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0000000000000 0000O00D00O0DL0D00O0DLoDU0O0oODOoDUOooODoOoOoao
000000000 O0oO0O0DOoOoOoooooao
Oooooao
0000000000000 0000O00D00O0oL0DO0O0O0oDoDO0OooODoDoUooODoOoOoao
0000000000000 000D000D0DO0o0ooDo0Oo0ooDo0o0ooDooooooan
0000000000000 0000O00D00O0OL0D0O00o0DU0O0OoODOoDUoOoOoOoOoao
OOoo0oooooooo
Oo0o0ooan
0000000000000 0000O00D00O0DL0D00O0DLoDU0O0oODOoDUOooODoOoOoao
0000000000000 O0O0DO0O0O0OO0DO0DO0OoDOoDO0DO0OoDOoDO0O0OoDOoDOoDOoOoODooOoao
0000000000000 000000D0000D00o0oDU0o0o0ooDoUooODooOoaon
0000000000000 0000O00D00O0oL0DO0O0O0oDoDO0OooODoDoUooODoOoOoao
00000000000 ooooDoooan
Oooooao
000000000 O0O000O0O0O0DO0oOoo0DoDooOoDooooao
0000
: m ER S HE EiF®E  193.368 nm ADEE
L1 404542022 36.232225 | SIO2 1.56078570 88.996
r 2 -184.402723 JETkm|  1.000090 =5 1.00000000 95.088
3 574 592073 51347982 | SIO2 1.56078570 102.076
[| 4 _174.232362 144 581202 | =% 1.00000000 102.829
‘[ 8 -162.800929 JEERT | 14.999048 | CAF2 1.50185255 53.189
] -1456.920767 15293417 | =5 1.00000000 53.896
[ [ 7 -202.841004 15293417 i) +.00000000 67.884
c |8 -1456.920767 -14.099049 | CAF2 1.50185255 67.836
9 -162.800929 JFIkm | -129.581898 | == 1.00000000 67.241
[ [10 -2538.490880 JETRim| 174.873667 R & 1.00000000 89.519
11 -391.507349 46632422 | SI02 1.56078570 140.865
12 -195.389639 0.999852 B 1.00000000 144.625
[ [13 1411.077988  |JE=km | 41.703225 | SI02 1.56078570 160.805
L -529.305238 0.999461 e 1.00000000 162.519
15 1458.778723 34.033768 | S102 1.56078570 165.701
[ [ 16 -3002.433858 1,088813 B 1.00000000 166.002
c D17 212.825771 57.638065 | SI02 1.56078570 165.361
18 436.070633 JFEkm| 107.276235 | == 1,00000000 157.551
[ [18 807.065576 Jeskm| 13.824876 | SI0O2 1.56078570 136.972
r 20 290.022861 105.550031 | == 1.00000000 129.323
21 153.210365 45.794134 | SIO2 1.56078570 102.069
[ [22 136.220631 56.777310 | =% 1.00000000 85525
[ |23 -236.154610 JEkm | 16.122149 | SI02 1.56078570 84.150
24 196.227428 58.167782 | T 1.00000000 89.217
[ [ 25 -225.833560 50.831340 | SI102 1.56078570 97.239
r 26 -193.684381 3.215881 e 1.00000000 118.689
27 1270.382760 |9k | 43.092200 | SIO2 1.5607B570 138.308
[ [28 444 089768 15.430530 | == 1.00000000 145.054
[ |28 798.722954 70.480347 | 5102 1,56078570 148.503
30 -372.865243 1.829734 B 1.00000000 155.186
[ 31 1055.533545 39.622524 | SIO2 1.56078570 165.276
[ 32 -843.038518 36.110674 | =& 1.00000000 165.989
33 397.601005 52148862 | SI02 1.56078570 165.961
[ [ 24 -2316.548771 4213465 | =% 1.0000000Q 164.343
[ L35 0.000000 0.000000 EE 1.00000000 163.851
36 0.000000 24329363 | == 1.00000000 163.851
[ [ 37 -584.913340 13.012880 | SIO2 1.56078570 163.706
[ [ 38 1175679472 0.909882 B 1.00000000 163.968
39 468.096624 53.626064 | Si02 1.56078570 161.375
[ [ 40 -851.698483 0.999930 B 1.00000000 150.675
[ |41 199.043165 50.143874 | SI02 1.56078570 132.604
42 1068.213664 JETRm| 0.999723 B 1,00000000 126.083
[ [43 159.145519 28.472240 | Si02 1.56078570 103.283
[ 44 185.472842 JEER@|  1.000460 B 1.00000000 80.240
45 118.935626 36.986741 CAF2 1.50185255 52.041
[ [ 46 183.063185 JEERm | 1.167554 B 1.G0000000 65.440
[ 47 108.701433 56.721488 | mJEire] {.70196985 58.621
. 48 0.000000 1.996512 BERES 1.50667693 18.135
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(22) JP 2006-309220 A 2006.11.9

DoOooo
U OEEEER
[
[
(@ 3 5 § 10 13
K 0 0 0 i) 0
(1 -2.7226956-00 1.9606290-08 19606295-08 | -2.0085178-08 4 .6688608-12
(e 7.5849948-13 7.765807e-13 7765801613 | -0.0972656-14 | -1.731249e-13
C3 9.8466126-17 1.917740e-17 1.917740e-17 | -B.260726e-18 | -6.240777e-19
[ ca 5.877818-21 2.910700e-22 2.9107008-22 5.0855476-23 4036403623
([ ¢cs 1.011674e-24 1 2247350-25 1224735625 | -1.203685¢26 | -1.100969e-27
c6 1.051032¢-29 3.426250e-30 | -3.426250e-30 | -9.728791e-31 5.706583e-33
[e7 0.0000008+00 3.000000+00 0.000000e+00 0,000000e+00 0.0000008+00
([ cs 0.000000e+00 0.000000e+00 0.000000e+00 | 0.000000e+00 | _0.000000e+00
[Ce 0.000000e+00 0.000600e+00 0.0000008+00 0.0000006+00 | _0.000000e+00
(| @ 18 19 23 27 47
K 0 0 0 ) 0
ST 7.9821116-08 1777327608 | -1.163364e-07 | -7.2035856-09 11229016-08
¢z 8.423501e-14 3329332613 | -0.570513e-13 1.049118e-13 | -3.595965e-14
c3 7592975619 2.038481e-20 4235584017 | 7.379754e-19 | -2.518839e-18
[ ca 1.931064e-22 7.263040022 | -7.7332588-22 7.1961966-23 4313506022
([ c5 5.2042626-27 13.3792146-26 2136062626 | -0.0453742-28 | -1.564968-26
6 B.8633208-32 5.8786536-31 1.705507e-30 4329006832 3.2233908-31
&7 0.0000008+00 0.000000e+00 | _0.000000e+00 0.0000006+00 0.000000e+00
([ ¢cs 0.0000008+00 0.000000e+00 0.000000e+00 | _0.0000008+00 0.000000+00
-[ce 0.000000e+00 0.0000008+00 0.000000e+00 | _0.000000e+00 0.0000008+00
(@ 44 26
K 0 0
[eq 1449926208 6.3132526-08
[ ¢z 5.832083e-13 1.940331e-12
c3 6.9755708-17 2.3736866-16
(ca 3.546013e-21 ~1.406348e-21
(| c5 1.283131e-26 -1,4698138-25
[cs 1.520482¢-29 9.5840308-29
c7 0.000000e+00 0.000000+00
[ [ cs 0.000000e+00 0.000000e+00
 Lce 0.000000+00 0,0000008+00
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ugod
1] *E B HE EHE  193.368 nm HDFE
1 -414.121100 42.366173 Sio2 1.56078570 88.585
2 -180.3982886 JEEkim _ 0.987246 ER 1.60000000 95.880
3 672.276124 51.013183 S102 1.56078570 102.455
4 -176.777070 141.655598 | =X 1.00000000 103.078
5 -155.975967 JFEkm]  14.997355 CAF2 1.50185255 51.750
6 -1379.092049 14.967737 ER 1.00000000 62.450
7 -199.579690 -14.967737 &t 1.00000000 66.450
8 -1379.092049 -14.997355 | CAF2 1.50185255 66.430
9 -155.975867 JFEkim| -126.660492 | FH 1.00000000 £65.918
10 -2739.696693  |FFERm| 171.620680 ) 1.00000000 89.015
1 -377.604010 48.768472 S102 1.56078570 140.210
12 -192.471339 1.143047 ER 1.00000000 144.656
13 1832.945177  PEERmm|  45.701706 SI02 1.56078570 159.612
14 -432.630174 1.309799 ER 1.00000000 162.061
i5 960.131289 33.354459 5102 1.56078570 165.645
16 13106.162262 1.201087 =R 1.00000000 165.350
17 211.754857 52.094947 5102 1.56078570 164.107
18 368.724438 FEzkdn| 111.682117 | &= 1.00000000 156.247
19 695.817447 JEskim| 18834797 Sioz2 1.56078570 137.290
20 273.576895 102.726189 | == 1.00000000 128.441
21 153.882013 53.558789 Slo2 1.56078570 103.781
22 134.234534 55.463264 | ER 1.000C0000 84.662
23 -264.669591 JERKmn  13.022221 Sto2 1.56078570 83.344
24 199.502899 58.221149 | =X 1.00000000 88.287
25 -238.260240 59.896334 SIo2 1.56078570 97.407
26 -196.613503 1.765954 ER 1.00000000 118.186
27 1196.470171 JEskm| 13.989223 5102 1.56078570 136.152
28 432.683820 16.877009 =R 1.00000000 143.023
28 868.369835 68.316963 sS102 1.56078570 146.466
30 -368.754428 3.325465 ER 1.00000000 153.285
31 948.367854 41.454358 §102 1.56078570 164.595
32 -811.359547 21.980014 | =X 1.00000000 165.329
33 379.644456 54.827896 S102 1.56078570 165.179
34 -2000.974239 -5.708303 =R 1.60000000 163.419
35 0.000000 0.000000 ER 1.00000000 163.100
36 0.000000 22.976075 =R 1.00000000 163.100
37 -613.803055 12.999109 S102 1.66078570 162.829
38 -1347.086830 1.077015 xR 1.00000000 162.653
39 507.225908 51,105620 5102 1.56078570 159.495
40 -817.071242 1.390689 ER 1.00000000 157.771
4 186.916911 50.121407 S1o2 1.56078570 128.074
42 751.052938 JFEkmm|  0.999451 ER 1.00000000 123.165
43 154.750641 22.396936 8|02 1.56078570 100.269
44 200.808041 JExkin|  0.999868 R 1.00000000 91.478
45 121.066042 34.146717 CAF2 1.50185255 82.634
48 169.446884 JERkin  1.216841 TR 1.00000000 66.454
47 103.838634 20.583027 8102 1.56078570 59.765
48 103.718650 26.520620 | mEiE1 1.70196985 46.439
49 0.00000¢ 10.000000 S102 1.56078570 30.982
50 0.000000 1.996512 mJEIE] 1.70196985 18.983
51 0.000000 0.000000 xR 0.00000000 17.000
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(24) JP 2006-309220 A 2006.11.9

goodano
[ FFBRTEE 3K
(
l
[ i} 2 5 g 10 13
K 0 0 Y D 0
[l &1 -4.404795e-09 2.108903e-08 2.108903e-08 -9.135670e-10 1.661215e-10
[ c2 5.820715e-13 9.182484e-13 9.182484e-13 -1.408356e-13 -2.907275e-13
C3 8.269357e-17 2.420748e-17 2.420748e-17 -6.913184e-18 1.928971e-18
[|_C4 6.832303e-21 3.816551e-22 3.816551e-22 -2.311766e-22 1.44328%¢-23
[ C5 1.109394e-24 2.038192e-25 2.038192e-25 9.899481e-27 -1.206840e-27
cs -1.950134e-29 -1.306007e-30 -1.306007e-30 -2.195577e-30 7.504603e-33
[_c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
[ C8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.0000C0e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
l
[ if1] 18 19 23 27 42
K 0 0 0 0 0
[|_C1 2,067993e-08 2.12572%e-08 -1.336932e-07 -8.139318e-09 5.632057e-09
[ cz2 -1.794696e-13 1.937856e-13 -1.521795e-12 9.789279¢-14 -6.884692e-18
c3 1.805678e-19 3.281010e-21 2.384680e-17 -1.958751e-18 -3.284658¢-18
[| C4 2.458151e-22 1.028071e-21 -5.679311e-22 1.143247e-22 8.24756%e-22
[ c5 -6.710693e-27 4.445379e-26 -4.218802e-25 -2.189820e-27 -3.538280e-26
Cs 1.158381e-31 8.293984e-31 3.402670e-29 7.977100e-32 7.399997e-31
[| C7 0.000000e+00 0.000000e+00 0.00000Ce+00 0.000000e+00 0.000000e+00
[ c8 0.000000e+00 0.0000Q00e+00 0.000000e+00 0.000000e+00 0.000000e+00
C9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 £.000000e+00
l
[ [if] 44 46
K 0 0
[ C1 1.802314e-08 7.847301e-08
[ cz2 1.052624e-12 1.326566e-12
Cc3 1.095964e-16 -3.074253e-16
[l C4 3.3510682e-21 1.612295e-20
[ C5 -1.457687e-25 -4.631529¢-24
C6 3.258770e-29 5.620462e-28
[| c7 0.0000002+00 0.000000e+00
[ cs8 0.000000e+00 0.000000e+00
ce 0.000000e+00 0.000000e+00
l
g

10

20



g — ™ ™ Mm Mm M /.o 1 P P e e e

(25)

JP 2006-309220 A 2006.11.9

good
1] FB EE HE g 193.368 nm HHEE
1 -451.633069 41.847802 5102 1.56078570 B8.846
2 -179.764443 JExkim|  0.997865 TR 1.0000C000 95.677
3 788.811739 49.515274 Slo2 1.56078570 101.750
4 -175.765286 142.344513 | =X 1.00000000 102.424
5 -152.168282 JEERmm| 14.999283 CAF2 1.50185255 52.217
5] -1224.296886 15.148776 ER 1.00000000 63.166
7 -197.634797 -15.148776 R & 1.00000000 67.215
8 -1224.296886 -14.899283 | CAF2 1.50185255 67.146
9 -152.168282 FFEkm| -127.348415 | =R 1.00C00000 66.389
10 -2297.976026  PFEKm| 172.492572 R 1.00000000 88.913
11 -363.477979 48.449667 Slo2 1.56078570 140.748
12 -191.107660 0.999511 TR 1.00000020 145.196
13 1371.212896  |JFTkmm] 46.493123 | SI02 1.56078570 160.992
14 -443.917203 1.000590 ER 1.00000000 162.829
15 1036.740258 32.622427 5102 1.56078570 166.016
16 18207.832821 1.006839 =R 1.00000000 165.744
17 215.621468 52.169416 S102 1.56078570 164.511
18 393.524032 JEekin| 111.107168 | == 1.00000000 156.872
19 806.536545 JEEkin|  16.822440 5102 1.566078570 138.306
20 270.135089 106.851182 | =X 1.00000000 128.559
21 153.204982 53.733281 slo2 1.56078570 105.125
22 135.178987 57.907901 =R 1.000C0000 86.138
23 -265.940335 JFERim|  17.321242 5102 1.56078570 84.520
24 196.940842 56.734300 | == 1.00000000 89.865
25 -240.085893 60.203703 slo2 1.56078570 97.829
26 -196.482791 1.011366 =R 1.00000000 119.023
27 1505.948667  FFrkim)  13.006909 Sio2 1.56078570 137.367
28 436.428499 16.436228 ER 1.00000000 144.478
29 837.903006 68.476413 sSIo2 1.56078570 148.046
30 -356.200116 1.277689 TR 1.00000000 154.245
31 943.310018 42.390198 | 8102 1.56078570 165.276
32 -805.249142 28.982667 | =R 1.00000000 166.006
33 372.901733 57.042107 5102 1.566078570 185.234
34 -2011.241856 -5.362421 ER 1.00000000 163.126
35 0.C00000 0.000000 ER 1.00000000 162.685
36 0.000000 22.693554 | TR 1.00000000 162.695
37 -618.137674 13.166607 Slo2 1.56078570 162.616
38 -1354.641448 1.437096 =R 1.00000000 162.047
39 500.325754 50.334013 §l02 1.56078570 158.446
40 -848.695041 1.055181 TR 1.00000000 156.638
41 190.208184 48.937616 Slo2 1.66078570 128.548
42 871.846545 JEEkim|  0.999300 =R 1.00000000 122.700
43 156.573271 23.501019 sloz 1.56078570 100.182
44 190.148325 JFEkim|  ©.999727 ER 1.00000000 90.347
45 121.071287 34.552923 CAF2 1.50185255 81.853
45 182.689299 JFEkim|  0.998604 TR 1.00000000 65.800
47 105.605176 20.389177 Sio2 1.56078570 58.914
48 99.320659 30.009260 | 75253 1,70196885 45.020
49 ©0.000000 0.000000 TR 0.C0000000 17.000
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(26) JP 2006-309220 A 2006.11.9

e B s B e e e e B e e B e B e s e e

goodano
FEBR T E 3
m 2 5 9 10 13
K D 0 0 0 0
C1 -3.874558e-09 2.221038e-08 2.221038e-08 -3.822240e-10 -8.667348e-12
c2 8.315942e-13 0.873497e-13 9.873497e-13 -1.977352e-13 -2.555495e-13
c3 1.016326e-16 3.165387e-17 3.165387e-17 -5.465052¢e-18 1.320002e-18
Cc4 8.175290e-21 1.398411e-22 1.398411e-22 -3,354122e-22 1.461733e-23
Cs 1.157104e-24 2.420682e-25 2.420682e-25 1.182185¢-26 -0.502963e-28
Cé -3.56447072-29 -4.120639e-30 -4.120639¢-30 -2.423764e-30 5.753067e-33
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 £.000000e+00 0.000000e+00 0.000000e+00
ceo 0.000000e+00 £.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
[if] 18 19 23 27 42
K 0 5] 0 0 0
C1 2.045030e-08 2.256223e-08 -1.285703e-07 -6.512254e-09 1.075423¢-08
cz -1.419891e-13 2.739230e-13 -1.156589e-12 1.223304e-13 -3.072658e-14
c3 5.317906e-19 -3.887897e-22 4.892617e-17 -1.406871e-18 -7.074621e-18
Cc4 1.5122478-22 7.796208e-22 -1.326371e-21 9.709645e-23 9.986934e-22
C5 -3.315707e-27 -3.395311e-26 -3.320971e-26 -1.285907e-27 -4,000417e-26
Cs 6.485461e-32 5.522368e-31 1.382652e-29 5.835628e-32 8.319761e-31
c7 0.000000e+00 0.000000e+00 0.000000e+00 £.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.030000e+00
Co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
[if] 44 46
K 0 o
C1 1.028484e-08 8.250136e-08
c2 3.036683e-13 2.629435e-12
c3 1.031272e-16 -3.068772e-16
C4 4.607368e-21 2.829771e-21
Ccs -2.568057e-25 -1.206037e-24
C6 2.849902e-29 6.211885e-29
c7 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00
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(27)

