 20 op i) i

(a)

Irradiance /(10° a.u.)

-8 -6 -4 -2 0 2 4 6 8
& /mm

uniformly irradiated plane

736542
662888
589233
515579
441925
| 368271
- 294617
230963
147308
73654
0

Bl 1 (a) LED =5[] [ 3]0 % R G048 3R 22 18] s (b BEE B8 2 AN [F) B 8 1 10 1 O Al b iy BROEE 43 A
() 22 mm TAFBE 2 4b (% 4% IR T B 0% 1688 73 A1

Fig. 1 (a) Ray tracing schematic of LED spatial arrays’ optical system; (b) irradiance distributions of the symmetry

axis in different plane from the lens 2; (c¢) irradiance distributions of the system in plane of working distance 22 mm
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Fig. 2 Spectrum of ultraviolet LED with 365 nm
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Fig. 3 Configuration of lithography experiment,

inset shows luminous spot of the exposure plane
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Fig. 4 Microscopic images of (a) the mask and (b) developed resist pattern
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Fig. 5 (a) AFM image of developed resist pattern of oblique line part of electrode;

(b) sectional analysis along line drawn in (a)
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Fig. 6 Thickness of resist versus spin coating speed
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