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Abstract: An aspherical zoom optical system is designed to solve the problems of adjustment of internal
and external coherence factors, lack of energy utilization and short life of module of NA 1.35 immersion
lithography system. This zoom optical system consists of both three lenses groups and the stop as well as
the image plane. The system consists of 7 pieces of lenses with pupil diameter of 42 mm, view angle of
1.89°, which can realize the focal length of 700 mm~1 830 mm, zoom ratio of 2.16, and the three
aspheric surfaces are all designed in concave surfaces of optical elements. The design results show that the
system is with good imaging quality of RMS diameter less than 40 pm and distortion less than 0.5%,
which can satisfy the usability requirements of the immersion lithography lighting system.
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Fig.1 Schematic diagram of the optical system
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Fig.2 Principle of the mechanical compensation zoom system
(&1 2 v 3 3k 708 A 20 RRMEE 2H 22 TA] B9 26 PR % B RE A6 S22 2R 40 34 S A8 5 1 20K, T AR Ze MR8 2l g 6% 52
B A5 T P Mz AR £E R G0 BT A 3R i e R A BT A RO AR e NA 1,35 12 B 2Ok ) R
RGBT R X 45 A5 2H 1) 45 R RN B 4 2 1] 1Y R 8 AT e B E B OR X625 R AT E
TEAI UG L BEAL 78 A5 4 RN RD 2 4 B R RS 28 7T LA R IR

/
b= —dn (D
/'
b= g —do (2)
AN RGBS E WA R ] DI RN
B;::——[I)——Z(fé#—fé)]:t[1>——2<féj—fé>2——4<fé4—fé/A@%ﬁg>cfé+aféAﬂng>] 3
20f 5+ f5/MB2Bs)
K. D=2Cf1+ ) —fr(B+1/B)— f5(B+1/B:)
TEHE— AR B AL, 6 RFE R AMEA RS R T LR R R
Bs=MpB.B3: /B3> 4)
AL WAL R IR A
(1 1
=15 5) @
M AL A LSRR
y=r5Bs — B (6)
T[] 22 A AR 2H 2 (8] 9 8] B o] DL 3R s
d'=d., +x (7)

754 G TR 2 22 T 19 (8] B mT DA R R
d=dy —x+y (8

K, FUREE  DNERANERE.R NS DN TE RO B KR BN ¢ AN A TE AN AR R A AL X
IR % d AT A B A D2 R BE B s ¢ A8 20 e A 78 4 7 8 b &S 4H B 22 (8] Y R
BLM OB RE AR e WO RGP A A N M B SRRy W RN R TG
H Al 1 B Bl PR B R R B AME A B B B R RS .0 =1,2, 35 =1,2,3.

A B T X AL 1E 5 W03 A1 56 515 22 WL B = B Y il i AR RN ) O G o BE A LR AR KA RS E
IR o A B T A 4 R B AR BR 1w R AR S R mT AR BR 1 A A A R R R R A PR AR YZ SF T
N, AR BRI A e Rk A

Z

- 3 Ay ®
1+ V1 =04k A/r)yr =

S W ARERT 0 L8 A, W AEERTE 27 B R WIS 25 <10k R AEBRTH W R K.
3 TERFHRIT

3.1 TEXZFRFZITER
RS A RGBS ] DU AR B2 R G AN S5 SR 5 R CODEV 62 it
B RE AT =R L AL R S,

0122002~ 3



P/ R S 4

1705 B O 2 B0 Z G b BRI ODRUR B TAE DK A 193,368 nm K FL A% % bR B F AR BR AR 2 R G0 56 —
TE 2 B R T AR 10 mm &b OSBRSS 5 — BB AT A G A BB B A PR IE S BN X
R BRI R G328 S W 1A 8 LA 10 TRIES 12 TR S SRRSOk PR R R AR LSS s Al
R E 5 O 2 28 0 B =378 5 28 RN TG S A A S B aA R

3 MIZARRR AL MR e RGEAE M L ol =B O B T A 8 3y 7R B B A — A SO B A A
7S 7 i B i R R S8 AL 85 28 L 7 i BEAE R D J 0 9 Ol bR e BB A8 TR IE S £ AR G B AT R A 1 T
AE IS Al 75 il 5 S S B2 A9 i P BE A8l 4 e O i S R 22 20 R AL 3 AR ERTH OG- R GEA i
HARH 42 mm . W08 1.89° AR BRI 700 mm~1 830 mm, AAF N 2.61. 0652 RGN F B LN
16.7~43.57. K, R FH AR BRI S 5 R G0, X 88 A 6 20 B O 0l 2 28 G0 1Y e 22 2 1 BT LA K% P i i v #8222
KEE M.

Mirror

Mirror

Image plane 9

Image plane |||
(a) EFL=700 mm (b) EFL=1830 mm

B3 k¥wité R
Fig.3 Result of the optical design
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Table 1 Parameters of the zoom optical system

Surface Radius of curvature/mm Thickness/mm Glass Comments
OB]J o o

1 = 10 Aperture stop

2 116.051 6.835 Fused Silica

3 oo 0.500

4 57.652 9.000 Fused Silica

5 139.964 53.866 Aspherical surface

6 —114.916 8.000 Fused Silica

7 29.955 155.505 Aspherical surface

8 oo 15.000 Short focal interval
49.000 Long focal interval

9 186.293 7.786 Fused Silica

10 —175.026 273.271 Short focal interval
133.689 Long focal interval

11 128.225 8.000 Fused Silica

12 —185.349 9.056 Short focal interval
114.643 Long focal interval

13 146.640 7.400 Fused Silica

14 62.672 252.744 Aspherical surface

15 2438.783 20.483 Fused Silica
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Table 2  Aspheric coefficient results for aspheric surfaces

Surface 5 7 14
K 0 0 0
A —7.261 346 636E—08 —1.954 861 865E—09 1.387 294 143E—08
B 1.427 080 662E—11 1.289 044 470E—13 —9.706 669 466E—13
C —5.524 176 230E—15 —3.407 175 819E—17 5.289 781 709E—17
D 2.680 124 469E—18 4.096 662 57T4E—21 —8.411 089 288E—21
E —3.892 182 748E—22 —2.310 553 616E—25 7.498 209 417E—25
F 4.288 048 761 E—26 2.125 503 654E—30 —2.780 555 645E—29
G —1.183 962 447E—31 1.443 185 625E—34 1.159 764 082E—35
H 5.384 130 431E—35 1.202 128 319E—38 5.894 696 917E—41
I

—6.504 596 506E—39

—7.103 188 297E—43

—5.199 523 500E—44
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0.00, 1.00 |RMS=0.039188 0.00,1.00 | @ |RMS=0.031771
0.000, 1.890 DG = 100%=0.098172 0.000, 1.890 DG S 100%=0.065538
0.00, 0.84 |RMS=0.031553 0.00,0.84 | ‘ | RMS=0.027983
0.000, 1.596 DG = 100%=0.077073 0.000, 1.596 DG - 100%=0.078848
0.00, 0.71 |RMS=0.028708 0.00,0.71 | 8 | RMS=0.026840
0.000, 1.343 DG = 100%=0.073040 0.000, 1.343 DG 100%=0.081000
0.00,0.50 | |RMS=0.028867 0.00,050 | o |RMS=0.025839
0.000, 0.950 DG = 100%=0.072350 0.000, 0.950 DG 100%=0.081737
0.00,0.00 | * |RMS=0.033863 0.00,0.00 | | RMS=0.027300
0.000, 0.000 DG - 100%=0.075563 0.000, 0.000 DG . 100%=0.086732
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