JP 2006-309220 A 2006.11.9

good
il FE B& HE B 193.368 nm HHEE
1 -331.000904 42.813272 S102 1.56078570 87.918
2 -186.584235 FFEkin|  0.998996 =R 1.00000000 98,506
3 456.092636 54.350538 8102 1.56078570 104.559
4 -187.509343 148.836637 | =R 1.00000000 104.982
5 -167.147346 JFEkmn|  14.998818 CAF2 1.501852565 53.680
5] -1774.729150 15.137660 | =5 1.00000000 64.137
7 -210.487126 -15.137660 T 1.00000000 68.006
8 -1774.729150 -14.998818 | CAF2 1.50185255 58.008
9 -167.147346 JEERE| -133.638684 | =X 1.00000000 67.649
10 -3173.721817  |Jkxkmm| 178.773115 5] 1.00000000 92.045
11 -1077.389521 58.402850 s102 1.56078570 150.422
12 -231.757181 1.000238 =R 1.00000000 154.439
13 9687.226387 JFEkmn  43.632651 sioz2 1.56078570 163.998
14 -383.748558 1,000850 R 1.00000000 165.716
15 1429.968899 26.165058 S102 1.56078570 166.011
16 3898.010913 0.999264 =R 1.00000000 165.250
17 195.680040 51.365518 Sioz 1.56078570 162.270
18 307.973470 JEEkTn; 112.5308556 | =R 1.00000000 153.025
19 353.925856 JEzkmm|  14.621944 8102 1.56078570 131.543
20 192.080285 86.375704 | &= 1.00000000 122.255
21 155.121944 64.250457 Sl0o2 1.56078570 104.326
22 130.819670 55.246879 =R 1.00000000 81.462
23 -219.052805 JEERmm|  13.030104 S102 1.56078570 80.150
24 194.190299 50.223615 =R 1.00000000 86.444
25 -200.413455 63.662787 Sl102 1.56078570 91.322
26 -177.648047 1.036827 ER 4.000000C0 115.955
27 777.183202 JEkim|  14.381647 slcz 1.56078570 140.005
28 426.571296 16.224176 ER 1.00000000 146.424
29 773.106124 66.866901 8102 1.566078570 150.068
30 -355.919708 2.893664 ER 1.00000000 155.087
3 1532.665989 40.910666 3102 1.56078570 164.941
32 -669.728091 34.068489 | == 1.00000000 165.952
33 455.493406 48.212313 5102 1.56078570 165.903
34 -2073.015200 -5.544810 ZEZR 1.00000000 164.438
35 0.00000Q0 0.000000 ER 1.00000000 164.174
36 0.000000 26.013038 =R 1.00000000 164.174
37 -549.643917 13.007760 sI02 1.56078570 164.053
38 -1478.808572 1.037593 ZER 1.00000000 165.026
39 402.404594 63.032812 s102 1.56078570 164.560
40 -758.807583 1.004453 ER 1.00000000 162.896
4 1989.150466 49164957 5102 1.56078570 133.403
42 976.072546 FF=kmm|  0.899907 =R 1.00000000 127.646
43 126.061354 31.719144 sl02 1.56078570 98.206
44 167.480430 JExkmn|  0.999440 =R 1.00000000 88.650
45 116.813879 29.633926 CAF2 1.50185285 79.972
46 176.434975 JExkmm|  0.996811 =R 1.0G000000 66.214
47 99.243782 50.572086 Slo2 1.56078570 57.873
48 0.000000 1.996512 R I 1.59667693 19.284
49 0.000000 0.000000 ER 0.00000000 17.001
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(28) JP 2006-309220 A 2006.11.9

OooOoO
E JEBRTE 2 3
[
(& 2 5 3 10 13
K 0 0 0 0 0
[ ¢ 1.5655318.08 1587018208 T8679186-08 | -1.3485048-00 7.5736048-10
¢z 5.058515¢-14 5.2325756-13 5.0325756.13 | -3.176568e-15 | -3.8708386-13
c3 1.2420608-17 §.52959%e-18 0520502618 | -6.7591966-18 2.1903266-18
[ ca 1.3893508-20 1.573173e-21 1573173021 1.8719320-22 1172042022
[ cs 1.251086e-25 5114198025 | 2114196625 | -1.231992e-26 | -4.121126e-27
c6é 4.500880e-29 1.0025566-29 18025568-29 | -2.072031e-31 3.470805e-32
[ 7 0.0000008+00 0.0000000+00 | 0.0000008+00 | 0.000000e+00 | 0.000000e+00
r [Cs 0.0000002+00 0.000000s+00 | 0.000000e+00 | _0.000000e+00 | _0.000000e+G0
. [c9 5.0000008+00 0.000000s+00 | 0.000000e+00 | 0.000000e+00 | _0.000000&+00
(@ 18 19 73 77 22
K 0 0 0 0 0
LI cq 2.8491218-08 3086437608 | -1.4205006-07 | -0.0112868-09 1549069208
r I Tc2 -2 278306613 7961196014 | -2.304790e-12 14437166-13 | -2.040450e-13
c3 ~3.088020e-18 £.912301e-19 4 10076617 | -2.4167426-18 | -1.139128e-18
[ ca 1.085216e-21 2365625621 | -5.008269e-21 1.1503236-22 4.7853066-22
[ T C5 -3.3461650-26 1010997605 | 1337613825 | -2.653658e27 | -1.860374e-26
6 4.8035676-31 2034614830 | -3.2963376-29 5.7160320-32 4.389813e-31
[ ¢ 0.000000e+00 0.0000006+00 | 0.000000e+00 | 0.000000e+00 | _0.000000e+00
r [c8 0.000000e+00 0.0000000+00 | 0.000000e+00 | 0.000000e+00 | 0.000000e+00
- [c9 0.000000e+00 0.000000e+00 | 0.000000e+00 | _0.000000e+00__ | _0.000000&+00
[ (@ 44 25
K 0 0
L ¢d 6.5171096-09 7.9519240-08
[ [ C2 5.411899e-13 5.6259676-12
- [e2 9.933771e-17 -8.187722e-16
ca 6.5022146-21 5 591368620
[ [c5 1.5066836-25 1.663052¢-23
- [cs 24.426984e-30 1.2705318-27
c7 0.0000008+00 0.0000002+00
[ [ca 0.000000&+00 0.0000008+00
. [cs 6.0000008+00 0.0000008+00
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(29)

JP 2006-309220 A 2006.11.9

good

il *E B o e 193.368 nm HHFE

1 -140.823672 JFTkimm| 57.433959 slo2 1.56078570 85.179
2 -204.756037 1.827474 TR 1.00000000 106.319
3 239.453108 66.012931 s102 1.56078570 126.931
4 -836.638684 1.982704 =R 1.00000000 125.824
5 1797.059677 14.713179 8102 1.56078570 123.061
6 4149.711621 2.799289 ER 1.00000000 121.381
7 340.970653 31.938127 Slo2 1.56078570 117.054
8 -1898.815000  |JFERm| 204.027732 | R 1.00000000 113.970
9 -155.329952 13.309745 8|02 1.56078570 72.590
10 -695.719352 17.409035 TR 1.00000000 85.602
11 -243.893201 JFERMD| -17.408035 R &t 1.00000000 89.704
12 -6895.718352 -13.309745 S102 1.56078570 89.028
13 -155.329952 -179.734273 | =R 1.00000000 84.959
14 -1318.535220 FFEkif| 456.277939 =&t 1.00000000 113.654
15 -418.128785 -188.264797 & 1.00000000 268.68¢9
16 -460.678827 110.821404 =&t 1.00000000 137.222
17 376.198743 JFEkm, 24.631702 S|lo2 1.56078570 98.837
18 123.411374 80.569056 ER 1.00000000 87.243
19 -188.093003 24.804534 sio2 1.566078570 91.133
20 -451.680016 1.621150 TR 1.00000000 102.517
21 26469.639394 16.715830 Sio2 1.56078570 107.381
22 201.258280 FFER|  35.754201 ER 1.00000000 118.141
23 -1202.421670 Jexkim _51.241370 Sloz2 1.56078570 128.186
24 -322.482765 JFzkm| 8.795729 ER 1.00000000 132.239
25 258.337599 56.740990 sloz2 1.568078570 153.219
26 -12589.869567  FFRKin|  13.195369 TR 1.00000000 150.978
27 324.458180 JEskmm| 45.773586 Sio2 1.56078570 149.648
28 -497.518576 13.712710 =R 1.00000000 149.967
29 -376.404658 13.085749 s102 1.66078570 149.173
30 -958.464185 9.230241 ER 1.00000000 151.496
31 -728.292850 28.695468 Sio2 1.56078570 151.626
32 -357.158659 18.667769 R 1.00000000 152.581
33 0.000000 0.000000 ER 1.00000000 146.019
34 0.000000 -16.100683 TR 1.00000000 146.018
35 484.354722 22103311 Sio2 1.56078570 146.382
36 948.500644 1.900326 ER 1.00000000 145.547
37 333.774920 49.314075 SiIo2 1.56078570 144.715
38 -28057.399637 _ PExkm|  0.998829 TR 1.00000000 142.813
39 158.420364 53.881706 Slo2 1.56078570 116.975
40 581.967137 JEERim|  0.998509 =R 1.00000000 107.937
41 104.934453 41.887014 5102 1.56078570 §1.972
42 167.465131 Jexkm  0.995522 FER 1.00000000 63.820
43 93.083837 53.858605 | mEHE 1.78568015 56.852
44 0.000000 1.0060000 7 1.43667693 20.140
45 ©0.000000 0.000000 =R 0.00000000 18.001
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(30) JP 2006-309220 A 2006.11.9

O — ™ M ™ Mmoo e e e o e o

goodano
JEBRTH X3
i1} 1 8 11 14 17
K 0 0 0 0 0
C1 5.957933¢-08 2.481530e-08 -5.109441e-09 2.044458e-12 -2.109855e-08
Cc2 1.983359e-12 -2.106333e-13 -1.514546e-13 6.373752e-14 9.955737e-14
c3 1.201592e-16 2.160013e-17 -6.120616e-18 -1.152163e-18 -3.652850e-17
Cc4 -2.700912e-23 -4.839678e-22 2.313325e-22 7.638886e-23 -1.087905e-21
cs 6.082962e-25 -5.713773e-27 -2.633844e-26 -3.0331468-27 -8.959806e-27
C6 -2.642537¢-29 8.881762e-31 5.276857e-31 5.643171e-32 8.723697e-30
c7 0.000000e+00 0.000000e+00 0.0000C0e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
[if] 22 23 24 26 27
K 0 0 0 0 0
c1 -5.654066¢e-09 5.468832e-08 -1.993769e-08 3.512543e-08 -3.999647e-08
cz2 -1.931133e-12 1.076007e-13 3.867690e-13 -5.639458e-13 -6.709900e-19
c3 -2.481208e-17 -3.892917e-17 -1.570725e-17 3.802215e-18 -1.456616e-17
c4 5.232255e-21 6.516272e-22 3,297297e-22 -1.923201e-22 2.347099e-23
] -2.111625e-25 6.792876e-27 1.949532e-27 6.195980e-27 2.220410e-28
Cg 2.849533e-30 -4.282052¢-31 -5.752876e-31 -1.678071e-31 -1.672158e-31
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.0000002+00
co9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
i1} 38 40 42
K 4 0 0
C1 -6.766738e-09 -4.183986e-12 1.2576458-07
c2 -7.3668953e-13 1.35218%-12 8.654450e-12
c3 1.596358e-17 -6.097321e-17 2.916255e-16
c4 3.9369958e-22 5.960746e-21 -1.206138e-19
C5 -1.883310e-26 -3.2556779e-25 4.057293e-23
ce 2.137685e-31 9.856534e-30 -5.471715e-27
c7 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00
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(31)

JP 2006-309220 A 2006.11.9

good
il *& B= HE e 193.368 hm GEIRRE
1 -139.938073 JFIRim|  56.668455 5102 1.56078570 84.946
2 -204.568615 1.070135 ER 1.00000000 105.840
3 239.096072 65.1215587 5102 1.56078570 125.956
4 -692.798796 1.571173 =R 1.00000000 125.004
5 1957.346368 13.0B0686 S102 1.56078570 121.787
5 1439.865663 2095708 =R 1.00000000 119.718
7 353.510947 31.616914 S102 1.56078570 116.673
8 -1227.690426  |JFER| 203.390504 | =& 1.00000000 114.118
9 -157.037589 13.053495 slo2 1.56078570 71.933
10 -687.975180 17.007176 TR 1.00000000 84.503
11 -243.140860 JFEki -17.007176 [52:5] 1.00000000 88.550
12 -687.975180 -13.053495 s102 1.56078570 87.923
13 -157.037999 -180.045623 | & 1.00000000 84.148
14 -1229.260994 FExkmm| 456822311 & 1.000000Q0 112.739
15 -415.881540 -187.469556 = &t 1.00000000 269.993
16 -461.273571 110.622049 begt 1.00000000 138.437
17 416.369746 FFEkmm, 22657139 Sl02 1.56078570 99.312
18 127.343817 81.525715 =R 1.00000000 87.994
18 -175.649639 25.205380 Sio2 1.56078570 91.038
20 -395.046607 1.723874 TR 1.00000000 102.252
21 4752.102432 17.551743 slo2 1.56078570 107.514
22 207.928243 JExki|  36.620857 ER 1.00000000 118.600
23 -847.913584 JETRmm| 53.084053 Sloz2 1.56078570 122.858
24 -317.568108 JFTkin| 10.132654 =R 1.0000000Q0 128.865
25 262.792389 55.215589 S102 1.56078570 153.298
26 -12420.722386  |JFEKDD|  14.874464 ER 1.00000000 151.228
27 331.657500 JFEkin|  47.885282 s102 1.56078570 161.049
28 -521.198576 15.157977 TR 1.00000000 151.375
29 -364.704682 13.335942 Si02 1.56078570 150.764
30 -913.671559 10.373584 ER 1.00000000 153.608
31 -747.508150 29.699750 8102 1.56078570 153.896
az -353.767343 16.584736 | =R 1.00000000 154.899
33 0.000000 0.000000 TR 1.00000000 148.746
34 0.000000 -15.584916 | =X 1.00000000 148.746
35 467.578029 23.532973 S102 1.56078570 149.243
36 1013.533552 1.802113 ER 1.00000000 148.398
37 320.005819 51.463273 Slo2 1.56078570 147.084
36 -52373.538118  |JFEkm| 1.172411 ER 1.00000000 144.920
39 166.275527 53.143323 Sio2 1.56078570 118.761
40 678.286117 FFERm|  0.999760 TR 1.00000000 109.694
41 105.898192 40.733496 S102 1.56078570 82.526
42 182.630168 JERkM,  1.148050 =R 1.00000000 66.139
43 95.822380 55.466141 mEITE 1.76018665 57.704
44 0.000000 0.000000 B 0.000C00C0 18.001
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(32) JP 2006-309220 A 2006.11.9

L T e T e T s T s T s T e T e T e T s T e T s T s T e T s B e T s R e T e T e R e T e T e T s T e T e |

goodano
JEEKTHE E
i) 1 8 11 14 17
K 0 0 Q Y 0
C1 6.029618e-08 2.414888e-08 -4.778400e-09 1.245817e-11 -1.786350e-08
c2 1.977400e-12 -1.754153e-13 -1.414883e-13 6.801196e-14 4.468447e-13
c3 1.2873086-16 2.161869e-17 -6.411452e-18 -1.282692e-18 -3.702082e-17
C4 -6.465162e-23 -3.688233e-22 3.571585e-22 7.748610e-23 -4.404198e-22
Ch 6.063912e-25 -1.968392e-28 -4.048065e-26 -2.938896e-27 -5.584451e-26
CB -2.830320e-29 1.221206e-30 1.379349e-30 6.278026e-32 7.546398e-30
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 £.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 ©0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
[if] 22 23 24 26 27
K 4 ] 0 0 0
C1 -9.734986e-10 5.553906e-08 -1.791098e-08 3.707823e-08 -3.550387e-08
c2 -1.751323e-12 1.384318e-14 3.025582e-13 -5.382312e-13 -7.220978e-18
c3 -5.043265e-17 -5.243875e-17 -1.190211e-17 2.499773e-18 -9.815037e-18
c4 6.940058e-21 1.291553e-21 1.909715e-22 3.519276e-23 3.333502e-23
Cs -2.676941e-25 -1.397101e-26 8.123766e-28 7.23163%e-28 4.084565e-28
&) 3.738931e-30 8.628659e-32 -5.978842¢-31 -4.285017e-32 -3.0011498e-32
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
ce 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
i} 38 40 42
K 0 0 0
C1 -3.626586e-09 -9.502390e-12 1.015803e-07
c2 -7.527255e-13 1.622695e-12 5.897100e-12
c3 1.554813e-17 -8.4973456e-17 6.155690e-17
Cc4 3.433043e-22 6.501324e-21 -8.118554e-20
c5 -1.684169e-26 -3.034013e-25 2.357436e-23
Cé 1.9222138-31 8.528873¢-30 -3.368932e-27
c7 0.000000e+00 0.0000008+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00
ce 0.000000e+00 0.000000e+00 £.000000e+00
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(33)

JP 2006-309220 A 2006.11.9

good
: i *E B 7 B 193.368 nm HHEE
(1 -143.450851 JEzkm|  57.270855 §102 1.56078570 85.095
[ 2 -206.795430 0.999185 ER 1.00000000 105.561
3 238.542349 65.084734 5102 1.56078570 124,717
(4 -715.681319 1.922826 =R 1.00000000 123.678
[ 5 1969.861686 13.486505 sioz2 1.56078570 120.587
<) 1956.232535 2.085647 ER 1.00000000 118.680
[ 7 351.063565 30.285116 5102 1.56078570 115.287
[ 8 -1758.712740  |Jkzkim| 197.827466 | == 1.00000000 112.682
9 -158.482402 13.019085 8102 1.56078570 70.234
L[ 10 -717.195376 16.489522 | =X 1.00000000 82.406
[ 1 -242.835613 JEEkm| -16.489522 25 1.00000000 86.344
12 -717.185376 -13.019095 502 1.56078570 85.836
[ 13 -158.482402 -177.629393 | =R 1.00000000 82.613
[ 14 -1324.014872  FFEki| 455.015807 &t 1.00000000 112.967
15 -414.262835 -187.362305 &5 1.00000000 267.779
(] 18 -458.612694 107.716389 5] 1.00000C00 136.372
[ 17 443.456477 JEERin|  22.553628 SI102 1.56078570 98.289
18 127.177618 B3.0681925 | =R 1.00000000 87.356
[ 19 -168.941635 26.194208 S102 1.66078570 90.922
(20 -368.163655 2.172316 R 1.00000000 103.197
21 2411.488857 17.733305 S102 1.56078570 109.822
[] 22 210.765543 JEzkin| 36.730354 [ =R 1.00000000 118.951
[ 23 -831.909620 FFEkm| 53.167578 slo2 1.56078570 126.050
24 -323.558346 Jexkim| 8.877188 TR 1.00000000 131.662
([ 25 261.636780 54.578305 Si102 1.56078570 154.212
[ L26 -7451.510120  pPExRml  11.673321 ER 1.00000000 162.231
27 334.113467 JFzkm  46.289599 Si02 1.56078570 151.745
[ 28 -521.440736 15.564426 rEa 1.00000C00 152.216
[ 28 -362.516258 12.998369 8102 1.56078570 151.706
30 -885.661707 9.199344 rR 1.00000000 154.981
[ 31 -760.796527 31.167725 sl02 1.56078570 155.373
[ 32 -354.924849 21.266047 ER 1.00000000 156.575
33 0.000000 0.000000 ER 1.00000000 150.737
L] 34 0.000000 -19.908527 | =R 1.00000000 150.737
[ |35 466.946915 24.184508 Sl02 1.56078570 151.060
36 1007.812349 1.000089 ER 1.00000000 150.208
[ [ 37 327.655912 52.259505 5102 1.56078570 149.067
[ L 38 8559.973662  pPExkmn| 1.008019 =R 1.00000000 146.760
39 167.622816 51.251662 SIo2 1.56078570 120.228
[ [40 755.582939 JEzkm|  0.998542 ER 1.00000000 113.007
[ L 111.268305 39.610904 8102 1.56078570 85.238
42 208.057298 JExkmm|  0.994963 ER 1.00000000 70.122
[ 43 96.748104 15.231814 5102 1.56078570 60.010
[ 44 82.457236 42900568 | mEHE1 1.74983027 48.300
0 45 0.000000 0.000000 ER 0.00000000 18.001
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(34) JP 2006-309220 A 2006.11.9

