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The invention relates to a projection objective of a microlithographic
. projection exposure apparatus, which serves to project an image of a mask
which can be positioned in an object plane onto a light-sensitive coating which
can be positioned in an image plane, wherein the projection objective has an
optical axis (OA). To make it possible to use highly refractive crystal materials
while at the same time limiting the negative effects of intrinsic birefringence, a
projection objective according to one aspect of the invention comprises at least
one lens (143, 255, 360, 470) which has at least one curved lens surface and is
put together of at least four lens elements (143a-143d, 255a-255d, 360a-360d,
- 470a-470d) of intrinsically birefringent material which are arranged so that
they follow each other in mutually adjacent relationship along the optical axis
(OA), wherein the four lens elements are made up of two pairs of lens elements,
wherein the two pairs have crystallographic cuts being different from each
other, and wherein the lens elements of each pair have the same
crystallographic cut and are arranged relative to each other with a rotary offset

about the optical axis (OA).
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%1 (Blz a3t EH)

(NA = 1.55 ; #& 193 nm)

& & 8 B #H# Lk -t
0 0.000000 52.291526 62.5
- 1 185.414915 36.606310| SILUV 1.560364 ,93.9
2 -2368.330782| 103.305956 94.5
3 1135.440971 81.730311| SILUV 1.560364 101.4
4 -836.574481 7.626264 101.9
5 642.761068 10.166290| SILOV 1.560364 94.3
6 -28777.509893 17.021812 92.4
7 374.784051 23.493394| sSILUV 1.560364 88.9
8 -739.574652 12.599110 86.7
9 0.000000 0.000000| SILUV 1.560364 82.0
’ 10 0.000000 35.701682 82.0
11 | -287.062457 8.020868| SILUV 1.560364 87.6
12 -260.605102 8.348886 ~ 89.8
13 356.037256 34.761348) SILUV 1.560364 102.3
14 -1139.573155 45.988038 103.0
15 -297.853763 10.898517| SILUV 1.560364 100.8
16 -286.492576| 442.012212 102.4
17 -186.492728| -232.661918] REFL 162.7
18 213.357562| 272.661219| REFL 150.8
19 186.190755 63.407664) SILUV 1.560364 © 143.4
20 559.595962| 102.212676 138.9
- 21 336.987586 10.146122| SILUV 1.560364 - 98.0
22 98.067417 59.917522 83.0
23 2014.227818 10.231531] SILUV 1.560364 83.9
- 24 209.706892 5.2183961 88.7
25 187.199398 16.497859| SILUV 1.560364 90.5
26 563.378273 25,195888 92.4
27 -358.535155 9.999385| SILUV 1.560364 95.4
28 -369.270277 4.329131 104.5
29 6342.575536 49.942200) SILUV 1.560364 124.0
30 -323.631832 0.997442 127.3
‘ 31 -503.301175 35.880564| SILUV 1.560364 129.5
32 -236_.865310 0.997844 132.5
33 -1601.468501 29.219759| sILUV 1.560364 133.0
34 -298.758201 1.000000 134.0
35 808.661277 24.892404] SILUV 1.560364 130.1
36 -2015.744411 1.000000 128.8
37 232.975060 41.179286| SILUV 1.560364 120.7
38 2382.195206 1.000000 116.6
a9 192.288001 45.336304] SILUV 1.560364 110.2
40 -1085.511304 1.000000 107.6
41 139.778134 25.996093| SILUV 1.560364 84.0
42 482.429105 1.000000 78.8
U S . a3 83.925256 60.000000.}__LUAG 2.143500 60.2. — |...
44 0.000000 3.100000| HIINDEX 1.650000 24.1
45 0.000000 0.000000 15.6
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#2 (Blz ki@ S#):

