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Fig.2 Schematic of partial coherent illumination
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Table 1 Parameters of the Relay Lens

Item Parameters
Magnification —2.5X
Image field of view 104 mm X 32 mm
Numerical aperture NA=0.205 (6=1)
Variable range of o [0.16,1]
Illumination uniformity <2.5% (transient)

2.1 EX S

MBS A3 4 B T (o) B 8 SCRT, 24 o= 1 I, BB SR M S0 AL A2 5 805 W B i BUE FL AR A 48
SCUL S FIE XoF 17 R 4 4 4 B4 AR G 6 R (Relative pupil) /N R 1, 62 BT ol 3 23 40 B 1 19 K /NI fBL o v 44
e ARG K/ o

AT AR SE B A [0.16, 1], W A 4k 5 28 AR 0 S i A8 Ak VS oA [ 1/6.25, 11,18 05 BB FL AR A8 R3S
FlM[0.032°8, 0.205] 5 #6404 T A T /INFR 55 R 0.24, %t B A X G I B 58~ 1/4.17 4807 B FL 42 4 0.049 2.

e A S A B L o T RE A 4 T PE A S [ i KIS RIUAS ) R S IR 9T T 18O 3 1) BRI B 504
rh 2k 58 21 S i 4 B IRT 4 B s XA T30 o3 B o A% G B e BE S R AR X S I AT I AN, W1 ER 2 B R s SR IR
2 [ 4 FhoRH X FROE O AT PR, A0 ER 3 R .

>

N

M4 HHXBERRNS>FEHR

Fig.4 Diagram of exit pupil regionalism
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Table 2 Numerical aperture corresponding to coherence factor under conventional illumination
Relative pupil or & 1 3/4 1/2 1/4 1/8
Image NA 0.205 00 0.153 75 0.102 5 0.051 25 0.025 62

x3 RERATHETEFNRZHEILE

Table 3 Numerical aperture corresponding to coherence factor under annular illumination
Relative pupil or ¢ [1,3/4] [3/4,1/2] [1/2,1/4] [1/4,1/8]
Image NA [0.205,0.153 75] [0.15375,0.102 5] [0.102 5,0.051 25] [0.051 25,0.025 62]
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Fig.5 Structure diagram of relay lens set of illumination system
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Table 4 Illumination uniformity of convention illumination and annular illumination under different coherence factors

Conventional illumination Annular illumination
Relative pupil 1 3/4 1/2 1/4 1/8 1~3/4 3/4~1/2 1/2~1/4 1/4~1/8
Uniformity /% 0.25 0.38 0.71 0.69 0.76 0.85 0.29 0.71 0.68
Target value Non-uniformity <<2.5%
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Fig.8 Simulation for relay lens set of illumination system
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Table 5 Simulated illumination uniformity of convention illumination and annular illumination under different coherence

factors
Conventional illumination Annular illumination
Relative pupil 1 3/4 1/2 1/4 1/8 1~3/4 3/4~1/2 1/2~1/4 1/4~1/8
Uniformity/ % 0.13 0.22 0.20 0.32 0.32 0.16 0.48 0.23 0.33
Target value Non-uniformity <<2.5%
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Table 6 Experimental illumination uniformity of convention illumination and annular illumination
Conventional illumination Annular illumination
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Uniformity/ % 1.13% 0.35% 0.65% 0.81% 1.21%
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Optimization Design of Illumination Uniformity of Relay Lens in
Lithography Illumination System

GONG Shuang'?, YANG Baoxi'*, HUANG Huijie"”*
(1 China Laboratory of Information Optics and Opto— Electronics Technology, Shanghai Institute of Optics and Fine
Mechanics, Chinese Academy of Sciences, Shanghai 201800, China)
(2 University of Chinese Academy of Sciences, Beijing 100049, China)

Abstract: Lithographic apparatus is widely recognized as an efficient tool in manufacturing Integrated
Circuits (ICs) and other micro - nano structures. During the manufacturing process of ICs, the exposure
field is scanned by a narrower illumination field. Illumination uniformity is a key factor in determining
resolution and Critical Dimension Uniformity (CDU) , which are important performance parameters in
advanced lithography systems. To obtain higher photolithography resolution and better CDU, the exposure
dose must be kept as uniform as possible in the cross—scanning direction. Improving the consistency of the
numerical aperture of each field of relay lens is the premise of ensuring the illumination uniformity. In the
optimization conventional imaging optical design, wavefront error, dispersed spot, or optical transfer
functions are generally employed as evaluation functions. Therefore, it is impossible to fully and completely
satisfying the performance evaluation requirements of the relay lens group using the traditional aberration
evaluation method. The general illuminance calculation of the optical system is based on the Monte Carlo
method. The computational accuracy degree of the result is related to the number of traces light. In the
mainstream optical design software, it is used in a calculation method of four-square cosine of the field
angle, in a large number of engineering practice, the difference between the expected illumination
distribution of the algorithm and the actual distribution are large. Especially for the telecentric optical
system, the result of this calculation method is very worth to be suspected. The relay lens group is used to
image the illumination field on the scanning slit plane on the mask plane. The relay lens group has a feature
of double telecentric and adjustable pupil, so the above algorithm is still not suitable for the relative
illuminance calculation of the image plane of the relay lens group. In this paper, a fast algorithm for
calculating the uniformity of illumination is proposed, in which the numerical aperture of the system is
calculated by approximate algorithm, and the illumination is characterized by the numerical aperture of exit
pupil. The non—uniformity of light field is calculated by this algorithm, which is used as the evaluation
function in the process of automatic optimization to optimize the design of relay lens of lithography
illumination system. Then the designed relay lens is simulated by the software Light tools. The simulation
results show that the non—uniformity of the illumination on the mask surface is less than 0.5% under
different coherence factors. Simulation shows that the algorithm results have high correlation with the actual
performance, reflecting the actual illumination uniformity, and can improve the uniformity of the system by
controlling the value of the evaluation function. The result of the algorithm is proved to have a conservative
characteristic, that is, the actual illumination uniformity will exceed the design value, which ensures that
the obtained results meet the performance requirements. And this evaluation algorithm has a huge
advantage in the speed, which can meet the needs of optimized design. Finally, the integral uniformity of
the designed relay lens is tested through experiment, and the results shown that the non-uniformity of
illumination is less than 1.21% , which can meet the requirement of the illumination non-uniformity on the
mask surface (<C 1.5%). It is proved that the fast evaluation algorithm is effective in the optimal design of
relay lens.
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