O — ™ M ™ Mmoo e e e o e o

goodano

FEER T E

[i1] 1 8 11 14 17

K 0 0 D 0 4

C1 5.544677e-08 2.162074e-08 -5.239503e-09 1.092411e-10 -2.331771e-08
cz 1.806423e-12 -3.031766e-13 -1.579675e-13 6.350407e-14 5.772773e-13
c3 1.297100e-16 2.869963e-17 -7.844766e-18 -1.193786¢-18 -4.477617e-17
C4 -2.621657e-24 -4.280146e-22 4.623955¢-22 7.117518e-23 -1.45438%¢-22
C5 7.019452e-25 -2.494189e-26 -5.077577e-26 -2.571356e-27 -7.846302e-26
C6 -2.854711e-29 1.410387e-30 1.5677810e-30 5.313151e-32 7.773042e-30
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 (0.000000e+00C 0.000000e+00 0.000000e+00 £.000000e+00
[ii] 22 23 24 26 27

K 0 0 0 0 0

C1 -2.745443e-09 5.504068e-08 -1.908337e-08 3.813921e-08 -3.744186e-08
c2 -1.430163e-12 7.749637e-14 3.634725e-13 -5.922217e-13 -2.137735e-18
C3 -5.862502e-17 -5.302435e-17 -1.382155e-17 2.502458e-18 -1.196000e-17
C4 6.728883e-21 1.267574e-21 2.208808e-22 2.824486e-23 3.236426e-23
cs -2.451371e-25 -1.082217e-26 3.523530e-28 1.545158e-28 1.843694e-28
C6 3.279808e-30 1.089270e-31 -6.086769%e-31 -4.369267¢-32 -6.628403e-32
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
C8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 £.000000e+00
[i1] 38 40 42
K 0 0 0
€1 -3.844980e-09 -3.398546e-12 9.454938e-08
Cc2 -8.880362¢-13 1.531428e-12 5.457038e-12
c3 1.651633e-17 -8.128857e-17 -2.777250e-17
C4 4.940631e-22 6.519570e-21 -5.706103e-20
cs -2.154757e-26 -3.129316e-25 1.580865e-23
Cé 2.371161¢-31 8.388571e-30 -1.897858e-27
c7 0.000000e+00 0.000000e+00 0.000000e+00
C8 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.0000C0e+00 0.000000e+00 0.000000e+00
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(35) JP 2006-309220 A 2006.11.9

O — ™ rm MM M /o e e e o

goodano

i} FE B HE B 193.368 nm HHEE
1 -143.758671 JFEKm| 57.406768 Sloz 1.56078570 B5.023
2 -191.747696 1.160725 ER 1.00000000 104.914
3 262.406876 66.568396 sioz 1.56078570 121.885
4 -860.446223 2.956398 =R 1.00000000 121.076
5 1807.942814 13.827382 5102 1.56078570 118.221
6 2860.322099 2.763629 ER 1.00000000 116.681
7 372.157874 32.394268 sI02 1.66078570 113.548
8 -5597.977799  FEEkmm| 198.998515 | =R 1.00000000 110.172
9 -161.056093 13.111879 5102 1.66078570 72.542
10 -710.061926 16.992176 | =X 1.00000000 85.045
11 -245.005067 Jexkim| -16.992176 R &t 1.00000000 88.979
12 -710.061926 -13.111879 Slo2 1.56078570 88.381
13 -161.056083 -178.456992 | =X 1.00000000 84.711
14 -1269.813125  JFEkm| 456.743570 gt 1.00000000 112.130
15 -415.069083 -187.485062 R & 1,00000000 265.291
16 -455.335485 106.779583 =&t 1.00000000 134.666
17 393.788910 JFzkm| 22.686347 5102 1.56078570 97.923
18 126.775396 82.399523 | =X 1.00000000 87.164
19 -169.193381 26.323032 sl02 1.56078570 90.623
20 -374.448573 2.507925 =R 1.00000000 102.877
21 2687.188508 17.800162 §l102 1.56078570 106.363
22 214.951760 JFEkmn|)  37.379156 A 1.00000000 118.5656
23 -782.900400 JEEkim| 53.764790 Si02 1.56078570 125.976
24 -331.748589 JETRmn| B.779472 TR 1.00000000 132.976
25 263.534372 53.789713 8102 1.56078570 166.917
26 -10091.465506  |JFxkim| 11.694437 ER 4.00000000 154.056
27 336.628180 JFTRm|  46.842179 8102 1.66078570 153.605
28 -524.036178 16.083667 =R 1.00000000 154.085
29 -361.494925 13.160214 5102 1.56078570 153.588
30 -887.600668 7.655686 =R 1.00000000 157.086
31 -757.302512 30.70643%8 Slo2 1.66078570 157.410
32 -356.228549 20.568987 ER 1.00000000 158.573
33 0.000000 0.000000 =R 1.00000000 153.024
34 £.000000 -19.570300 | =R 1.000000C0 153.024
35 466.343801 24.348330 8i02 1.56078570 153.460
36 1007.994113 1.045023 =R 1.00000000 152.646
37 327.911368 52.702566 8102 1.56078570 161.549
38 6644.997887 JEEREm|  1.030724 =R 1.00000000 149.268
39 170.393057 51.776105 5102 1.56078570 122.801
40 713.133919 FFekm|  1.221421 =R 1.00000000 115.628
41 114.354690 39.319232 S102 1.56078570 87.759
42 217249445 JEERT  1.502569 R 1.00000000 73.430
43 99.993745 13.872371 slo2 1.56078570 §2.621
44 81.034387 36.208638 | &IEIRF 1.75124600 51.110
45 0.000000 5.000000 5102 1.56078570 31.083
46 0.000000 5.000000 EEIFE 1.75124600 23.545
47 0.000000 £.000000 ER 0.00000000 18.001
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(36)

JP 2006-309220 A 2006.11.9

JEBKTH 5E
[i] 1 8 11 14 17
K 0 0 0 0 0
C1 6.21038%e-08 1.051314e-08 -4.569414e-09 -1.170452e-10 -2.450154¢-08
cz2 1.322671e-12 -3.222083e-13 -1.355497e-13 6.160782¢e-14 5.760576e-13
C3 1.391370e-16 2.983455e-17 -5.800270e-18 -7.96339%¢e-19 -4.995261e-17
c4 -3.915352e-24 -5.584427e-22 2.30887%e-22 4.962774e-23 1.562080e-22
Ch 5.960542¢-25 -2.378406e-26 -2.634160e-26 -1.672115e-27 -1.194410e-25
(3] -7.993263e-30 1.339801e-30 4.940187e-31 3.658240e-32 7.937623e-30
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+C0
Cc8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+Q0
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
i} 22 23 24 26 27
K 0 0 4 0 0
C1 -3.526126e-09 5.446621e-08 -1.645252e-08 3.708765e-08 -3.576180e-08
c2 -1.261634e-12 8.646900e-14 3.102803e-13 -5.459169e-13 -4.908152e-19
C3 -4.207318e-17 -4.238433e-17 -1.123332e-17 1.694357e-18 -1.112975e-17
C4 5.124669e-21 1.115885e-21 1.935408e-22 2.693408e-23 3.052683e-23
c5 -1.827823e-25 -1.256788e-26 2.150379e-28 1.272051e-28 -9.406336e-29
cé 2.424527e-30 3.245209e-31 -5.110521e-31 -4.770036e-32 -7.115777¢-32
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
o] 0.000000e+00 0.0000C0e+00 0.000000e+00 0.000000e+00 0.000000e+00
Cco 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
[i7] 38 40 42
K 0 0 0
c1 -3.058277e-09 -3.739153e-12 8.462131e-08
c2 -7.881241e-13 1.325294e-12 4.796560e-12
c3 1.199448e-17 -6.820514e-17 -4.069007e-17
C4 5.234460e-22 5.182324e-21 -1.845363e-20
Cs -1.9726298-26 -2.333482e-25 5.6856841e-24
cé 2.034018e-31 5.777182e-30 -6.748715e-28
c7 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.000000e+00 0.000000e+00 0.000000e+00

10

20



O

37)

JP 2006-309220 A 2006.11.9

good
i} F&8 B HE FEHE 193.368 nm HHEE
1 -363.562869 43.314852 5102 1.56078570 B8.757
2 -190.5652538 JEERin]  2.163276 ER 1.00000000 97.015
3 444.494588 54.518871 Slo2 1.56078570 104.913
4 -189.396028 147.375897 ER 1.00000000 105.241
5 -167.542007 JFzkm  15.119789 CAF2 1.50185255 53.592
8 -1783.871595 14.984449 i 1.00000000 64.000
7 -212.048924 -14.884449 R & 1.0C000000 67.817
8 -1783.871595 -15.119789 CAF2 1.50185255 67.824
9 -167.542007 FFERm| -132.376727 ER 1.00000000 67.499
10 -4144.296360 JFzkm| 177.480135 =5t 1.00000000 91.762
11 -1081.722900 58.982873 5102 1.56078570 150.472
12 -230.182654 0.997725 ER 1.00000000 154.440
13 -2745.872210 FFEkdn| 40.203338 slo2 1.56078570 162.415
14 -365.406997 1.171374 ER 1.00000000 164.562
15 660.444007 26.539178 §l102 1.56078570 165.998
16 929.458283 1.345953 =R 1.00000000 164.441
17 197.977075 53.302785 Si02 1.56078570 162.916
18 326.403722 JFTkin| 109.997010 ER 1.00000000 153.978
19 381.962587 JExkim|  15.209489 Slo2 1.56078570 133.444
20 218.959915 84.152560 ER 1.00000000 125.121
21 157.386222 65.954537 5102 1.56078570 105.406
22 130.586858 55.186424 ER 1.00000000 81.465
23 -219.213704 JExkmm|  12.992852 5l02 1.56078570 80.092
24 193.521199 51.103600 R 1.00000000 86.111
25 -202.267409 64.379291 5i02 1.56078570 91.522
26 -182.797467 1.012504 ER 1.000000C0 116.600
27 759.119564 JExkmn| 13.528303 Sio2 1.56078570 139.976
28 434.694511 16.255534 ER 1.00000000 146.202
29 803.267199 66.374930 802 1.56078570 149.833
30 -355.087707 3.182081 ER 1.00000000 1564.931
3 1534.992497 41.086853 Sio2 1.56078570 164.988
32 -659.025403 33.311165 =R 1.00000000 166.004
33 469.085216 47.735231 sloz2 1.66078570 166.006
34 -2061.549181 -5.348879 ER 1.00000000 164.561
35 0.000000 0.000000 FR 1.00000000 164.239
36 0.000000 25.851690 =R 1.00000000 164.239
37 -553.528412 12.998477 slio2 1.66078570 164.123
38 -1487.266396 1.056380 ER 1.00000000 165.162
39 400.870385 62.857908 S0z 1.56078570 164.885
40 -775.884967 0.994629 ER 1.000000C0 163.261
4 196.348406 50.149979 Sloz2 1.56078570 133.827
42 872.082483 JFTRm|  0.899034 ER 1.00000000 128.044
43 126.532527 31.734400 §102 1.56078570 98.487
44 171.258915 JExkmn]  0.998171 ER 1.00000000 88.881
45 116.691632 20.088808 CAF2 1.50185255 80.088
46 168.659021 JFzkdm| 0.998989 R 1.00000000 66.353
47 D7.621146 50.907207 Si102 1.56078570 58.235
48 0.000000 1.996512 7k 1.43667693 20.051
48 0.000000 0.000000 ER 0.00000000 17.001
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(38)

JP 2006-309220 A 2006.11.9

FEBR T 5E 3
[i] 2 5 9 10 13
K 0 0 0 0 0
C1 -2.760578¢-09 1.603489e-08 1.60348%e-08 -1.24715%¢-09 3.764876e-10
cz -2.853441e-13 5.878412e-13 5.878412e-13 -3.674242e-16 -3.990105e-13
c3 -1.854842e-17 9.905237e-18 9.905237e-18 -5.946353e-18 3.462113e-18
c4 1.455974e-20 1.668823e-21 1.668823e-21 9.954063e-23 6.5657756e-23
C5 3.187482e-26 -2.878194e-25 -2.878194e-25 -6.271000e-27 -3.238969e-27
cé 5.065923e-29 3.229224e-29 3.229224e-29 -3.822302e-31 2.732583e-32
1] 18 19 23 27 42
K 0 0 0 0 0
C1 2.738495e-08 2.436036e-08 -1.401150e-07 -1.009245e-08 1.349777e-08
c2 -3.575547e-13 -2.434773e-13 -2.511241e-12 1.381857e-13 -1.797461e-13
Cc3 -3.439165e-19 3.420924e-18 2.114608e-17 -2.368525e-18 -1.521833e-18
C4 B8.255803¢-22 2.235015e-21 -4.813119e-21 1.099057e-22 4.5601109e-22
C5 -2.77009%e-26 -8.956199e-26 -4.497879¢-25 -2.558985e-27 -1.538741e-26
Cé 4.268336e-31 1.67603%e-30 -2.691902e-29 6.765261e-32 3.225484e-31
[i7] 44 46
K 0 0
C1 -3.924402¢-09 8.340227e-08
c2 8.630468e-14 4.003614e-12
c3 1.193178e-18 -6.36177%e-16
C4 8.227416e-21 3.754169e-22
Ch -2.856787e-25 -6.830124e-24

2.158513e-29

8.494830e-28
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(39) JP 2006-309220 A 2006.11.9

goodano
‘[@ F8R B HHE JEHIZE 183.368 nm AHEE
[ 1 -117.608115 JETRmn| 42 504552 8102 1.56078570 82.223
[ 2 -177.038824 1.228703 =R 1.00000000 100.960
3 213.364626 67.089304 S102 1.56078670 127.440
(|4 -547.449059 1.056991 ER 1.00000000 126.644
[ 5 16244.721914 12.999757 5i02 1.56078570 122,188
6 649.329131 6.393285 =R 1.00000000 118.074
l 7 716.539542 21.519661 SIo2 1.56078570 117.192
[ 8 -891.121831 JEERi| 211.074110 =R 1.00000000 115.493
9 -161.155386 13.128287 Si02 1.66078570 81.535
(] 10 -511.506316 15.535604 zZR 1.00000000 §7.295
[ 11 -236.127827 FEEkim| -15.535604 2] 1.00C00000 88.921
12 -611.506316 -13.128287 S102 1.56078570 87.062
[ 13 -161.155386 -191.071578 =R 1.00000000 78.080
[ 14 -765.604468 JETKiN| 489.935909 ) 1.00000000 97.935
15 -414.218644 -194.485522 R 1.00000000 273.711
L[ 16 -461.591091 113.184572 At 1.0C000000 137.119
[ L7 292.697085 JExkm@m| 13.007609 sloz2 1.56078570 94.156
18 107.732392 69.107843 ER 1.00000000 82.930
[{ 19 -151.883662 23.402024 sloz 1.56078570 83.726
[ 20 -488.789850 1.717184 =R 1.00000000 96.444
21 -28913.044218 13.515647 s102 1.56078570 100.924
[ 22 181.919927 JExki| 31.978477 ER 1.00000000 111.581
[ 23 -1087.055170 JExkm|  43.571548 5102 1.56078570 119.878
24 -309.523406 FEEkdm|  7.386175 TR 1.000C0000 124.389
[ 25 262.769369 57.656563 SIo2 1.56078570 153.654
[ 126 -45785.112793 JFTkmn| 26.346702 R 1.00000000 152.049
27 327.865485 Jexkmm| 53.200757 SI02 1.56078570 153.186
[ [ 28 -490.867487 15.568016 ER 1.00000000 154.873
[ 129 -378.382439 13.404211 5102 1.56078570 154.857
30 -940.264877 12.530828 zZR 1.00000000 159.986
[ [ 31 -735.332053 32.210701 S102 1.566078570 161.214
[ | 32 -353.930461 23.507896 ER 1.00000000 163.018
33 0.000000 0.000000 TR 1.00000000 162,367
[ [ 34 0.000000 -22.444608 =R 1.00000000 162.367
[ |35 495.791214 25.478789 S102 1.56078570 163.005
36 1089.109773 1.092964 =R 1.00000000 162.533
L[ 37 327.887763 59.191484 8102 1.56078570 162.857
[ |38 -5035.878726 JExkin|  0.997881 ER 1.00000000 160.933
39 1565.585955 60.857823 5102 1.56078570 128.682
[ [40 502.556704 JExkmn  0.994698 =R 1.00000000 121.517
[ 100.683802 45.378701 Sio2 1.56078570 87.346
42 259.320056 JEERin | 0.989548 ER 1.00000000 75.251
[ 43 84190909 47.361435 Slo2 1.56078570 57.516
[ |44 0.C00000 1.000000 K 1.43667693 20.150
L 45 0.000000 0.000000 =R 0.00000000 18.001



(40)

JP 2006-309220 A 2006.11.9

gooogoao

[ JEBkmE#

[

[

[ i) 1 8 1 14 17

K 0 0 0 0 0
[ C1 6.5621334e-08 2.807890e-08 -2.987383e-09 -3.1249%4e-09 -2.024087e-08
[ c2 1.713047e-12 -1.135339e-13 -9,372427e-14 2.096585e-13 1.211841e-12

c3 4,738329e-16 4.898650e-17 -2.112133e-18 -6.739512e-18 1.984882e-16
[ C4 -4,747266e-20 -1.891503e-21 1.890133e-23 2.945523a-22 -3.964237e-20
[ Ch 5.703360e-24 4.305448e-26 -7.724934e-27 -9,829910e-27 3.071839e-24

CB -1.904358e-28 1.060646e-30 3.307276e-32 1.518811e-31 -9,359990e-29
[

[ [i] 22 23 24 26 27

K 0 0 0 0 0
[ C1 -2.344946¢-08 5.574907e-08 -1.112698e-08 3.645338e-08 -3.564504e-08
[ C2 -1.2150562-12 3.605980e-13 6.168355e-13 -5,510982e-13 1.362785e-18

C3 -1.13052%9e-16 -1.083503e-16 -2.523969e-17 7.960300e-18 -1.354328e-17
[ C4 1.330694e-20 3.7441568-23 -1.208201e-22 -2.644142e-22 3.885355e-23
[ C5 -5,2729482-25 2.126697e-25 -7.939671e-27 5.011928e-27 -1.1525778-27

C6 6.293611e-30 -4,908884e-30 -1.348927e-30 -5.300745e-32 -1.519852e-31
[

[ m 38 40 42

K 0 0 0
[ C1 7.566945e-09 -2.903055e-12 9.147070e-08
[ C2 -8.163086e-13 1.807885e-12 9.02422%e-12

C3 8.893793e-18 -2.330647e-16 -6.249869%e-16
[ c4 2.652862e-22 1.789661e-20 3.018462e-20
[ C5 -7.162666e-27 -B.737730e-25 2.4308B82e-24

C6 4.921956e-32 1.119864e-29 -§,583230e-28
[

[
Ooo0oogano
[ .

%H Donax Y’ NA N, | Ngp COMP1| COMP2| COMP3
aE 332 17 1.2 21 2 13.56 284 .80 142.40
L4 331.2 | 17 12 | 22 2 13.53 297.65 148.82
L1 5 332 17 1.2 21 2 13.56 284.80 142.40
[l 6 332 17 1.2 21 2 13.56 284,80 142.40
[l 7 305 18 1.3 18 2 10.03 180.47 90,24
(| 8 310 18 1.3 18 2 10.19 183.43 91.72
(19 313 18 1.3 18 2 10.29 185.21 92.60
c 10 317 18 1.3 19 2 10.42 197.99 99.00
cL1 332 17 1.2 21 2 13.56 284 .80 142.40
cL12 326 18 1.3 18 2 10.72 192.90 96.45
0
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1 Title of Invention

Projection Objective

2 Detailed Description of Invention

Field of the Invention

The invention relates to a projection objective for imaging a pattern ar-
ranged in an object surface of the projection objective onto an image
surface of the projection objective using ultraviolet radiation.

Description of the Related Art

Projection objectives are, for example, employed in projection exposure
systems, in particular wafer scanners or wafer steppers, used for fabri-
cating semiconductor devices and other types of microdevices and serve
to project patterns on photomasks or reticles, hereinafter referred to
generically as "masks” or “reticles,” onto a substrate having a photosen-
sitive coating with ultrahigh resolution on a reduced scale.