£ % - 96129912

9 48 A 1384 E-¥#E

7.
U

1-6322556E-31-

24

& & 1 4 6 8 12
K [} o ) 0 . 0
c1 -6.447148B-08| -1.825065E-07| 7.288539E-08| 1.468587E-07| -8.341858B-09
c2 3.904192B-12) 1.875167E-12| 4.4643008B-12| -6.136079E-12) 3.035481E-12
c3 -1.742805B-16] 9.471479B-16| -3.280221EB-16| -6.664138E-16] > 1.950958B-16
c4 -2.099949E-21| -3.417617B-20| -1.914887E-20)] -1.246213B-20] 6.966650E-21
cs 1.526611E-24| -3.618274B-24| 5.811541E-24| 4.088277E-24| 1.855444E-24
cs -1.341115B-28| 3.456865E-28| -6.504073E-28] 7.614765E-29| -1.407831E-28
c7 3.864081E-33| -8.427102B-33| 3.066152E-32| -1.622968E-32| -3.044932E-33
E X 14 15 17 18 20
K o [ -1.9096 -0.5377 0
c1 -5.818454B-08| -3.254341E-08| -2.658999R-08] -1.536262B-10| -8.785831E-09
c2 -2.919573B-13| 3.968952E-13| 1.561056E-13| -2.682680E-15| 5.646919E-13
c3 -3.209102B-17| -2.807842E-17| -4.132973B-18| -3.645198R-20| -6.454482E-18
ca 3.126755E-22| 4.190647E-21| 5.067872B-23| 1.4994098-24| -2.410154E-22
cs 3.818902E-25| -3.741144E-25| -9.622504B-28 | 1.222432B-28] 1.104073B-26
c6 -8.486242B-30| 3.532694E-25| 1.189984B-32| -6.277586B-33| -2.437139E-31
c7 -2.419178E-34| -1.204525E-33] -1.166383E-37| 1.594458E-37| 2.163229B-36
EXS) 21 23 25 28 29
K 0 0 ) 0 0
c1 6.965245E-08| -9.869141E-08| -3.835477E-08)] 1.2149578B-07] 5.3485378-08
c2 -2.619816E-13| 3.468310B-12| -7.670508B-12] 1.647962B-12| 2.629539E-12
ca 9.867326E-18| -1.114544E-15| 7.876676E-16| -5.350727B-16| -S.067530E-16
ca -6.513277-21| 1.484338E-19] -1.643323E-19| 3.115581B-20| 4.241183E-20
cs 1.222326E-25| -2.541221E-23| 1.862076E-23] -6.028858E-24| -2.286931E-24
cs -7.772178E-30 | '2.753259E-27| -1.538795E-27] 5.836667E-28| 6.869266E-29
c7 -1.760691B-33| -1.058751E-31| 6.396967E-32| -1.784413E-32| -8.3911908-34
& & FEN 33 36 38 40
K o 0 0 0 0
c1 3.570488E-09| -1.108288B-08] 1.098120E-08| 3.498535B-09| 4.009017R-08
c2 -2.899790E-13| -5.556755E-13] -8.319264E-13| 1.277784E-12| -5.714125E-12
c3 1.081327E-16| -3.884368E-18] 3.311901B-17| -7.357487E-17| 6.202718B-16
c4 -1.1728298-20| 1.842426E-21| 7.733186E-23] 1.115535E-21| -5.344939E-20
cs 2.404194E-25| 3.001406E-27| -1.051458E-26| 2.894369E-25| 3.354852E-24
c6 1.461820E-29] -7.804121E-30| -4.556477E-30| -1.579978E-29| -1.359158E-28
c7 -5.103661B-34| 2.042295B-34| 1.779547E-3a| 3.499951E-34| 2.690400E-33
& & 42

K o

c1 6.190270E-09

c2 1.866031E-11

Cc3 -3.186549E-15

c4 5.2198B1E-19

cs -6.008898E-23

c6 4.502251E-27
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9 % 8A 1384 E-4%4EA
%3 (B2z %3 FH)
- & EX BE a8 1)
43 83.925256 18.811177 59.352000 {1111, 0e°
43-1 71.231464 12.333822 47 .005000 [(100], 0e°
. 43-2 67.178888 17.981551 39.406000 {111], '60°
43-3 112.134029 10.873450 29.975000 [100] , 45°
k4 : (B3z % FH)
& X BR A6 ¥ @
55 83.925256 12.607042 $9.352000 {1001}, 0°
55-1 77.135134 17.932508 $1.420000 {111}, 0°
‘ 55-2 69.245362 12.671815 40.045000 (1001, 450
55-3 83.666266 16.788934 33.150000 [111], 60°
%5 (B8z %t &FH)
X X ER ILE 7@
60 83.925256 19.035457 $9.352000 [111}, Qe
60-1 76.747847 18.570918 47.807000 [111], 609 -
60-2 79.720372 11.251608 36.706000 [r00], o°
. 60-3 89.328649 11.142019 29.359000 {100]}, 45¢°
%6 - (B9z= &3 EH)
A& 5 AR Ey ) ¥
70 83.925256 12.393240 59.352000 {100], 0°
70-1 76.816691 13.261777 51.476000 {100], 45°
70-2 77.973028 17.501591 44 .111000 [111), [V
. 70-3 82.294822 16.843390 33.101000 {111], 60°
7 (B12z %3 5H)
& E¥-3 BE EX T XEA 9. 6, ¢
80 83.925255 18.511684 59.352 45.00°, 54.,74°, 0°
80-1 88.452895 10.271444 49.77 68.67°, -1.62°, -64.28°
80-2 88.273071 15.476090 43.292 43.54°, 55.62°,  61.84°])
80-3 67.128546 15.740778 31.226 31.43°, 4.97°, 14.66°
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