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Abstract Based on optical design theory of imaging illumination and non-imaging optical theory, an initial optical
structure of illumination system is established according to the special requirements of Talbot self-imaging
lithographic equipment. The optical design software Zemax is applied to optimize the initial structure. The software
Lighttools is used to set up models and perform large-scale ray tracing. The simulation result shows that the

nonuniformity of illumination approaches 1.83% in the illumination area of 60 mm X 60 mm. Meanwhile, the power

2

density is no less than 1.15 mWemm °. The tolerance analysis is carried out on the illumination system. The

results show that the illumination system satisfies the demand of Talbot self-imaging lithography.
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Fig. 1 Principle diagram of Talbot self-imaging lithography
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Fig. 2 Optical structure of critical illumination
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Fig. 3 Optical structure of Kohler illumination system
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Fig. 4 Flow chart of illumination system design of Talbot self-imaging lithographic equipment
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Table 1 Design indexes of the illumination system

Ttem Value
Back working length /mm 300
Scanning range /mm +2
Numerical aperture 0.04
[lumination area /(mm X mm) 60X 60
Nonuniformity /% <2
Optical material Silica
Power /(mWemm™*) >1
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Fig. 5 (a) Single lenslet array; (b) double lenslet arrays

082201-4



54, 082201(2017) BHSNBEIZHE www.opticsjournal.net

Wit dR bR o R BT AL A2 NA =0.04 AHFEBITHI, Ry 7 ORIE S IR AT 5 062 R Gy DL e, &2 IR 1 4L
{ELALAR N W /N T 22 RO B 4 B0 BUE AL A, 45 5 SRS R I T T 22 LA RCRE T 25 70 ORIE I I 8% &) M Y T 42
T ERRSIAR /N, WITERER D=5 mm.

& 6 nl 4%
D,
tan ul—zf,l, (3)
n'sin ui1=NA, 4
zx' = ff", (5)
1 1 1 1

Kb r HTFBEBA AR, o\ RIS, O IRAR T R 2 S LAY 5 R RO R R R L 2 S L
1807 45 R SRR AR EE L L S LA 7 E RO R EE L 1 O LUBOT RO R R RS

| A ‘

6 B HE T 3 BB 1 ) 5 g L AR 0 B
Fig. 6 Geometrical relationship between single lens let

B E =nysin 0 f1(2) 2XAT DL R IR 3 F B B i M5 7 = 62.5 mm, FEAR I 35 il O i () 2RI (5)
e BB R LA rA~32 mm. PRBE JR B4 2800 A9 4 K 5 2R, B IR SR A 3k, B Zemax o
RMS Spot Radius {4t eRE/E R ALK X T B BE 45 M BEAT Ak . 26 08 Ak o 78 rp 35 B4R IE 7 4 A I 5 1
W —8E . 2 Zemax (iALE BHE T BB IE 7 Frw ., EIREBFE SR IE 8 B 7 07 Xk
FrHEAE . AR FHEA 7 2 8 K A — B B R GRS B R ARAR I aE B0 A AT LA R B
G5 AN 4 3 ) 52, S AR v IR 3 Ak

Bl 7 HHTFER
Fig. 7 Single lenslet

clear aperture

&8 A HE AT 1437 BE 5
Fig. 8 Dislocated lenslet array
4.2.2 Ritba
AR AR Ay P D B 5RO B 2 K 5 R B 9 A AL AR ' DR Ak BT R ) — IR SR AE T 55 k. fh T DA S
ROCH S AT EREZ A AU S E L aE 9 Frs .,
i & 9 Al 1R

082201-5



54, 082201(2017) BHSNBEIZHE www.opticsjournal.net

condenser lens
o

single lenslet

B9 HOLHASHE T 75 0 LT X
Fig. 9 Geometrical relationship between condenser lens and single lenslet
D, _ |/ 1
D, | f. B
Kb £, EOCEEEIE B KR, D, HER . D, IR 55,

BRAE (DR 1B RIIGEE D, =60 mm, 7T AT 5 H BOBB AR £,~760 mm. b K%K
B=—20, KT HE Zemax "PIZHOLE  BOLHE AL FH R (817 10 07 58 047 00 AL 35 31 bR SR 4 32
A BE R il RMS Spot Radius P4k 58 BIAE A 16 £ 4 4 % 58 Ot 5 40 45 440 5 A7 £ Al o ) (U SO B 4 5 T8
SRR REBEICE . 10 RIS M BOLEEL . FEK RO S WUHE R IR B 0 1 A7 R A PR AL I & 52 R
R 1 6 2 R BT A 11 TR

Kohler illumination surface first image space

, D

j condenser lens
K10 Bp ot ROLE A
Fig. 10 Reversely designed condenser lens set

double lenslet arrays Kohler illumination surface
condenser lens

11 BUHE 35 B2 R 51 45 SR B 21 A 1RO ) T B 45 4
Fig. 11 Kohler illumination structure consisted of double lenslet arrays and condenser lens set

4.2.3  MZS R HELA

TER W ZI LAY BRI ZR e b, SR IRk i e R 28 0 52 IR W ) RV SR B3 I B 4 IR S B R Al | 7R B R
TR A USRS E 2, — RO R AL (60 mm X 60 mm, % 1) A FEASAR 2 17 B4 B 6 2 AR H RHEhR 2 —
R AR I AR R BRI R G0 DR RS 2 Bl 22 48 K 308 2 DRMR 8 I oG 4 1) 3 o i A [ R R
BR2E W AR S LR AL IE . RO O W BE A T IRB R GE 1T LA AL e AR R R, 53 Ah B O R
Yy i 25 LR B8 T DAy T S B A T D A5 TR A R — 2 R B S AR L R RS IR R S R L 0 BRI TR
i) R T T T LS DA R T 4 o] R 't 3 TR I e ARR S R IR T B )

AR 1 s B IR R b, XL O PR B L B S 808 W) 7 % 60 mm X 60 mm ., ) )5 B fE FLA2
NA=0.05, B RAE R — 1 MBI im0 M <<0.5° b MR B BCR M A S 3B . BT LRt 28075
Zemax BAF S 00 O R B ) B2 20 B 0 4 S5 A L AN IRT 12 s o 12 R B W B 2 TR 5 T R R A 5 A 0 — 2D

Kohler illumination surface stop wafer

A A [

P12 XUz B B e 2

Fig. 12 Dual-telecentric illumination lens set
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Fig. 13 Integral structure of the illumination system
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Fig. 14 Ray tracing model established in Lighttools for illumination system in Talbot self-imaging lithographic equipment
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Fig. 15 Simulation result of ray tracing. (a) Distribution chart of light power density; (b) Y slice; (¢) X slice
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