In order to create even finer structures, it is sought to both increase the
image-side numerical aperture NA of the projection objective and em-
ploy shorter operating wavelengths, preferably ultraviolet radiation with

[
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[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
E wavelengths A < 260 nm.
L
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There are very few materials, in particular, synthetic quartz glass (fused
silica) and crystalline fluorides such as calcium fluoride, that are suffi-
ciently transparent in that wavelength region available for fabricating the
optical elements. The high prices of the materials involved and limited
availability of crystalline calcium flucride in sizes large enough for fabri-
cating large lenses represent problems. Measures that allow reducing
the number and sizes of lenses employed and simultaneously contribute
to maintaining, or even improving, imaging fidelity are thus desired.

In the case of reducing optical imaging, in particular of projection litho-
graphy, the image-side numerical aperture NA is limited by the refractive
index of the surrounding medium in image space. This is why in
conventional projection systems having a gas in an image space
between an exit surface of the projection objective and the substrate the
image-side numerical aperture is limited to values NA < 1. In immersion
lithography the theoretically possible numerical aperture NA is limited by
the refractive index of the immersion medium adjacent to the substrate
surface. The immersion medium can be a liquid or a solid. Solid

immersion is also spoken of in the latter case.

However, for practical reasons NA should not come arbitrarily close to
the refractive index of the last medium (i.e. the medium closest to the
image surface), since the propagation angles then become very large
relative to the optical axis. It has proven to be practical for the image-
side numerical aperture not substantially to exceed approximately 95%
of the refractive index of the last medium of the image side. For 193 nm,
this corresponds to a numerical aperture of NA = 1.35 in the case of
water (nHzo = 1.43) as immersion medium.

With liquids whose refractive index is higher than that of the material of
the last lens, or in the case of solid immersion, the material of the last

lens element (i.e. the last optical element of the projection objective
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adjacent to the image) acts as a limitation if the design of the last end
surface (exit surface of the projection objective) is to be planar or only
weakly curved. The planar design is advantageous, for example, for
measuring the distance between wafer and objective, for hydrodynamic
behavior of the immersion medium between the wafer to be exposed
and the last objective surface, and for their cleaning. The last end
surface must be of planar design for solid immersion, in particular, in
order to expose the wafer, which is likewise planar.

For deep ultraviolet radiation (DUV, operating wavelength of 248 nm or
193 nm) the materials normally used for the last lens are fused silica
(synthetic quartz glass, SiO.) with a refractive index of nsioz = 1.56 or
CaF; with a refractive index of ncar2 = 1.50. The synthetic quartz glass
material may also be referred to simply as “quartz” in the following. Be-
cause of the high radiation load in the last lens elements, at 193 nm cal-
cium fluoride is preferred for the last lens since synthetic quartz glass
would be damaged in the long term by the radiation load. This results in
a numerical aperture of approximately 1.425 (95% of n = 1.5) which can
be achieved. If the disadvantage of the radiation damage is accepted,
quartz glass still allows numerical apertures of 1.48 (corresponding to
approximately 95% of the refractive index of quartz at 183 nm). The rela-
tionships are similar at 248 nm.

International patent application PCT/EP2004/014062 filed by the appli-
cant on December 10, 2004 discloses catadioptric projection objectives
suitable for immersion lithography at NA > 1 comprising a first, refractive
objective part for imaging a pattern provided in the object surface into a
first intermediate image, a second, catoptric (purely reflective) objective
part for imaging the first intermediate image into a second intermediate
image, and a third, refractive objective part for imaging the second in-
termediate image directly onto the image surface. The second objective

part includes two concave mirrors having mirror surfaces facing each
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" other, where each concave mirror is positioned optically remote from a

Epupil surface. The design is rotational symmetric and has one straight

[ optical axis common to all refractive and reflective optical elements (in-

E line system). Projection objectives of this basic design are disclosed e.qg.
in US provisional application 60/536,248 filed on January 14, 2004 by
the applicant. PCT/EP2004/014062 discloses embodiments having at
least one optical element made from high-index material with a refractive
index n = 1.6 at the operating wavelength. At 193 nm, sapphire (Alz03) is
used as high-index material for a plano-convex lens forming the last lens
of the projection objective. In some embodiments, Cyclohexane is used
as an immersion fluid, which has a refractive index n = 1.556 similar to
that of fused silica (n = 1,560) at 193 nm. An embodiment designed for
solid immersion (contact projection lithography) has a plano-convex
sapphire lens (Nsapphire = 1.92) which enables NA = 1.6 in the disclosed
embodiment.

US provisional application 60/544,967 filed by the applicant on February

13, 2004 shows catadioptric projection objectives having similar basic

tioned above) adapted for use with immersion liquids having a refractive
index which is larger than the refractive index of the last lens on the im-
age side. The projection objective is designed in such way that the im-
mersion fluid is curved convexly towards the projection objective during
operation. The convex curvature of the immersion fluid allows to use lar-
ger incidence angles for projection radiation on the interface between
the last lens and the immersion fluid, whereby reflection losses at this
interface are decreased and higher values for NA are possible, which
may be larger than the refractive index of the last lens.

The disclosures of the applications mentioned above are incorporated
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[
[
[
[
[
[
[
[
[
[
[
[ design (as disclosed e.g. in US provisional application 60/536,248 men-
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[
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[
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[
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[
[
" into the present application by reference.
L
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Various catadioptric in-line projection objectives have been proposed,
From an optical point of view, in-line systems may be favorable since
optical problems caused by utilizing planar folding mirrors, such as
polarization effects, can be avoided. Also, from a manufacturing point of
view, in-line systems may be designed such that conventional mounting
techniques for optical elements can be utilized, thereby improving
mechanical stability of the projection objectives.

The Patent EP 1 069 448 B1 discloses catadioptric projection objectives
having two concave mirrors facing each other and an off-axis object and
image field. The concave mirrors are part of a first catadioptric objective
part imaging the object onto an intermediate image positioned adjacent
to a concave mirror. This is the only intermediate image, which is im-
aged to the image plane by a second, purely refractive objective part.
The object as well as the image of the catadioptric imaging system are
positioned outside the intermirror space defined by the mirrors facing
each other. Similar systems having two concave mirrors, a common
straight optical axis and one intermediate image formed by a catadioptric
imaging system and positioned besides one of the concave mirrors is
disclosed in US patent application US 2002/0024741 A1.

US patent application US 2004/0130806 (corresponding to European
patent application EP 1 336 887) discloses catadioptric projection objec-
tives having off-axis object and image field, one common straight optical
axis and, in that sequence, a first catadioptric objective part for creating
a first intermediate image, a second catadioptric objective part for creat-
ing a second intermediate image from the first intermediate image, and a
refractive third objective part forming the image from the second inter-
mediate image. Each catadioptric system has two concave mirrors fac-
ing each other. The intermediate images lie outside the intermirror
spaces defined by the concave mirrors.
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[ Japanese patent application JP 2003114387 A and international patent
Eapplication WO 01/55767 A disclose catadioptric projection objectives
[ with off-axis object and image field having one common straight optical
E axis, a first catadioptric objective part for forming an intermediate image
r and a second catadioptric objective part for imaging the intermediate im-
" age onto the image plane of this system. Concave and convex mirrors

[
. are used in combination.

[
E US patent application US 2003/0234992 A1 discloses catadioptric pro-
[ jection objectives with off-axis object and image field having one com-
E mon straight optical axis, a first catadioptric objective part for forming an
r intermediate image, and a second catadioptric objective part for imaging
" the intermediate image onto the image plane. In each catadioptric objec-
E tive part concave and convex mirrors are used in combination with one

[ single lens.

International patent application WO 2004/107011 A1 discloses various
catadioptric projection objectives with off-axis object field and image field
having one common straight optical axis designed for immersion lithog-
raphy using pure water (H20) as immersion liquid and an arc shaped ef-
fective object field having a field center far away from the optical axis.
The projection objectives include various types of mirror groups having
two, four or six curved mirrors. Embodiments with two to four intermedi-
ate images are disclosed. Silicon dioxide (SiO;) and/or Calcium fluoride
(CaF2) are used as lens material. Image-side numerical apertures up to
NA = 1.2 are obtained.

From a practical point of view, the maximum image-side numerical aper-
ture which can be achieved is only one of a number of design goals for
which an optimum compromise must be found depending on limiting
conditions imposed for a specific application. In view of the limited avail-
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[
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[
[
[Lability of optical materials, such as Calcium fluoride, the maximum size
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[ (diameter) of lenses needed for a design may be a limiting factor. Typi-
cally, the maximum lens diameter necessary in a design is increased as
the image-side numerical aperture increases. Specifically, very large di-
ameters are needed in an aperture-defining lens group arranged on the
image side between and image-side pupil surface of the projection ob-
jective and the image surface. The aperture-defining lens group is basi-
cally designed for converging radiation coming from the image-side pupil
surface towards the image surface to define the image-side numerical
aperture. With other words, the aperture-defining lens group performs
the pupil imaging. Also, the focal length of the aperture-defining lens
group responsible for the pupil imaging tends to decrease as the image-
side numerical aperture is increased. Shortening the focal length of the
aperture-defining lens group, however, makes it more difficult to provide
sufficient correcting means for the pupil imaging since the number of op-

tical surfaces within the aperture-defining lens group is limited.

It is one object of the present invention to provide a compact projection
objective that can be built with relatively small amounts of transparent
optical material and allows sufficient degrees of freedom for correcting
the imaging, particularly for the pupil imaging between the most image-
side pupil surface and the image surface. It is another object of the in-
vention to provide a catadioptric in-line projection objective for micro-
lithography suitable for use in the deep ultraviolet range having potential
for very high image-side numerical aperture which may extend to values

allowing immersion lithography at numerical apertures NA > 1.
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[ SUMMARY OF THE INVENTION
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

E As a solution to these and other objects the invention, according to one
 formulation, provides a projection objective for imaging a pattern ar-
[ ranged in an object surface of the projection objective onto an image
[
[

surface of the projection objective using ultraviolet radiation comprising:
O
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ra plurality of optical elements including transparent optical elements

Etransparent for radiation at an operating wavelength A, where 260 nm >

[A>150 nm;

Ean image-side pupil surface being the pupil surface closest to the image

r surface;

"an aperture-defining lens group arranged between the image-side pupil

E surface and the image surface for converging radiation coming from the

[ image-side pupil surface towards the image surface to define an image-

E side numerical aperture NA, where 0,7 < NA <1 4.

[ wherein the aperture-defining lens group includes at least one high-

E index lens made from a transparent high-index material having a refrac-

[ tive index nuj, where np > ngio2, and where nsioz is the refractive index of

E silicon dioxide (SiO2) at the operating wavelength.

[

"If at least one lens having a refractive index larger than that of fused sil-

[ica at the operating wavelength is used in the aperture-defining lens
group responsible for the pupil imaging, additional degrees of freedom
with respect to correction of imaging aberrations become available.
Firstly, additional space for lenses may be provided between the image-
side pupil surface and the image surface such that more lens surfaces
contributing to imaging correction can be utilized in that region. Further,
since the refractive power of a lens depends on the radii of the lens sur-

faces and the refractive index of the lens material, utilizing high-index

sired refractive power. A decrease in lens radius, however, tends to de-
crease the contribution of a lens surface to aberrations, whereby image
aberrations can be avoided to some extent in the first place if a high-
index material is used in the aperture-defining lens group. Further, a re-
laxed construction of the aperture-defining lens group allows additional
degrees of freedom for positioning an aperture stop at or close to the
image-side pupil surface and to allow space for adjusting the diameter of

[
[
[
[
[
[
[
[
[
[
[
[ material for a lens allows to decrease the lens radii and still obtain a de-
[
[
[
[
[
[
[
[
[
[
E the aperture stop as needed. These advantageous can be obtained in
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[ conjunction with moderate lens sizes particularly in the region close to
Ethe image-side pupil surface, whereby a projection objective can be pro-

 vided at reasonable costs.
[

[
 In some embodiments, the high-index material has a refractive index ny

‘> 1.6 at the operating wavelength. The high-index material may be a
Esolid material chosen from the group including aluminum oxide (Al2O3),
[ magnesium aluminum oxide (MgAl.O4, spinell), lanthanum fluoride
E (LaF3), mixtures of calcium strontium oxide or magnesium strontium ox-
ide. The latter mixed materials have been proposed e.g. in the article
E“Immersion efforts looks to new crystals, liquids” by D. Lammers, EE
t Times, August 16, 2004 e.g. in: http://www.siliconstrategies.com. These

" materials may be used to provide one or more solid high-index lenses.
[

[
[ Alternatively, or in addition, at least one high-index liquid material may

Ebe used having a refractive index ny > 1,4. The liquid material may be
[ chosen from the group including Cyclohexane and doped water. In the
Earticle “Doped water’ could extend 193 nm immersion litho” by D. Lam-
cmers, EE Times January 28, 2004 available e.g. through
Ehttp://www.eetimes.com it has been proposed that immersion liquids
 with refractive index higher than water (n=1,437) can be obtained by
" mixing water with sulphates, alkilies such as caesium, or various phos-
E phates. Caesium sulphate is reported to mix readily with water to obtain
[ a liquid with refractive index 1,6 (see e.g. article “IMST Immersion work-
EshOp looks foreward to manufacturing”, January 29, 2004, e.g. in:

[ hitp://www .eurosemi.eu.com.
[

[
r Using a high-index liquid allows to provide one or more high-index

"lenses formed as a liquid lens having positive or negative refractive
E power from a liquid transparent to radiation at the operating wavelength
[and confined between an object-side bordering element and an image-
E side bordering element. In some embodiments, the object-side bordering

O
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[ element is a last solid optical element of the projection objective and the
Eimage-side bordering element is the substrate to be exposed. In this
[ case an immersion liquid in contact with the substrate may form the lig-
E vid lens.

[

"It is also possible that the object-side bordering element and the image-
E side bordering element are formed by transparent elements of the pro-
[ jection objectives such that at least one liquid lens is formed at a position
Espaced apart from the image surface of the projection objective, e.qg.

[ within in the projection objective.

[

[

 In some embodiments it has been found useful that at least one of the
" bordering elements adjacent to a liquid lens has a refractive index which
[

. is close to the refractive index of the high-index liquid forming the liquid

"lens, where preferably the condition An < 0,04 applies for the refractive
[

. index difference An between the refractive indexes of the bordering ele-
" ment and the liquid lens. Particularly small aberration contributions can
[

. be obtained at the interface between the object-side bordering element

[ and the high-index liquid if this condition is observed.
[

[
. The aperture-defining lens group includes positions optically close to the

"last pupil surface, positions optically close to the image surface and in-
E termediate positions positioned there between. In positions close to the
[ pupil surface, the chief ray height (CRH) has small values close to or at
E zero, whereas the marginal ray height (MRH) attains values close to or
[ at a local maximum. In contrast, in a region optically close to the image
E surface the marginal ray height decreases drastically, whereas the chief
 ray height increases between the image-side pupil surface and the im-
" age surface. Preferably, at least one high-index lens is arranged opti-
Ecally close to the image surface, particularly where the marginal ray
[ height (MRH) is less than 50% of the marginal ray height at the image-

[
. side pupil surface. Preferably, at least the material in contact with the
O
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[ substrate or positioned closest to the substrate to be exposed may be
E the high-index material (liquid or sofid).

[

EAccording to another formulation, the invention provides a catadioptric
¢ projection objective for imaging a pattern arranged in an object surface
[ of the projection objective onto an image surface of the projection objec-
E tive using ultraviolet radiation comprising:

[ a first objective part for imaging the pattern on the object surface onto a
E first intermediate image; and

[ @ second objective part for imaging an intermediate image onto the im-
age surface and having an image-side pupil surface being the pupil sur-
face closest to the image surface,

at least one of the objective parts including at least one concave mirror
and all optical elements (refractive and reflective) sharing a common
straight optical axis (in-line system);

wherein the second objective part includes an aperture-defining lens
group arranged between the image-side pupil surface and the image
surface for converging radiation coming from the image-side pupil sur-
face towards the image surface to define an image-side numerical aper-
ture NA, where 1,2 < NA < 1,4 in conjunction with an immersion medium,

the aperture-defining lens group including three aspheric lens surfaces.

Preferably, the aperture-defining lens group includes exactly three
aspheric lens surfaces.

Alternatively, or in addition, it may be preferable that the aperture-
defining lens group includes exactly three lenses having an aspherical
lens surface.

It has been found that providing three aspherical lens surfaces provides
an optimum compromise between benefits obtained by using aspherical

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
E surfaces for correction of the pupil imaging and the drawbacks resulting
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from the difficulties to manufacture an aspherical lens surface as com-
pared to manufacturing a spherical lens surface. In this context, an
aspherical lens surface is preferably a lens surface where the deforma-
tion (deviation of the aspherical lens surface from a spherical surface
defining the best fitting sphere) is larger than 0,01mm. Substantial cor-
recting effect can then be obtained with each of the aspherical lens sur-
faces.

According to another aspect the projection objective includes a number
Nasp of aspheric lens surfaces and a number Nagp. of lenses having at
least one aspheric lens surface, wherein the condition AR > 1 holds for

the asphere ratio AR = Nasp/NaspL.

If this condition is fulfilled regions with a spatially dens sequence of
aspheric lens surfaces can be obtained. In some embodiments, at least
one "double asphere" is obtained within the projection objective. The
term "double asphere" as used here describes a situation where two
aspherical optical surfaces are directly following each other along the
optical path. The double asphere may be formed by facing aspherical
surfaces of two separate, neighboring optical elements in a lens/lens or
lens/mirror configuration. The double asphere may also be formed by a
double aspherical lens (biasphere) where both lens surfaces are
aspherical surfaces. It has been found that the large density of aspheri-
cal surfaces, particularly including one or more double aspheres, may be
more effective for aberration correction than a more even distribution of
aspherical surfaces. In some embodiments, an aspherical surface may
be positioned next to a double asphere to form a triple asphere having
three immedeately consecutive aspherical surfaces, whereby a very

dense spatial configuration of aspherical surfaces can be obtained.

In some embodiments the projection objectives includes at least one

concave mirror positioned optically close to a pupil surface or at a pupil
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surface, where negative refractive power is arranged close to that con-
cave mirror such that radiation impinging on the concave mirror and re-
flected from the concave mirror is influenced by negative refractive
power. A significant contribution to correction of chromatic aberrations,
particularly chromatic length aberration (CHL), may be obtained.

The previous and other properties can be seen not only in the claims but
also in the description and the drawings, wherein individual characteris-
tics may be used either alone or in sub-combinations as an embodiment
of the invention and in other areas and may individually represent ad-
vantageous and patentable embodiments.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

In the following description of preferred embodiments of the invention,
the term “optical axis” shall refer to a straight line or sequence of
straight-line segments passing through the centers of curvature of the
optical elements. In the case of those examples presented here, the
object is either a mask (reticle) bearing the pattern of an integrated
circuit or some other pattern, for example, a grating pattern. In the
examples presented here, the image of the object is projected onto a

wafer serving as a substrate that is coated with a layer of photoresist,
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although other types of substrate, such as components of liquid-crystal
displays or substrates for optical gratings, are also feasible.

Embodiments having a plurality of mirrors are described. Unless stated
otherwise, the mirrors will be numbered according to the sequence in
which the radiation is reflected on the mirrors. With other words, the
numbering of the mirrors denotes the mirrors according to the position
along the optical path of radiation, rather than according to geometrical
position.

The terms “front” and “rear” as well as the terms “upstream” and
‘downstream” relate to relative positions along the optical path, where

“front” and “upstream” relate to positions closer to the object surface.

Where appropriate, identical or similar features or feature groups in
different embodiments are denoted by similar reference identifications.
Where reference numerals are used, those are increased by 100 or
multiples of 100 between embodiments.

Where tables are provided to disclose the specification of a design shown
in a figure, the table or tables are designated by the same numbers as the
respective figures.

Fig. 1 shows schematically a microlithographic projection exposure sys-
tem in the form of a wafer scanner WS, which is provided for fabricating
large scale integrated semiconductor components by means of immer-
sion lithography in a step-and-scan mode. The projection exposure sys-
tem comprises as light source an Excimer laser L having an operating
wavelength of 193 nm, other operating wavelengths, for example 157
nm or 248 nm, also being possible. A downstream illumination system
ILL generates, in its exit surface ES, a large, sharply delimited, homoge-

neously illuminated illumination field IF that is adapted to the telecentric
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requirements of the downstream catadioptric projection objective PO.
The illumination system ILL has devices for selection of the illumination
mode and, in the example, can be changed over between conventional
on-axis illumination with a variable degree of coherence, and off-axis
illumination, particularly annular illumination (having a ring shaped illu-
minated area in a pupil surface of the illumination system) and dipole or
quadrupole illumination.

Arranged downstream of the illumination system is a device RS (reticle
stage) for holding and manipulating a mask M in such a way that the
mask lies in the exit surface ES of the illumination system coinciding with
the object surface OS of the projection objective PO and can be moved
in this plane for scanning operation in a scanning direction (Y-direction)
perpendicular to the optical axis OA common to the illumination system
and the projection objective (i.e. the Z-direction).

The reduction projection objective PO is designed to image an image of
a pattern provided by the mask with a reduced scale of 4:1 onto a wafer
W coated with a photoresist layer. Other reduction scales, e.g. 5:1 or 8:1
are possible. The wafer W serving as a light-sensitive substrate is ar-
ranged in such a way that the planar substrate surface SS with the
photoresist layer essentially coincides with the planar image surface 1S
of the projection objective. The wafer is held by a device WS (wafer
stage) comprising a scanner drive in order to move the wafer synchro-
nously with the mask M in parallel with the latter. The device WS also
comprises manipulators in order to move the wafer both in the Z direc-
tion parallel to the optical axis OA and in the X and Y directions perpen-
dicular to said axis. A tilting device having at least one tilting axis running
perpendicular to the optical axis is integrated.

The device WS provided for holding the wafer W (wafer stage) is con-
structed for use in immersion lithography. It comprises a receptacle de-
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vice RD, which can be moved by a scanner drive and the bottom of
which has a flat recess for receiving the wafer W. A peripheral edge
forms a flat, upwardly open, liquidtight receptacle for a liquid immersion
medium IM, which can be introduced into the receptacle and discharged
from the latter by means of devices that are not shown. The height of the
edge is dimensioned in such a way that the immersion medium that has
been filled in can completely cover the surface SS of the wafer W and
the exit-side end region of the projection objective PO can dip into the
immersion liquid given a correctly set operating distance between objec-
tive exit and wafer surface.

The projection objective PO has a planoconvex lens as the last optical
element LOE nearest to the image surface IS, the planar exit surface of
said lens being the last optical surface (exit surface) of the projection
objective PO. During operation of the projection exposure system, the
exit surface of the last optical element is completely immersed in the
immersion liquid IL and is wetted by the latter. In the exemplary case,
ultrapure water having a refractive index n; ~ 1.437 (193 nm) is used as
the immersion liquid.

As shown schematically in the inset figure of Fig. 1, the illumination
system ILL is capable of generating an illumination field IF having a
arcuate shape (annular field or ring field). The size and shape of the
arcuate illumination field determines the size and shape of the effective
object field OF of the projection objective actually used for projecting an
image of a pattern on a mask in the image surface of the projection
objective. The illumination field IF has a length B parallel to the scanning
direction and a width A perpendicular to the scanning direction. A curved
inner edge IE closer to the optical axis and an outer edge OE further
away from the optical axis and radially off-set in Y-direction by length B
have the same edge radius R. It is a characterizing feature that the
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“illumination field does not inlcude the optical axis (off-axis illumination
[

field).
[

EFig. 2 shows schematically various configurations of transparent optical

 materials close to the image-side end of the projection objective and in
"the image space defined between a last optical element of the projection
Eobjective and the image surface IS, where the surface of the substrate
"W is positioned. In each example, high-index material having a refractive
Eindex larger than that of fused silica at the operating wavelength (e.g.

[ 193 nm) is identified by hatching.
[
[

In Fig. 2(a) the image-side end of a projection objective designed for
Esolid immersion is shown. The projection objective has a last optical
relement LOE closest to the image surface IS formed as a plano-convex
"lens made of a high-index solid material, such a sapphire (Al,O3), which
Ehas a spherically or aspherically curved entry surface and a planar exit
[surface essentially coinciding with the image surface of the projection
Eobjective. In embodiments designed for near-field lithography, a small
[ image-side working distance in the order of the operating wavelength or
'fractions thereof may be provided. The last but one optical element is a
Epositive lens typically made of fused silica or calcium fluoride.

[

Eln the configuration of Fig. 2(b) the last optical element LOE of the
[projection objective is formed by a meniscus lens having a convexly
Ecurved entry surface and a concave exit surface facing the image
rsurface IS positioned at a distance from the exit surface. A high index
“immersion liquid IL fills the image space between the exit surface of the
Eprojection objective (formed by the exit surface of the last optical
"element) and the substrate W at the image surface such that a liquid
Elens having positive refractive power is formed. Providing an immersion
(liquid which, during operation of the projection objective, is curved
Econvexly towards the projection objective allows to use immersion
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"liquids having a refractive index larger than the refractive index of the
Elast optical element without limiting the image-side numerical aperture
[ NA to values slightly smaller or at the refractive index of the material of
Ethe last optical element. Particularly, higher incidence angles of
[ projection radiation impinging on the interface between the last optical
Eelement and the immersion liquid can be used without causing
( intolerable reflection losses at this interface. This, in turn allows higher
"values for NA which may be larger than the refractive index of the last
E optical element LOE.

[

E In Fig. 2(c) a double-immersion-configuration is shown as a variant of
[ the configuration of Fig. 2(b). As in that case, the last optical element
ELOE of the projection objective, which cannot be exchanged, is a
r meniscus lens having a concave exit side facing the image surface IS. A
" plane parallel plate PL is provided at a distance from the last optical
Eelement parallel to the image surface of the projection objective such
[that a first, essentially plano-convex interspace is formed between the
E last optical element LOE and the parallel plate PL, and a second, plane
[ parallel interspace is formed between the plate PL and the image
Esurface. The exchangeable plate PL may be fixed to the body of the
[ projection objective. It is also possible that the plate is fixed to a
" separate holder. A first immersion liquid IL1 is filling the first interspace
E between the last optical element LOE and the plate PL, and a second
Chigh index immersion liquid IL2 fills the narrow, uniformly-sized
E interspace between the plate PL and the substrate W.

[

EThe advantages concerning attainable numerical apertures are
r essentially the same as explained in connection with Fig. 2(b). However,
" a double-immersion configuration allows to obtain a laminar flow of the
Eimmersion liquid IL2 in contact with the photosensitive substrate which
[allows a continuous or intermittent exchange and a better temperature
Econtrol of that fluid, whereby the influence of the immersion on the
0
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coptical performance is improved. Also, in case of contamination of one
Eor both faces of the plate PL, the plate may be exchanged for a clean
 plate. Further, if, for example, the last optical element LOE is made of
"calcium fluoride, a contact of that material with water-based immersion
Eliquid should be avoided as calcium fluoride is soluble in water.
[ Therefore, using a parallel plate PL allows to use a water-based
Eimmersion liquid as a second immersion liquid IL2 in contact with a
[ substrate, where the first immersion liquid IL1 can be chosen such that it
Eis not aggressive against calcium fluoride. The parallel plate PL may be
r made of fused silica, which is chemically stable against water and other,
"water-based immersion liquids. Each of the immersion liquids IL1, IL2
Ehas a refractive index larger than that of silicon dioxide. The immersion

[liquids IL1 and IL2 may be the same or different.
[

[
tIn Fig. 2(d) a basic configuration similar to “conventional” immersion

Elithography iIs shown. A plano-convex last optical element LOE of the
r projection objective, e.g. made of fused silica or calcium fluoride, is in
"contact with a high-index immersion liquid IL filling the image space
Ebetween the planar exit side of the last optical element and the image

[ surface.
[

[
[ The configuration in Fig. 2(e) is a variant of a “conventional” immersion

Esystem having a plano-convex lens as last optical element LOE of the
r projection objective. In Fig. 2(e) this lens is made of a solid high-index
"material, such as aluminum oxide. During operation, an image space
E between the planar exit surface of the last optical element and the image
[surface of the projection objective is filled with a high-index immersion
Eliquid IL having a refractive index which may be essentially the same as

[ that of the last optical element LOE or larger.
[

[
t Note that in all configurations the numerical aperture in all transparent

" optical materials between the last curved surface with refractive power of
[
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the optical elements and the image surface remains constant between
that surface and the image surface, whereas the propagation angles
(angles measured between the propagation direction of a ray and the
optical axis) vary depending on the various refractive indices of the
transparent optical materials.

In each of the following embodiments in Figs 3 to 10 one of the
configurations mentioned above is used on the image-end side of a
catadioptric in-line projection objective designed for 193 nm operation
wavelength and adapted to an arc-shaped image field. The image field is
characterized by A =26 mm, B = 55 mm and R = 11,5 mm (compare
inset in Fig. 1) in the embodiments of Figs 3 to 6 and 11 (two-mirror
systems) and by A = 26 mm, B = 4 mm and R = 14 mm in the
embodiments of Figs 7 to 10 and 12 (four-mirror systems). Note that the
size of the effective image field relates to the size of the effective object
field provided by the illumination system by the magnification factor p =
0,25 of the projection objective.

Preferred embodiments of catadioptric projection objectives adapted to
be used in a microlithographic projection exposure system will now be
described in detail. In all embodiments given below the surfaces of
curvature of all curved mirrors have a common axis of rotational
symmetry which coincides with the optical axis OA of the projection
objective. Catadioptric projection objectives having an even number of
mirrors, particularly axially symmetric systems, also named in-line
systems, are provided this way. No planar folding mirrors are used or
needed in these designs. The effective object field and image field are
off-axis, i.e. positioned at a radial distance from the optical axis. All
systems have a circular pupil centered around the optical axis thus
allowing use as projection objectives for microlithography.
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Fig. 3 shows a meridional lens section (in a Y-Z-plane) of an
embodiment of a catadioptric projection objective 300 designed to
project an image of a pattern on a reticle arranged in the planar object
surface OS (object plane) onto a planar image surface IS (image plane)
on a reduced scale, for example 4:1, while creating exactly one real
intermediate image IMI. An off-axis effective object field OF positioned
outside the optical axis OA is thereby projected on an off-axis image
field IF. The effective object field OF is an arcuate “ring field” shaped
generally in accordance with the inset of Fig. 1. The trajectory of a chief
ray CR of an outer field point of the off-axis object field OF in the
meridional plane (drawing plane) is drawn bold in order to facilitate
following the beam path. Aspherical surfaces are indicated by a dot.

For the purpose of this application, the term “chief ray” (also known as
principal ray) denotes a ray emanating from an outermost field point
(farthest away from the optical axis) of the effectively used object field
OF and intersecting the optical axis at least one pupil surface position.
Due to the rotational symmetry of the system the chief ray may be
chosen from an equivalent field point in the meridional plane, as shown
in the figures for demonstration purposes. In projection objectives being
essentially telecentric on the object side, the chief ray emanates from
the object surface parallel or at a very small angle with respect to the
optical axis. The imaging process is further characterized by the
trajectory of marginal rays. A “marginal ray’ as used herein is a ray
running from an axial object field point (on the optical axis) to the edge of
an aperture stop AS. That marginal ray may not contribute to image
formation due to vignetting when an off-axis effective object field is used.
The chief ray and marginal ray are chosen to characterize optical
properties of the projection objectives.

The projection objective 300 is designed as an immersion objective for

A =183 nm having an image side numerical aperture NA = 1,2 when
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[ used in conjunction with pure water as an immersion liquid between the
E exit face of the high-index last optical element and the image surface.
. Specifications are summarized in Table 3. The leftmost column lists the
" number of the refractive, reflective, or otherwise designated surface, the
E second column lists the radius, r, of that surface [mm], the third column
[ indicates the aspheric surfaces, the fourth column lists the distance,
Ed [mm], between a surface and the next surface, a parameter that is
[ referred to as the “thickness” of the optical surface, the fifth column lists
Ethe material employed for fabricating that optical element, and the sixth
 column lists the refractive index of that material. The seventh column
"lists the optically utilizable, clear, semi diameter [mm] of the optical
E component. A radius r = 0 in a table designates a planar surface (having

L infinite radius).
[
[

[ A number of surfaces in table 3 are aspherical surfaces. Table 3A lists
E the associated data for those aspherical surfaces, from which the sagitta
r or rising height p(h) of their surface figures as a function of the height h

' may be computed employing the following equation:
[

[
[ p(h) = [((1/rh®)/(1 + SQRT(1 - (1 + K)(1/r?h2)] + C1-h*+C2 - h® + ...,
E

[ where the reciprocal value (1/r) of the radius is the curvature of the
E surface in question at the surface vertex and h is the distance of a point
 thereon from the optical axis. The sagitta or rising height p(h) thus
' represents the distance of that point from the vertex of the surface in
E question, measured along the z-direction, i.e., along the optical axis. The

[ constants K, C1, C2, etc., are listed in Table 3A.
[

[
[ A first, catadioptric objective part OP1 is designed to image the object

Efield into the only intermediate image IMI at an enlarging magnification
cratio B4 = -1,63. A second, purely refractive objective part OP2 is

Edesigned to image the intermediate image INi at a reducing
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magnification Bz = -0,15 into the image field IF positioned in the image
surface IS. A first pupil surface P1 is formed within the first objective part
at a position where the chief ray CR intersects the optical axis OA
between object field and intermediate image IMI. A second pupil surface
P2 is formed in the second objective part where the chief ray CR
intersects the optical axis a second time. The second pupil surface P2 is
the image-side pupil surface closest to the image surface. The aperture
stop AS, which may be variable to define the effectively used numerical
aperture, is placed in the vicinity of the image-side pupil surface. An
aperture-defining lens group ADLG arranged between the image-side
pupil surface P2 and the image surface IS performs a pupil imaging and
concentrates positive refractive power for converging radiation coming
from the image-side pupil surface towards the image surface to define
the image-side numerical aperture NA = 1,2.

The first objective part has a first, refractive lens group LG11 having two
positive lenses, and a mirror group MG1 including a first, concave mirror
M1 situated on the optical axis OA opticaily close to the first pupil
surface P1 and having a mirror surface facing the object-side, and a
second mirror M2 having a large-radius convex mirror surface facing the
image-side positioned outside the optical axis optically close to the
intermediate image. A negative meniscus lens (surfaces 5, 6) situated in
front of the first mirror M1 is passed twice by the radiation. In
combination with positive optical power provided by the concave mirror
M1 a correcting effect on chromatic aberrations is obtained and the
angular spectrum of radiation impinging on second mirror M2 is adjusted
appropriately.

The second objective part OP2 includes a first lens group LG21 with
positive refractive power, a second lens group LG22 with negative
refractive power to define a constriction region CON where the beam

bundle diameter attains a local minimum, a third lens group LG23 with
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[ positive refractive power for defining the shape and angular spectrum of
Ethe radiation at the second pupil surface P2, and the aperture-defining
r lens group ADLG having overall positive refractive power.

[

EThe concave mirror M1 has sufficient optical power to compensate, in
[ combination with the doubly passed lens in front of it, the opposite effect
Eof the positive lenses on Petzval sum. The intermediate image IMI is
[ overcorrected for Petzval sum. This effect is compensated by the
Esecond objective part, which includes positive refractive power
r concentrated in the aperture-defining lens group ADLG where the
" marginal ray height attains a local maximum, thereby providing strong
Eundercorrection of Petzval sum such that an essentially flat image is

[ obtained.
[

[
t The aperture-defining lens group ADLG includes exactly three

E aspherical lenses immediately upstream of the plano-convex last optical
 element LOE and formed by positive meniscus lenses having concave,
" aspherical exit surfaces facing the image surface. The image-side end of
Ethe projection objective is designed generally in accordance with Fig.
[ 2(a). The last optical element LOE is formed by a high-index magnesium
E aluminum oxide mixture with spinell structure having refractive index ny
(= 1,702. An image-side working distance of about 2 mm between the
E planar exit side of the last optical element in the image surface is filled
. with a high-index immersion liquid having ny = 1,597. Cycloheptane may

" be used for that purpose.
[

[
[ Although an image-side numerical aperture substantiaily larger than NA
E= 1,2 could be obtained in that configuration, the high-index material
[ optically close to the image surface is primarily used to relax the
Econstruction of the aperture-defining lens group by enlarging the focal
r length of that lens group in order to provide sufficient installation space

[ for lenses contributing to aberration correction.
L
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" The projection objective 400 of Fig. 4 is a variant of the projection
Eobjective 300 designed for double-immersion generally in accordance
[ with Fig. 2(c). This sequence and types of lenses upstream of the
Easpherical exit surface of the most image-side positive meniscus lens
[ (surface 46) is essentially the same as in objective 300 (compare tables
E 3 and 4), therefore reference is made to that description. In
contradistinction to embodiment 300, the image-side end includes a last
but one lens designed as a positive meniscus lens having a concave exit
surface facing the image surface, and a last optical element LOE
designed as a positive meniscus lens having a concave exit surface
facing the image surface. A plane parallel plate PL is arranged at a
distance from the last optical element between that optical element and
the image surface. During operation, a plano-convex interspace between
the last optical element LOE and the parallel plate PL, as well as an
plane parallel interspace between the parallel plate PL and the image
surface are filled with the same high-index immersion liquid having
refractive index near to ny = 1,702 substantially larger than the refractive
index ngioz2 = 1,561 of the last optical element LOE and the parallel plate
PL. A cyclic hydrocarbon, such as Decalin (Decahydronaphthalene) may
be used.

[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
[
' The projection objective 500 in Fig. 5 is a variant of the basic design of
[

. Fig. 3 adapted for use with a high-index immersion liquid to be filled in a
[ plano-convex interspace between the last optical element LOE formed
E by a positive meniscus lens made of fused silica having a concave exit
[ side facing the image surface, and the image surface as shown
E schematically in Fig. 2(b). A high-index immersion liquid with ny = 1,702
[ is used.

[

[

. The projection objective 600 in Fig. 6 is a variant of the design of Fig. 3

[ adapted for use with a single layer of high-index immersion liquid to be
L
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filled in a uniformly thick interspace between a planar exit surface of the
last optical element LOE and the planar image surface in accordance
with Fig. 2(d). The refractive index of the plano-convex last optical
element LOE made of fused silica (ngio2 = 1,561) and the refractive
index nn = 1,597 of the doped water used as immersion liquid are
essentially the same (refractive index difference An = 0,0386).
Manufacturing tolerances for the last optical element can be relaxed due

to the small difference in refractive index.

The specification of a variant of the projection objective 600 adapted to
pure water (n ~ 1.437) as an immersion liquid is given in tables 11, 11A.
The number and sequence as well as the type (general shape) of lenses
and mirrors are the same as in the embodiment of Fig. 6, as seen in Fig.
11. In contradistinction to that embodiment, the plano-convex lens
forming the last optical element is made of fused silica. No high-index
material is used in that embodiment.

The projection objective 700 in Fig. 7 is an representative example of a
second design type of a catadioptric projection objective according to the
invention. The embodiment is adapted for immersion lithography using
pure water (n ~ 1.437) as an immersion liquid at NA=1,3. A plano-
convex lens made of a high-index solid (ny=1,786) forms the last optical
element LOE. A first, catadioptric objective part OP1 is designed to
image the off-axis object field OF into the only intermediate image IMI at
an enlarging scale (B1 = -3,23). A second, catadioptric objective part
OP2 is designed to image the intermediate image onto the image field IF
at a reducing scale ((B2 = -0,077). In the first objective part, a refractive
first lens group LG11 having positive refractive power is designed to
converge the radiation towards a first, concave mirror M1 of mirror group
MGH1, in front of which a negative meniscus lens is situated. Radiation
reflected from first mirror M1 is directed at second mirror M2 having a

slightly convex mirror surface facing the image side. Whereas the first
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mirror M1 is situated on the optical axis optically close to the first pupil
surface P1, the second mirror M2 is off-axis and optically close to a field
surface (intermediate image IMI).

In the entry region of second objective part OP2 a second mirror group
MG2 including a third mirror M3 having a concave mirror surface facing
the object side and a fourth mirror M4 having a convex mirror surface
facing the image-side are designed to converge the radiation towards a
second lens group LG22 including three consecutive negative meniscus
lenses, whereby a constriction CON characterized by a local minimum in
beam diameter is created. A third lens group LG23 having positive
refractive power, and an aperture-defining lens group ADLG having
positive refractive power are designed to converge the radiation towards
the image surface. An aperture stop AS is positioned close to an image-
side pupil surface P2 situated between a third lens group LG23 and the
aperture-defining lens group ADLG.

By comparing the basic construction of embodiments shown in Fig. 3 to
Fig. 7 with this configuration, it appears that the function of refractive
lens group LG21 provided in that embodiment is at least partly
performed now by the second mirror group MG2 at the entry of the
second objective part. It is a characterizing feature that at least three
negative lenses are provided between the fourth mirror M4 and the
image-side pupil surface P2. Specifically, the three consecutive negative
lenses in the constriction region CON contribute significantly to spherical
aberration, coma and Petzval sum correction. Further, the second
objective part OP2 is characterized by a large density of aspheric
surfaces. Specifically, a triple asphere TA including three consecutive
aspheric surfaces (surfaces 22, 23 and 24) is provided in a transition
region between negative lens group LG22 and positive lens group LG23,
which opens with a bi-aspherical positive lens (surfaces 23, 24). A
double asphere DA is formed by facing optical surfaces of the following
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lenses (surfaces 26, 27). Three consecutive aspheric lenses, each
having an aspherical exit surface facing the image surface, are provided
in the aperture-defining lens group ADLG. As a consequence, a second
objective part OB2 includes a number Nasp = 9 aspheric lens surfaces
and a number NaspL = 8 lenses having at least one aspheric lens surface.
Therefore, the asphere ratio AR = Nasp/NaspL = 1,125 in the second
objective part, which forms an imaging subsystem within the projection
objective 700.

The specification of a variant of the projection objective 700 also
adapted to pure water (n = 1.437) as an immersion liquid is given in
tables 12, 12A. The number and sequence as well as the type (general
shape) of lenses and mirrors are the same as in the embodiment of Fig.
7, as seen in Fig. 12. In contradistinction to that embodiment, the plano-
convex lens forming the last optical element is made of fused silica. No
high-index material is used in that embodiment.

The projection objective 800 is designed for solid immersion in
accordance with Fig. 2(a), where the planar exit surface of the plano-
convex last optical element LOE is brought in contact with the surface of
the substrate to be exposed. Whereas the last but one positive lens PL
is made of fused silica, the last optical element LOE is made of a solid
high-index material having nw = 1,760. Although an image-side
numerical aperture in the order of NA > 1,6 may be obtained under this
condition, the actual value is confined to NA = 1,3. The high-index last
optical element enables to combine this high NA-value with relatively
small propagation angles of radiation upstream of the last optical
element within the aperture-defining lens group ADLG, which therefore
may be designed in a relaxed manner with large focal length and
sufficient space for lenses, including three aspherical lenses for
correcting the pupil imaging between the image-side pupil surface P2
and the image surface.
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Projection objective 900 of Fig. 9 is a variant of projection objective 800
of Fig. 8, where the most significant difference lies in the construction of
the image-side end of the projection objective, which is designed
generally in accordance with Fig. 2(b) to be used with a high-index
immersion liquid in a plano-convex space between a concave exit
surface of the last optical element LOE (made of fused silica) and the
image surface.

The projection objective 1000 in Fig. 10 is a variant of the embodiment
shown in Fig. 8 designed on the image-side end for double-immersion
generally in accordance with Fig. 2(c). In operation, the image-side end
has, in that sequence, a last optical element LOE designed as a positive
meniscus lens having a concave exit surface, a plano-convex immersion
space filled with a high-index immersion liquid with ng = 1,751, a plane
parallel plate PL of fused silica, a second, plane parallel space filled with
immersion liquid with ny = 1,751, adjacent to the image surface. As
explained above, problems originating in contamination of the optical
surfaces at the image end and problems originating from non-uniform
liquid flow and temperature conditions within the immersion liquid can be
largely avoided if double-immersion is used instead of single immersion
as shown, for example, in Fig. 2(b).

As mentioned earlier, the invention allows to built catadioptric projection
objectives with high numerical aperture, particularly allowing immersion
lithography at numerical apertures NA > 1, that can be built with
relatively small amounts of optical material. The potential for small
material consumption is demonstrated in the following considering
parameters describing the fact that particularly compact projection
objectives can be manufactured.
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[ Generally, the dimensions of projection objectives tend to increase
Edramatically as the image side numerical aperture NA is increased.
[ Empirically it has been found that the maximum lens diameter Dmax tends
Eto increase stronger than linear with increase of NA according to
[ Dmax ~ NA¥, where k > 1. A value k = 2 is an approximation used for the
" purpose of this application. Further, it has been found that the maximum
Elens diameter Dmax increases in proportion to the image field size
[ (represented by the image field height Y’, where Y’ is the maximum
Edistance between an image field point and the optical axis). A linear
[ dependency is assumed for the purpose of the application. Based on

" these considerations a first compactness parameter COMP1 is defined

as:
COMP1 = Dmax/(Y’ - NA?).

It is evident that, for given values of image field height and numerical
aperture, the first compaction parameter COMP1 should be as small as
possible if a compact design is desired.

Considering the overall material consumption necessary for providing a
projection objective, the absolute number of lenses, N_ is also relevant.
Typically, systems with a smaller number of lenses are preferred to

compactness parameter COMP2 is defined as follows:
COMP2 = COMP1 - N..

Again, small values for COMP2 are indicative of compact optical
systems.

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

E systems with larger numbers of lenses. Therefore, a second
[

[

[

[

[

[

[

[

[

[ Further, projection objectives according to preferred embodiments of the
E invention have at least two objective parts for imaging an entry side field
[ surface into an optically conjugate exit side field surface, where the
[
[

imaging objective parts are concatenated at intermediate images.
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" Typically, the number of lenses and the overall material necessary to

E build an projection objective will increase the higher the number Ngp of
imaging objective parts of the optical system is. It is desirable to keep
the average number of lenses per objective part, N_ / Nop, as small as
possible. Therefore, a third compactness parameter COMP3 is defined
as follows:

COMP3 = COMP1 - N_/ Nop.

Again, projection objectives with low optical material consumption will be
characterized by small values of COMP3.

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[ Table 13 summarizes the values necessary to calculate the
E compactness parameters COMP1, COMP2, COMP3 and the respective
r values for these parameters for each of the systems presented with a
" specification table (the table number (corresponding to the same number
[

. of a figure}) is given in column 1 of table 13). Therefore, in order to obtain
[ a compact catadioptric projection objective having at least one concave
[

: mirror and at least two imaging objective parts (i.e. at least one
[
[
[
[
[
[
[
[

intermediate image) at least one of the following conditions should be
observed:

COMP1 <15

Preferably COMP1 <14 should be observed. This limit applies
E particularly for two-mirror systems (i.e. catadioptric projection objectives

[ having two concave mirrors).

[

[

. In four mirror-systems (such as shown in Figs 7 to 10 and 12) the design

' can be even more compact when COMP 1 is considered. Preferably the
[

- condition
[

E COMP1 < 12
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should be observed, where preferably COMP1 < 11 may apply.

Table 13 shows that preferred embodiments according to the invention
generally observe at least one of these conditions indicating that
compact designs with moderate material consumption are obtained
according to the design rules laid out in this specification.

The principles of the invention have been explained using high-NA
catadioptric projection objectives designed for immersion lithography at
NA > 1. The invention can also be utilized in “dry systems”, i.e. in
catadioptric projection objectives with NA < 1 having an image side
working distance which is filled with a gas during operation.

The above description of the preferred embodiments has been given by
way of example. From the disclosure given, those skilled in the art will
not only understand the present invention and its attendant advantages,
but will also find apparent various changes and modifications to the
structures and methods disclosed. It is sought, therefore, to cover all
changes and modifications as fall within the spirit and scope of the

invention, as defined by the appended claims, and equivalents thereof.

The content of all the claims is made part of this description by reference.
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Table 3
Surface Radius Thickness Material Index  183.3568 nm Semidiameter
1 -404,542022 36.232225 S102 1.56078570 B88.996
2 -184.402723 AS 1.000080 AIR 1.00000000 95.088
3 674.592973 51.347882 SI02 1.56078570 102.076
4 -174.232362 144.581202 | AIR 1.00000000 102.828
5 -162.800929 AS 14.999049 CAF2 1.50185255 53.189
5] -1456.920767 15.293417 AIR 1.00000000 63.896
7 -202.841004 -15.293417 REFL 1.00000000 67.884
8 -1456.920767 -14.999048 CAF2 1.560185255 67.836
9 -162.800929 AS | -129.581898 | AIR 100000000 67.241
10 -2538.490880 AS 174 873667 REFL 1.00000000 89.519
11 -391.507349 46.632422 SI02 1.56078570 140.865
12 -195.389639 0.999852 AIR 1.00000000 144,625
13 1411.077988 AS 41.703225 S102 1.56078570 160.805
14 -529.305238 0.999461 AIR 1.00000000 162.519
15 1458.778723 34.033769 S102 1.56078570 165.701
16 -3002.433858 1.088813 AIR 1.00000000 166.002
17 212.825771 57.638065 SI02 1.66078570 165.361
18 436.070633 AS 107.276235 AIR 1.00000000 157.551
19 807.065576 AS 13.824876 S102 1.56078570 136.972
20 290.022861 105.550931 AIR 1.00000000 129.323
21 153.210365 45.794134 102 1.56078570 102.069
22 136.220631 56.777310 AIR 1.00000000 85.525
23 -236.154610 AS 16.122149 SI02 1.56078570 84.150
24 196.227428 58.167782 AIR 1.00000000 88.217
25 -225.833560 59.831340 8102 1.56078570 97.239
26 -193.684381 3.215861 AlR 1.00000000 118.689
27 1270.382760 AS 13.092290 S102 1.66078570 138.308
28 444.089768 15.430530 AlR 1.00000000 145.054
29 798.722954 70.490347 SI02 1.56078570 148.503
30 -372.865243 1.829734 AlR 1.00000000 155.186
3 1055.533545 39.622524 8102 1.56078570 165.276
32 -843.038518 36.110674 AlIR 1.00000000 165.999
a3 397.601006 52.148862 SI02 1.56078570 165.961
34 -2316.548771 -4,213465 AIR 1.00000000 164.343
35 0.000000 0.000000 AIR 1.00000000 163.851
36 0.000000 24.3298363 AIR 1.00000000 163.851
37 -584.913340 13.012880 §i02 1.56078570 163,706
38 -1175.679472 0.999882 AR 1.00000000 163.968
39 468.096624 53.626064 5102 1.56078570 161.375
40 -861.698483 0.999930 AR 1.00000000 159.675
41 199.043165 50.143874 5102 1.56078570 132.604
42 1068.213664 AS 0.999723 AlIR 1.00000000 126.983
43 159.145519 28.472240 5102 1.56078570 103.283
44 185.472842 AS 1.000460 AR 1.00000000 90.240
45 118.935626 36.986741 CAF2 1.50185255 82.041
48 183.063185 AS 1.167554 AIR 1.00000000 65.440
47 108.701433 56.721488 HIINDEX1 1.70196985 58.621
48 0.000000 1.996512 HIINDEX2 1.59667693 18.135
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Aspheric Constants
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SRF 2

5 g 10 13
K 0 0 0 0 0
C1 -2.722625e-09 1.960629e-08 1.960625e-08 -2.008517e¢-09 4.688860e-12
c2 7.584994e-13 7.765801e-13 7.765801e-13 -9.087265e-14 -1.731249¢-13
C3 9.846612e-17 1.917740e-17 1.917740e-17 -8.260726e-18 -6.240777e-19
C4 6.877818e-21 2.910700e-22 2.910700e-22 5.085547e-23 4.036403e-23
C5 1.011674e-24 1.224735e-25 1.224735e-25 -1.203685e-26 -1.100969e-27
C6 -1.051032¢-29 -3.426250e-30 -3.426250e-30 -9.728791e-31 5.706583e-33
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.0C0000e+00 0.000000e+00
9] 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 18 19 23 27 42
K 0 0 0 0 0
c1 1.982111e-08 1.777327e-08 -1.163364e-07 -7.203585e-09 1.122801e-08
c2 -8.423501e-14 3.328332e-13 -9.570513e-13 1.049118e-13 -3.5695965e-14
c3 -7.692975e-19 2.038481e-20 4.236684e-17 -7.379754e-19 -2.518839¢-18
C4 1.931064e-22 7.263940e-22 -7.733258e-22 7.196196e-23 4.313506e-22
C5 -5.204262e-27 -3.379214e-26 2.136062e-26 -9.945374e-28 -1.564968e-26
Cé 8.863320e-32 6.878653e-31 1.705507e-30 4.329096e-32 3.223390e-31
c7 0.000000e+00 £.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
ca 0.000000e+00 ©.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 44 46
K 0 0
C1 1.449926e-08 6.313252¢-08
cz 5.832083e-13 1.940331e-12
c3 6.975570e-17 -2.373686e-16
c4 3.546013e-21 -1.406348e-21
c5 -1.283131e-26 -1.469813e-25
cs 1.520482e-29 9.584030e-29
c7 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00
Cco 0.000000e+00 0.000000e+00
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Table 4
Surface Radius Thickness Material Index 193.368 nm Semidiameter
1 -414.121100 42.366173 8102 1.56078570 88.595
2 -180.398286 AS 0.997246 AlR 1.00000000 95.880
3 672.276124 51.013183 SI02 1.56078570 102.455
4 -176.777070 141.655598 | AIR 1.00000000 103.078
5 -155.975967 AS 14.997355 CAF2 1.50185255 51.750
6 -1379.092049 14.967737 AlR 1.00000000 62.450
7 -199.579690 -14.967737 REFL 1.00000000 66.450
8 -1379.092049 -14.997355 CAF2 1.50185255 66.430
9 -155.975967 AS | -126.660492 | AIR 1.00000000 65.918
10 -2739.696693 AS | 171.620680 REFL 1.00000000 89.015
11 -377.604010 48.768472 SI02 1.56078570 140.210
12 -192.471339 1.143047 AlIR 1.00000000 144.656
13 1832.945177 AS 45.701706 3102 1.56078570 159.912
14 -432.630174 1.309799 AlIR 1.00000000 162.081
15 660.131289 33.354459 S102 1.56078570 165.645
16 13106.162262 1.201087 AlIR 1.00000000 165.350
17 211.754857 52.094947 3102 1.66078570 164.107
18 368.724438 AS [ 111.692117 | AIR 1.00000000 156.247
19 £§95.817447 AS 18.634797 SI02 1.56078570 137.290
20 273.576995 102.726199 | AIR 1.00000000 128.441
21 153.882013 53.558789 SI02 1.56078570 103.781
22 134.234534 55.463264 AlIR 1.00000000 84.662
23 -264.669591 AS 13.022221 8102 1.56078570 83.344
24 199.502999 58.221149 AlR 1.00000000 88.287
25 -239.260240 59.896334 8102 1.56078570 97.407
26 -1696.613503 1.765954 AR 1.00000000 118.186
27 11986.470171 AS 13.989223 Si02 1.56078570 136.152
28 432.693820 16.877009 AR 1.00000000 143.023
29 868.369835 68.316963 8102 1.66078570 146.466
30 -368.754428 3.325465 AlIR 1.00000000 153.285
31 948.367854 41.454358 SI02 1.56078570 164.595
32 -811.358547 21.980014 AlR 1.00000000 165.329
33 379.644456 54.827896 SI02 1.56078570 165.179
34 -2000.974239 -5.709303 AIR 1.00000000 163.419
35 0.000000 0.000000 AIR 1.00000000 163.100
36 0.000000 22976075 AIR 1.00000000 163.100
37 -613.803055 12.999109 8102 1.56078570 162,929
38 -1347.086830 1.077015 AlR 1.00000000 162.653
39 507.2253908 51.105620 S102 1.58078570 1569.495
40 -817.071242 1.39068%2 AIR 1.00000000 167.771
41 186.916911 50.121407 S102 1.56078570 128.074
42 751.052938 AS 0.999451 AIR 1.00000000 123.165
43 154.750641 22.386936 5102 1.56078570 100.269
44 200.808041 AS 0.969869 AIR 1.00000000 91.478
45 121.066042 34.146717 CAF2 1.50185255 82.634
46 169.446884 AS 1.216841 AR 1.00000000 66.454
47 103.838634 20.583027 S102 1.56078570 58.765
48 103.718650 26.529620 HIINDEX1 1.70196885 46.439
49 0.000000 10.000000 S102 1.56078570 30.992
50 0.000000 1.996512 HIINDEX1 1.70196985 18.983
51 0.000000 0.000000 AlR 0.00000000 17.000
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SRF 2

5 9 10 13
K 0 0 0 0 0
C1 -4.404795e-09 2.108903e-08 2.108503e-08 -9.135670e-10 1.561215e-10
c2 5.820719e-13 9.182484e-13 9.182484e-13 -1.409356e-13 -2.907275e-13
C3 B.269357e-17 2.420748¢-17 2.420748e-17 -6.913194e-18 1.928971e-18
c4 6.832303e-21 3.8165651e-22 3.8165651e-22 -2.311766e-22 1.443299e-23
C5 1.109394e-24 2.038192e-25 2.038192e-25 9.899481e-27 -1.206840e-27
Ce -1.850134e-29 -1.306007e-30 -1.306007e-30 -2.185577e-30 7.504603e-33
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 18 19 23 27 42
K 0 0 0 0 0
C1 2.067993e-08 2.125729e-08 -1.336932e-07 -8.138318e-09 5.632057e-09
cz -1.794696e-13 1.937856e-13 -1.621795e-12 9.789279%-14 -6.884692e-18
c3 1.805678e-19 3.281010e-21 2.384680e-17 -1.958751e-18 -3.284658e-18
c4 2.458151e-22 1.028071e-21 -5.679311e-22 1.143247e-22 8.247569e-22
Cs -6.710693e-27 -4.445379¢-26 -4.218802e-25 -2.199820e-27 -3.5638280e-26
(%] 1.159381e-31 8.293984e-31 3.402670e-29 7.977100e-32 7.399992e-31
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 44 46
K 0 0
C1 1.802314e-08 7.847301e-08
cz 1.052624e-12 1.326566e-12
c3 1.095664e-16 -3.074253e-16
c4 3.351062¢-21 1.612295e-20
Ccs -1.457987e-25 -4.631529¢-24
cé 3.258770e-29 5.829462e-28
c7 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00
o] 0.000000e+00 0.000000e+00
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Table 5
Surface Radius Thickness Material Inex 193.368 nm Semidiameter
1 -451.633069 41.847802 SI02 1.56078570 88.848
2 -179.764443 AS 0.997865 AlR 1.00000000 95.677
3 788.811739 49.5615274 Si102 1.56078570 101.750
4 -175.765286 142344513 | AIR 1.00000000 102.424
5 -152.168282 AS 14.909283 CAF2 1.50185255 52.217
3] -1224.206886 15.148776 AlR 1.00000000 63.166
7 -197.634797 -15.148776 REFL 1.00000000 67.215
8 -1224.296886 -14.999283 CAF2 1.50185255 67.146
9 -152.168282 AS | -127.348415 | AIR 1.00000000 66.389
10 -2297.976026 AS 172.492572 REFL 1.00000000 88.913
11 -363.177979 48.449667 SI02 1.56078570 140.748
12 -191.107660 0.999511 AlIR 1.00000000 145.196
13 1371.212896 AS 46.483123 S102 1.56078570 160.992
14 -443.917203 1.000590 AIR 1.00000000 162.829
16 1036.740259 32.622427 SI02 1.56078570 166.018
16 18207.832821 1.066839 AR 1.06000000 165.744
17 215.621498 52.169416 §102 1.56078570 164.511
18 393.524032 AS | 111107168 [ AIR 1.00000000 156.872
19 806.536545 AS 16.822440 S02 1.56078570 138.306
20 270.135089 106.851182 [ AIR 1.00000000 129.559
21 153.204682 53.733281 S102 1.56078570 105.125
22 135.178987 57.907901 AlR 1.00000000 86.138
23 -265.940335 AS 17.321242 8102 1.56078570 84.520
24 196.940842 56.734300 [ AIR 1.00000000 89.865
25 -240.085893 60.203703 SI02 1.56078570 97.829
26 -196.482791 1.011366 AIR 1.00000000 119.023
27 1505.948667 AS 13.006909 Sl02 1.56078570 137.367
28 436.428499 16.435228 AIR 1.00000000 144.478
29 837.903006 68.476413 8102 1.56078570 148.046
30 -356.200116 1.277689 AR 1.00000000 154.245
3 943.310018 42.390198 8102 1.56078570 165.276
32 -805.248142 28.982667 AIR 1.00000000 166.006
33 372.801733 57.042107 SI02 1.56078570 165.234
34 -2011.241856 -5.362421 AlR 1.00000000 163.126
35 0.000000 0.000000 AIR 1.00000000 162.695
38 0.000000 22.693554 AIR 1.00000000 162.685
37 -618.137674 13.166607 SI02 1.56078570 162.516
38 -1354.641448 1.437096 AlR 1.00000000 162.047
39 500.325754 50.334013 S102 1.56078570 158.446
40 -848.695041 1.055181 AIR 1.000000G0 156.638
41 180.208184 48.937616 SI102 1.56078570 128.548
42 871.846545 AS 0.899300 AIR 1.00000000 122.700
43 156.573271 23.501019 S102 1.66078570 100.182
44 190.148325 AS 0.999727 AlR 1.00000000 90.347
45 121.071287 34.552923 CAF2 1.501852565 81.853
46 182.688299 AS 0.998604 AlR 1.00000000 65.800
47 105.605176 20.369177 S102 1.56078570 58.914
48 99.320659 39.009260 GLASSS3 1.70196985 45.020
49 0.000000 0.000000 AlR 0.00000000 17.000
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Aspheric Constants
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SRF 2

5 9 10 13
K 0 0 0 0 0
c1 -3.874558e-09 2.221038e-08 2.221038e-08 -3.922240e-10 -8.667348e-12
c2 8.315942e-13 9.873497e-13 9.873487e-13 -1.977352e-13 -2.555495e-13
c3 1.016326e-16 3.165387¢e-17 3.165387e-17 -5.465052e-18 1.320002e-18
c4 6.175290e-21 1.398411e-22 1.398411e-22 -3.354122e-22 1.461733e-23
Cs 1.167104e-24 2.420682e-25 2.420682e-25 1.182185e-26 -9.502963e-28
Cé -3.544707¢-29 -4.120639e-30 -4.120639e-30 -2.423764e-30 5.753067e-33
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
ca 0.000000e+00Q 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 18 19 23 27 42
K 0 0 0 o 0
C1 2.045030e-08 2.256223e-08 -1.2856703e-07 -6.512254e-09 1.075423e-08
c2 -1.419891e-13 2.739230e-13 -1.156580e-12 1.223304e-13 -3.072658e-14
c3 5.317906e-18 -3.997897e-22 4.892617e-17 -1.406871e-18 -7.074621e-18
c4 1.512247¢-22 7.796208e-22 -1.326371e-21 9.709645e-23 9.986934e-22
C5 -3.315707e-27 -3.395311e-26 -3.320871e-26 -1.285907e-27 -4.000417e-26
c8 6.495461e-32 6.522368e-31 1.382652e-29 5.835628e-32 8.319761e-31
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
ce 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 44 48
K 0 0
c1 1.028484e-08 8.250136e-08
c2 3.036683e-13 2.629435e-12
c3 1.031272e-16 -3.068772e-16
C4 4.607358e-21 2.829771e-21
C5 -2.568057e-25 -1.206037e-24
cs 2.849902e-29 6.211885e-29
c7 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00
ce 0.000000e+00 0.000000e+00
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Table 6
Surface Radius Thickness Material Index 193.368 nm | Semidiameter
1 -331.000904 42.813272 5102 1.56078570 87.918
2 -186.584235 AS 0.998996 AIR 1.00000000 96.506
3 456.092636 54.350538 SI102 1.56078570 104.559
4 -187.500343 148.636637 | AIR 1.00000000 104.982
5 -167.147346 AS 14,908818 CAF2 1.50185255 53.680
6 -1774.729150 15.137660 AlR 1.00000000 64.137
7 -210.467126 -15.137660 REFL 1.00000000 68.008
8 -1774.729150 -14.998818 CAF2 1.50185255 658.008
9 -167.147346 AS | -133.638684 | AIR 1.00000000 67.649
10 -3173.721817 AS | 178.773115 REFL 1.00000000 92.046
11 -1077.389521 58.402850 S102 1.56078570 160.422
12 -231.757181 1.000238 AIR 1.00000000 154.439
13 9687.2263097 AS 43.632651 8102 1.56078570 163.998
14 -383.748558 1.000850 AR 1.00000000 165.716
15 1429.968899 26.165059 S102 1.56078570 166.011
16 3898.010913 0.909264 AlR 1.00000000 165.250
17 195.690040 51.365518 SI02 1.56078570 162.270
18 307.973470 AS | 112.530855 | AIR 1.00000000 153.025
19 353.925856 AS 14.621944 S102 1.56078570 131.543
20 192.060285 86.375704 AlR 1.00000000 122.255
21 155121944 64.250457 SI02 1.56078570 104.326
22 130.619670 55.246879 AIR 1.00000000 §1.462
23 -219.052805 AS 13.030104 8102 1.56078570 80.160
24 194.190299 50.223615 AlIR 1.00000000 86.444
25 -200.413455 63.662787 S102 1.56078570 91.322
26 -177.648047 1.036827 AIR 1.00000000 115.955
27 777.183202 AS 14.381647 SI02 1.56078570 140.005
28 426.571296 16.224176 AIR 1.00000000 146.424
28 773.106124 66.866991 8102 1.56078570 150.068
3o -356.919709 2.893664 AIR 1.00000000 155.097
31 1532.665989 40.910666 8102 1.56078570 164.941
3z -669.720091 34.068489 AIR 1.00000000 165.952
a3 459.493406 48.212313 8102 1.56078570 165.903
34 -2073.015200 -5.544810 AR 1.00000000 164.438
a5 0.000000 0.000000 AR 1.00000000 164.174
36 0.000000 26.013038 AlR 1.00000000 164.174
az -549.643917 13.007760 S102 1.56078570 164.053
a8 -1478.808572 1.037593 AIR 1.00000000 165.026
39 402.404594 63.032812 SI02 1.56078570 164.560
40 -758.807583 1.004453 AIR 1.00000000 162.896
41 199.150466 49.164957 8102 1.56078570 133.403
42 976.072546 AS 0.999907 AlR 1.00000000 127.646
43 126.061354 31.719144 SI02 1.56078570 98.206
44 167.480430 AS 0.999440 AlR 1.00000000 §8.650
45 116.813879 29.633926 CAF2 1.50185255 79.972
46 176.434975 AS 0.986811 AIR 1.00000000 66.214
47 99.243782 50.572086 8102 1.56078570 57.873
48 0.000000 1.996512 HIINDEX1 1.59667693 19.284
49 0.000000 0.000000 AR 0.00000000 17.001
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Table 6A
Aspheric Constants
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SRF 2 5 9 10 13

K 0 0 0 0 0

C1 -1.555531e-09 1.667918e-08 1.687918e-08 -1.348504e-09 7.573604e-10
c2 -6.958515e-14 6,232575¢-13 6.232575e-13 -3.176568e-15 -3.870838e-13
c3 -1.242060e-17 9.520592e-18 9.529592e-18 -6.759166e-18 2.190326e-18
c4 1.389350e-20 1.673173e-21 1.573173e-21 1.871932e-22 1.172042e-22
c5 1.251086e-25 -2.114196e-25 -2.114196e-25 -1.231992e-26 -4.121126e-27
ce 4.509880e-29 1.802556e-29 1.902556e-29 -2.072031e-31 3.470805e-32
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
csg 0.000000e+00 0.000000e+00 0.000000e+00 0.0000002+00 0.000000&+00
c9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 18 19 23 27 42

K 0 0 0 0 0

c1 2.849121e-08 3.066437e-08 -1.429500e-07 -9.011286e-09 1.649069e-08
c2 -2.278306e-13 -7.961198e-14 -2.394790e-12 1.443716e-13 -2.04045%e-13
Cc3 -8.088020e-18 4.912301e-19 4.129786e-17 -2.416742e-18 -1.139128e-18
C4 1.085216e-21 2.365625e-21 -5.08826%e-21 1.150323e-22 4.7853096e-22
C5 -3.346165e-26 -1.010887e-25 -1.337613e-25 -2.653658e-27 -1.860374e-26
Cce6 4.803561e-31 2.034614e-30 -3.296337e-29 6.716032e-32 4.389813e-31
c7 0.000000e+00 ©0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
(o] 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 44 46

K 0 0

C1 -6.517109e-09 7.951924e-08

c2 -5.411899e-13 5.625067e-12

G3 9.933771e-17 -8.187722e-16

C4 6.592214e-21 $.591368e-20

C5 1.596683e-25 -1.663052e-23

Ccs -4.426984e-30 1.270531e-27

c7 0.000000e+00 0.000000e+00

cs8 0.000000e+00 0.000000e+00

9] 0.000000e+00 0.000000e+00
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Table 7
Surface Radius Thickness Material Index 193.368 nm | Semidiameter
1 -140.823672 AS 57.43309598 8102 1.56078570 85.179
2 -204.756037 1.827474 AlR 1.00000000 106.319
3 2396.453106 66.012931 102 1.56078570 126.931
4 -836.638684 1.982704 AlR 1.00000000 125.824
5 1797.059677 14.713179 S102 1.56078570 123.061
<] 4149.711621 2.799289 AlR 1.00000000 121.381
7 340.970653 31.938127 S102 1.56078570 117.054
8 -1898.815009 AS | 204.027732 | AIR 1.00000000 113.970
9 -155.329952 13.308745 SI02 1.56078570 72.590
10 -695.719352 17.409035 AlIR 1.00000000 85.602
11 -243.893201 AS | -17.409035 REFL 1.00000000 89.704
12 -695.719352 -13.309745 8102 1.56078570 89.028
13 -155.329652 -179.734273 | AIR 1.00000000 84.959
14 -1318.535220 AS | 456.277939 REFL 1.00000000 113.654
15 -418.128785 -188.264797 REFL 1.00000000 268.689
16 -460.678827 110.821404 REFL 1.00000000 137.222
17 376.198743 AS 24631702 Si02 1.56078570 98.837
18 123.411374 80.569056 AlIR 1.00000000 87.243
19 -188.093003 24.804534 SI02 1.56078570 91.133
20 -451.680016 1.621150 AlIR 1.00000000 102,517
21 26469.630304 16.715830 SI02 1.56078570 107.381
22 201.259280 AS 35.754201 AlR 1.00000000 118.111
23 -1202.421670 AS 51.241370 802 1.56078570 128.188
24 -322.482765 AS 8.795729 AIR 1.00000000 132.239
25 258.337509 56.740990 Sl02 1.56078570 153.219
28 -12589.869567 AS 13.195369 AlIR 1.00000000 150.978
27 324.459180 AS 45.773586 5102 1.66078570 140.648
28 -497 518575 13.712710 AIR 1.00000000 148.967
29 -376.404658 13.085749 5102 1.56078570 149.173
30 -958.4641856 9.230241 AIR 1.00000000 151.496
3 -728.292950 28.695468 8102 1.56078570 151.626
32 -357.158659 18.667769 AlR 1.00000000 152.581
33 0.000000 0.000000 AlIR 1.00000000 146.019
34 0.000000 -16.100683 [ AIR 1.00000000 146.019
35 484.354722 22.103311 3102 1.56078570 146.382
36 948.500644 1.800326 AIR 1.00000000 145,547
37 333.774920 49.314075 SI02 1.56078570 144.715
38 -28057.399637 AS 0.998829 AIR 1.00000000 142.813
38 158.420364 53.881706 5102 1.56078570 116.975
40 581.967137 AS 0.998509 AlR 1.00000000 107.937
41 104.934453 41.887014 8102 1.56078570 81.972
42 167.465131 AS 0.995522 AR 1.00000000 63.820
43 93.083837 53.858695 HIINDEX1 1.78568015 56.852
44 0.000000 1.000000 WATER 1.43667693 20.140
45 0.000000 0.000000 AlR 0.00000000 18.001
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Table 7A
Aspheric Constants

C— ™ ™ M/ oMo e

SRF 1 8 11 14 17

K 0 0 0 0 0

C1 5.957933e-08 2.481530e-08 -5.109441e-09 2.044458e-12 -2.106855¢-08
c2 1.98335%e-12 -2.106333e-13 -1.514546e-13 6.373752e-14 8.956737e-14
C3 1.201592e-16 2.160013e-17 -6.120616e-18 -1.152163e-18 -3.652850e-17
C4 -2.700912e-23 -4.839678e-22 2.313325e-22 7.638886e-23 -1.097506e-21
C5 6.082962¢e-25 -5.713773e-27 -2.633844e-26 -3.033146e-27 -6.959896e-27
Cé -2.642537e-29 8.881762e-31 6.276857e-31 6.643171e-32 B8.723697e-30
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
Cc8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 22 23 24 26 27

K 0 0 0 0 0

c1 -5.654066e-09 5.468832e-08 -1.993769e-08 3.512543e-08 -3.999647e-08
c2 -1.931133e-12 1.076007e-13 3.867690e-13 -5.639458e-13 -6.709900e-19
c3 -2.481208e-17 -3.892917e-17 -1.570725e-17 3.882215e-18 -1.456616e-17
Cc4 5.232255e-21 6.516272e-22 3.297297e-22 -1.923201e-22 2.347099%¢-23
Cs -2.111625¢-25 6.792876e-27 1.949532e-27 6.195580e-27 2.220410e-28
cé 2.849533e-30 -4.282052e-31 -5.752876e-31 -1.678071e-31 -1.672158¢-31
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 38 40 42

K 0 0 0

C1 -6.766738e-09 -4.193986e-12 1.257645e-07

c2 -7.368853e-13 1.352189e-12 8.654450e-12

c3 1.586358e-17 -6.097321e-17 2.916255e-16

C4 3.936985e-22 5.969746e-21 -1.206138e-19

Cch -1.883310e-26 -3.255779e-25 4.057293e-23

Cs 2.137685e-31 9.856534e-30 -5.471715e-27

cv 0.000000e+00 0.000000e+00 0.000000e+00

c8 0.000000e+00 0.000000e+00 0.000000e+00

co 0.000000e+00 0.0000G0e+00 0.000000e+00
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Table 8
Surface Radius Thickness Material Index 193.368 nm | Semidiameter
1 -139.939073 AS 56.668455 5102 1.56078570 84.946
2 -204.568615 1.070135 AIR 1.00000000 105.840
3 239.096072 65.121557 5102 1.56078570 125.956
4 -692.788796 1.571173 AlR 1.00000000 125.004
5 1957.346368 13.080686 S102 1.56078570 121.787
6 1439.865663 2.086708 AR 1.00000000 119.718
7 353.510947 31.616914 SI102 1.66078570 116.673
8 -1227.690426 AS | 203.390504 [ AIR 1.00000000 114.118
9 -157.037989 13.053495 SI102 1.56078570 71.933
10 -687.975180 17.007176 AIR 1.00000000 84.503
11 -243.140860 AS -17.007176 REFL 1.00000000 B8.550
12 -687.975180 -13.053495 SI102 1.56078570 87.923
13 -1567.037999 -180.045623 | AIR 1.00000000 84.148
14 -1229.260994 AS 456.822311 REFL 1.00000000 112.739
15 -415.881540 -187.469556 REFL 1.00000000 269.993
16 -461.273571 110.622049 REFL 1.00000000 138.437
17 416.369746 AS 22.657139 §102 1.56078570 99.312
18 127.343817 81.5256715 AIR 1.00000000 87.994
19 -175.649639 25.205390 SI02 1.56078570 91.038
20 -395.046607 1.723874 AIR 1.00000000 102.252
21 4752.102432 17.551743 8102 1.56078570 107.514
22 207.928243 AS 36.620857 AlIR 1.00000000 116.600
23 -847.913584 AS 53.064053 Slo2 1.56078570 122.858
24 -317.558108 AS 10.132654 AIR 1.00000000 126.865
25 262.792389 55.215589 SI02 1.566078570 153.288
26 -12429.722386 AS 14.874464 AlR 1.00000000 151.228
27 331.657900 AS 47 885282 SI02 1.56078570 151.049
28 -521.198576 15.157977 AR 1.00000000 151.375
29 -364.704682 13.335942 5102 1.56078570 150.764
30 -913.671559 10.373584 AlR 1.00000000 153.606
3 -747.508150 29.699750 SI02 1.56078570 153.896
32 -353.767343 16.584736 AIR 1.00000000 154.899
33 £.000000 0.000000 AIR 1.00000000 148.746
34 0.000000 -15.584916 | AIR 1.00000000 148.746
35 467.578029 23.632973 SI02 1.56078570 149.243
38 1013.533552 1.802113 AlIR 1.00000000 148.398
37 320.005819 51.463273 S102 1.56078570 147.084
38 -62373.538118 AS 1172411 AIR 1.00000000 144.920
39 166.275527 53.143323 Si02 1.56078570 118.761
40 678.286117 AS 0.999760 AR 1.00000000 109.694
41 105.898192 40.733496 SI02 1.66078570 82.526
42 182.630168 AS 1.149050 AIR 1.00000000 66.139
43 95.822380 55.466141 HIINDEX1 1.76018665 57.704
44 0.000000 0.000000 AIR 0.00000000 18.001
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Table 8A
Aspheric Constants
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SRF 1 B 11 14 17

K 0 0 0 0 0

C1 6.029618e-08 2.414888e-08 -4.778400e-09 1.245817e-11 -1.786350e-08
c2 1.977400e-12 -1.754153e-13 -1.414883e-13 6.801196e-14 4.468447e-13
c3 1.297306e-16 2.161869e-17 6.411452e-18 -1.282692e-18 -3.702082e-17
c4 -6.465162e-23 -3.688233e-22 3.571585e-22 7.748610e-23 -4.404198e-22
C5 6.063912e-25 -1.968392¢-26 -4.048065e-26 -2.938896e-27 -5.684451e-26
cs -2.830320e-29 1.221206e-30 1.379349e-30 6.278026e-32 7.546398e-30
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 22 23 24 26 27

K 0 0 Y 0 0

C1 -6.734986e-10 5.553906e-08 -1.791098e-08 3.707823e-08 -3.550387e-08
c2 -1.751323e-12 1.384318e-14 3.025582e-13 -5.382312e-13 -7.220978e-18
c3 -5.043265e-17 -5.243875e-17 -1.190211e-17 2.499773e-18 -9.815037e-18
) 6.840058e-21 1.291553e-21 1.909715e-22 3.519276e-23 3.333902e-23
Cs -2.676941e-25 -1.397101e-26 8.123766e-28 7.23163%-28 4.084565¢e-28
cs 3.739931e-30 8.62865%e-32 -5.978842e-31 -4.265017e-32 -3.001149e-32
Cc7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 38 40 42

K 0 D 0

1 -3.626586e-09 -9.602390e-12 1.015803e-07

c2 -7.527255e-13 1.622695¢e-12 5.897100e-12

Cc3 1.554813e-17 -B.497345e-17 6.1556080e-17

C4 3.433043e-22 6.501324e-21 -8.1185548-20

C5 -1.684169e-26 -3.034013e-25 2.357436e-23

cs 1.922213e-31 8.528873e-30 -3.368932e-27

c7 0.000000e+00 0.000000e+00 0.000000e+00

C8 0.000000e+00 0.000000e+00 0.000000e+00

ca 0.000000e+00 0.000000e+00 0.000000e+00
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Table 9
Surface Radius Thickness Material Index 193.368 nm Semidiameter
1 -143.450651 AS 57.270855 SI102 1.56078570 85.095
2 -206.795430 0.999185 AlIR 1.00000000 105.561
3 238.942349 655.084734 SI102 1.56078570 124,717
4 -715.681319 1.922826 AIR 1.00000000 123.678
5 1969.861686 13.486505 S102 1.56078570 120.587
8 1956.232535 2.085647 AIR 1.00000000 118.680
7 351.063566 30.285116 8102 1.66078570 115.287
8 -1758.712740 AS | 197627466 | AIR 1.00000000 112.682
9 -158.482402 13.019095 S102 1.56078570 70.234
10 -717.195376 16.489522 AlR 1.00000000 82.406
11 -242.835615 AS | -16.489522 REFL 1.00000000 86.344
12 -717.195376 -13.019095 §102 1.66078570 B5.836
13 -158.482402 -177.629393 | AIR 1.00000000 B2.613
14 -1324.014672 AS | 455.015807 REFL 1.00000000 112.967
15 -414.262835 -187.362305 REFL 1.00000000 267.779
16 -458.612694 107.716389 REFL 1.00000000 136.372
17 443,456477 AS 22.553628 8102 1.66078570 98.289
18 127.177618 83.061925 AIR 1.00000000 87.356
19 -168.641635 26.194208 5102 1.56078570 00.922
20 -368.163655 2.172316 AlR 1.00000000 103.197
21 2411,489857 17.733305 8102 1.66078570 109.822
22 210.765543 AS 36.730354 AlR 1.00000000 118.851
23 -831.9009620 AS 53.167578 8102 1.66078570 125.050
24 -323.559346 AS 8.877188 AlR 1.00000000 131.662
25 261.636780 54.578305 S102 1.56078570 154,212
26 ~7451.510120 AS 11.673321 AlR 1.00000000 152.231
27 334.1134567 AS 46.289599 SI102 1.56078570 151.745
28 -521,440736 16.564426 AlR 1.00000000 152.216
29 -362.516258 12.998369 S102 1.56078570 151.706
30 -885.661707 9.199344 AlR 1.000Q0000 154.981
3 -760.796527 31.167725 8102 1.56078570 156.373
32 -354.924849 21.266047 AIR 1.00000000 156.575
33 0.000000 0.000000 AlR 1.00000000 150.737
34 0.000000 -19.908527 AlR 1.00000000 150.737
35 466.946915 24.184506 8102 1.56078570 151.060
36 1007.812349 1.000088 AlR 1.00000000 150.208
37 327.655912 52.259506 8102 1.56078570 149.067
38 B559.073662 AS 1.008018 AlIR 1.00000000 146.760
39 167.622816 51.251662 S102 1.56078570 120.228
40 755.582030 AS 0.998542 AlIR 1.00000000 113.007
41 111.268305 39.610904 S102 1.66078570 85.238
42 208.057298 AS 0.994963 AIR 1.00000000 70.122
43 96.749104 15.231814 S102 1.86078570 60.010
44 82.457236 42.900568 HIINDEX1 1.74083027 48.300
45 0.000000 0.000000 AlIR 0.00000000 18.001
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Table SA
Aspheric Constants
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SRF 1 8 11 14 17

K 0 0 0 0 0

c1 6.544677¢-08 2.162074e-08 -5.239503e-09 1.092411e-10 -2.331771e-08
cz 1.806423e-12 -3.031766e-13 -1.5679675e-13 6.350407e-14 5.772773e-13
Cc3 1.297100e-16 2.869963e-17 -7.844766e-18 -1.193786e-18 -4.477617e-17
C4 -2.621657¢-24 -4.280146e-22 4.623955e-22 7.117518e-23 -1.454389e-22
C5 7.019452e-25 -2.494189¢-26 -5.077577e-26 -2.571356e-27 -7.846302e-26
cs -2.854711e-29 1.410397¢-30 1.577810e-30 5.313151e-32 7.773042e-30
cy 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 22 23 24 26 27

K 0 0 0 0 0

C1 -2.745443e-08 5.504068e-08 -1.908337e-08 3.813921e-08 -3.744186e-08
c2 -1.430163e-12 7.749637e-14 3.534725e-13 -5.922217e-13 -2.137735e-18
c3 -5.862502e-17 -5.302435e-17 -1.382155e-17 2.5602458e-18 -1.196000e-17
C4 6.728883e-21 1.267574e-21 2.208808e-22 2.824486e-23 3.236426e-23
o] -2.451371e-25 -1.082217e-26 3.523530e-28 1.545158e-28 1.843694e-28
cé 3.279808e-30 1.088270e-31 -6.086769¢-31 -4.369267e-32 -6.628403g-32
c7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cg 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
co 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 38 40 42

K 0 0 0

c1 -3.844980e-09 -3.398546e-12 9.454938e-08

c2 -8.880362e-13 1.531428e-12 5.457038e-12

Cc3 1.651633e-17 -8.128857e-17 -2.777250e-17

C4 4.940631e-22 6.519570e-21 -5.706103e-20

c5 -2.154757e-26 -3.129316e-25 1.5680865e-23

cs 2.3711681e-31 8.388571e-30 -1.897858e-27

c7 0.000000e+00 0.000000e+00 0.000000e+00

cs 0.000000e+00 0.000000e+00 0.000000e+00

co 0.000000e+00 0.000000e+00 0.000000e+00
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Table 10
Surface Radius Thickness Material Index 193.368 nm | Semidiameter
1 -143.758671 AS 57.406768 SI02 1.56078570 85.023
2 -191.747696 1.160725 AIR 1.00000000 104.914
3 262.406876 66.568396 S102 1.56078570 121.885
4 -660.446223 2.956398 AIR 1.00000000 121.076
5 1807.942814 13.827382 §102 1.56078570 118.221
6 2860.322099 2.763629 AlR 1.00000000 116.681
7 372.167874 32.394269 8102 1.56078570 113.548
8 -5597.977799 AS | 198.998515 | AIR 1.00000000 110.172
9 -161,056083 13.111979 SIQ2 1.56078570 72.542
10 -710.061926 16.092176 | AIR 1.00000000 85.045
1 -245.005067 AS | -16.992176 REFL 1.00000000 88.979
12 -710.061926 -13.111979 5102 1.56078570 §8.381
13 -161.056093 -178.456992 | AIR 1.00000000 84.711
14 -1269.813125 AS 456,743570 REFL 1.00000000 112.130
15 -415.069093 -187.485062 REFL 1.00000000 265.201
16 -455.335485 106.779583 REFL 1.00000000 134 666
17 393.788810 AS 22 886347 5102 1.66078570 97.923
18 126.775396 82.399523 AlIR 1.00000000 87.164
19 -169.193381 26.323032 5102 1.66078570 90.623
20 -374.448573 2.507925 AlR 1.00000000 102.877
21 2687.188508 17.800162 §102 1.56078570 109.393
22 214.951760 AS 37.379156 AIR 1.00000000 118.556
23 -782.800400 AS 53.764790 S102 1.56078570 125.976
24 -331.748589 AS 8.779472 AlR 1.00000000 132.976
25 263.534372 53.789713 5102 1.56078570 155.917
26 -10091.465506 AS 11.684437 | AIR 1.00000000 154.056
27 336.628180 AS 46.842179 5102 1.56078570 153.605
28 -524.036178 16.083667 | AIR 1.00000000 154.085
29 -361.494925 13.160214 SI02 1.56078570 153,588
30 -887.600668 7.655686 AlR 1.00000000 157.086
3 -757.302512 30.706439 SI02 1.56078570 157.410
32 -356.228549 20.569987 [ AR 1.00000000 158.573
33 0.000000 0.000000 AlR 1.00000000 153.024
34 0.000000 -19.570300 AIR 1.00000000 153.024
35 466.343801 24.348330 8102 1.56078570 153.460
36 1007.994113 1.045023 AIR 1.00000000 152.646
37 327.911368 52.702566 SI02 1.56078570 151.549
38 6644.997887 AS 1.030724 AIR 1.00000000 149.268
39 170.393057 51.776105 Si02 1.56078570 122.801
40 713.133919 AS 1.221421 AlIR 1.00000000 115.628
14 114.354690 39.319232 5102 1.56078570 87.759
42 217.249445 AS 1.502569 AIR 1.00000000 73.430
43 99.993745 13.872371 §102 1.66078570 62.621
44 81.034397 36.208638 HIINDEX1 1.75124600 51.110
45 0.000000 5.000000 Si02 1.56078570 31.083
45 0.000000 5.000000 HINDEX1 1.75124600 23.545
47 0.000000 0.000000 AlR 0.00000000 18.001
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SRF 1 8 11 14 17

K 0 0 0 0 0

c1 6.210399¢-08 1.051314e-08 -4.569414e-09 -1.170452e-10 -2.490154e-08
c2 1.322671e-12 -3.222083e-13 -1.355497e-13 6.160782e-14 5.760576e-13
c3 1.381370e-16 2.983455e-17 -5.800270e-18 ~7.96339%e-18 -4.995261e-17
C4 -3.915352e-24 -5.584427e-22 2.308879e-22 4.962774e-23 1.662080e-22
cs 5.960542e-25 -2.378406e-26 -2.634160e-26 -1.672115e-27 -1.194410e-25
cé -7.993263e-30 1.339901e-30 4.940167e-31 3.658240e-32 7.937623e-30
C7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c8 0.00000Ce+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 22 23 24 26 27

K 0 0 0 0 0

C1 -3.526126e-08 5.446621e-08 -1.645252¢-08 3.708765e-08 -3.5676180e-08
c2 -1.261634e-12 8.646900e-14 3.102803e-13 -5.458169e-13 -4.908192e-19
C3 -4.207319e-17 -4.238433e-17 -1.123332e-17 1.694357e-18 -1.112975e-17
Ca 5.12466%9e-21 1.115885e-21 1.935408e-22 2.693408e-23 3.052683e-23
Ch -1.827823e-25 -1.256788e-26 2.150379¢-28 1.272051e-28 -9.406336e-29
C6 2.424527e-30 3.245209e-31 -5.110521e-31 -4.770036e-32 -7.115777e-32
Cc7 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
cs8 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
c9 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00 0.000000e+00
SRF 38 40 42

K 0 0 0

C1 -3.058277¢-09 -3.738153e-12 8.462131e-08

c2 -7.881241e-13 1.325204e-12 4.796560e-12

Cc3 1.189448e-17 -5.820514e-17 -4.068007¢-17

C4 5.234460e-22 5.182324e-21 -1.845363e-20

cs -1.97262%e-26 -2.333482e-25 5.685841e-24

cé 2.034018e-31 5.777182e-30 -6.748719e-28

c7 0.000000e+00 0.000000e+00 0.000000e+00

Cc8 0.000000e+00 0.000000e+00 0.000000e+00

C9 0.000000e+00 0.000000e+00 0.000000e+00
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Table 11
SRF Radius Thickness | Material Index 193.368 nm Semidiam..
1 -363.562869 43.314852 SI02 1.56078570 88.757
2 -190.552538 AS 2.163276 AIR 1.00000000 97.015
3 444 494588 54 518871 8102 1.56078570 104.913
4 -189.396028 147 375887 AlIR 1.00000000 105.241
5 -167.542007 AS 15.119789 CAF2 1.50185255 53.592
6 -1783.871595 14.984449 AlR 1.00000000 64.000
7 -212.048924 -14.984449 REFL 1.00000000 67.817
8 -1783.871595 -16.119789 CAF2 1.50185255 67.824
9 -167.542007 AS | -132.376727 AlR 1.00000000 67.499
10 -4144.296360 AS 177.480135 REFL 1.00000000 91.762
11 -1081.722900 58.982873 S102 1.56078570 150.472
12 -230.182654 0.997725 AlR 1.00000000 154.440
13 -2745.872210 AS 40.203338 8102 1.56078570 162.415
14 -365.406997 1.171374 AlIR 1.00000000 164.562
15 660.444007 26.539178 S102 1.56078570 165.998
16 929.458283 1.345853 AIR 1.00000000 164.441
17 187.977075 53.302785 5102 1.56078570 162.916
18 326.403722 AS 109.897010 AIR 1.00000000 153.978
19 381.962587 AS 15.209469 SI02 1.56078570 133.444
20 218.959915 84.152560 AlR 1.00000000 125.121
21 157.386222 65.954537 S102 1.56078570 105.406
22 130.586858 55.186424 AIR 1.00000000 81.465
23 -219.213704 AS 12.992852 S102 1.56078570 80.092
24 193.521199 51.103600 AlR 1.00000000 86.111
25 -202.267409 64.379291 Sl02 1.56078570 91.522
26 -182.797467 1.012504 AR 1.00000000 116.600
27 759.119564 AS 13.528303 SI02 1.56078570 139.976
28 434.694511 16.255534 AR 1.00000000 146.202
29 803.267199 66.374930 8102 1.56078570 149.833
30 -3565.087707 3.182081 AIR 1.00000000 154.931
31 1534.992497 41.086853 SI102 1.56078570 164.988
32 -659.025403 33.311165 AlR 1.00000000 166.004
33 469.085216 47.735231 §102 1.56078570 166.006
34 -2061.549181 -5.348879 AlR 1.00000000 164.561
35 0.000000 0.000000 AIR 1.00000000 164.239
36 0.000000 25.851690 AlIR 1.00000000 164.239
37 -553.529412 12.998477 SI02 1,56078570 164.123
38 -1487.266396 1.066380 AIR 1.00000000 165.162
39 400.870385 62.857908 SI02 1.56078570Q 164.885
40 -775.884967 0.994629 AIR 1.00000000 163.261
41 196.348406 50.149979 §102 1.56078570 133.827
42 872.082483 AS 0.999034 AIR 1.00000000 128.044
43 126.532527 31.734400 S102 1.56078570 98.487
44 171.258915 AS 0.998171 AIR 1.00000000 88.881
45 116.691632 29.088808 CAF2 1.850185255 80.089
46 168.659021 AS 0.898989 AlR 1.00000000 66.353
47 97.521146 50.907207 8102 1.56078570 58.235
48 0.000000 1.996512 WATER 1.43667693 20.051
49 0.000000 0.000000 AR 0.00000000 17.001
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Table 11A
Aspheric Constants
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C

SRF 2 5 9 10 13

K 0 ¢ 0 o 0

c1 -2.760578e-09 1.603489e-08 1.603489e-08 -1.24715%e-09 3.764876e-10
cz -2.853441e-13 5.878412e-13 5.878412e-13 -3.674242e-16 -3.990105e-13
c3 -1.854842e-17 9.905237e-18 9.905237e-18 -5.946353e-18 3.462113e-18
C4 1.455974e-20 1.668823e-21 1.668823e-21 9.954063e-23 6.557756e-23
C5 3.187482e-26 -2.878194e-25 -2.878194e-25 -6.271000e-27 -3.238969e-27
Cs 5.065923e-29 3.229224e-29 3.229224e-29 -3.822302e-31 2.732583e-32
SRF 18 19 23 27 42

K Q 0 0 0 o

c1 2.738495e-08 2.436036e-08 -1.401150e-07 -1.009245e-08 1.349777e-08
c2 -3.575547e-13 -2.434773e-13 -2.511241e-12 1.381857e-13 -1.797461e-13
Cc3 -3.439165e-19 3.420924e-18 2.114608e-17 -2.368525¢e-18 -1.521933e-18
C4 B.255803e-22 2.235015e-21 -4.813119e-21 1.099057e-22 4.601108e-22
C5 -2.770099e-26 -8.956199e-26 -4.497879e-25 -2.558985e-27 -1.539741e-26
cs 4.268336e-31 1.676039e-30 -2.691902¢-29 6.765261e-32 3.225484e-31
SRF 44 46

K 0 0

c1 -3.924402¢-09 8.340227e-08

c2 8.630468e-14 4.003614e-12

c3 1.183178e-16 -6.361779e-16

C4 8.227416e-21 3.75416%e-22

C§ -2.859787e-25 -6.830124e-24

cs 2.158513e-29 8.494830e-28
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Table 12
SR Radius Thickness | Material Index 193.368 nm Semidiam.
1 -117.609115 AS 42.504552 SI02 1.56078570 82,223
2 -177.038824 1.228703 AIR 1.00000000 100.960
3 213.364626 67.089304 SI02 1.568078570 127.440
4 -547.445058 1.056991 AIR 1.00000000 126.644
5 16244.721H4 12.699757 SI02 1.56078570 122.158
6 649.320131 6.383295 AlIR 1.00000000 118.074
7 716.539542 21.519661 SI02 1.56078570 117.192
8 -891.121831 AS | 211.074110 AlR 1.00000000 115.493
9 -161.155386 13.128287 SI02 1.56078570 81.535
10 -611.506316 15.535604 AlR 1.00000000 87.205
11 -236.127827 AS | -15.535604 REFL 1.00000000 88.921
12 -611.506316 -13.128287 SI02 1.56078570 87.062
13 -161.155386 -191.071578 AIR 1.00000000 78.080
14 -765.604468 AS 489.939909 REFL 1.00000000 97.935
15 -414,218644 -164.485522 REFL 1.00000000 273711
16 -461.591091 113.184572 REFL 1.00000000 137.118
17 292.697085 AS 13.007609 SIc2 1.56078570 94.156
18 107.732392 69.107843 AlIR 1.00000000 82.830
19 -151.983662 23.402024 SIo2 1.568078570 83.7268
20 -488.789850 1.717184 AlR 1.00000000 96.444
21 -28913.044218 13.515647 SI02 1.56078570 100.924
22 191.918927 AS 31.978477 AlIR 1.00000000 111.581
23 -1067.055170 AS 43.571548 SIo2 1.56078570 119.978
24 -309.523406 AS 7.386175 AlR 1.00000000 124.389
25 262.769369 57.656563 Sio2 1.56078570 153.654
26 -45785.112793 AS 26.346702 AlIR 1.00000000 152.049
27 327.865485 AS 53.200757 SI02 1.66078570 153.196
28 -490.867497 15.569016 AR 1.00000000 154.873
29 -378.382439 13.404211 (o] 1.56078570 154.857
30 -940.264877 12.530928 AIR 1.00000000 159,986
3 -735.332053 32.210701 SI02 1.66078570 161.214
3z -353.930461 23.507896 AlR 1.00000000 163.018
33 0.000000 0.000000 AIR 1.00000000 162.367
34 0.000000 -22.444608 AlR 1.00000000 162.367
a5 485.791214 25.478789 SI02 1.56078570 163.005
36 1099.109773 1.092964 AlR 1.00000000 162.533
37 327.887763 59.191484 S102 1.56078570 162.857
38 -6035.878726 AS 0.997881 AlR 1.00000000 160.933
39 155.585955 60.857823 5102 1.56078570 128.682
40 502.556704 AS 0.994698 AIR 1.00000000 121.517
41 100.683802 45378701 §102 1.56078570 §7.346
42 259.320956 AS 0.989546 AlR 1.00000000 75.251
43 84.190909 47.361435 S102 1.56078570 57.516
44 0.000000 1.000000 WATER 1.43667693 20.150
45 0.000000 0.000000 AIR 0.00000000 18.001
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SRF 1 8 1 14 17
K 0 0 0 0 0
C1 5.521334e-08 2.807890e-08 -2.987383e-09 -3.1245994e-09 -2.024087e-08
c2 1.713047e-12 -1.13533%9e-13 -9.372427¢-14 2.096585e-13 1.211841e-12
Cc3 4.736329¢-16 4.898650e-17 -2.112133e-18 -6.739512e-18 1.994882e-16
C4 -4.747266e-20 -1.991503e-21 1.990133e-23 2.945523e-22 -3.964237e-20
Cch5 5.703360e-24 4.395448e-26 -7.724934e-27 -9.829910e-27 3.071838e-24
(o] -1.904358e-28 1.060646e-30 3.307276e-32 1.518811e-31 -9.358990e-29
SRF 22 23 24 26 27
K 0 0 g 0 0
C1 -2.344946e-08 6.574907e-08 -1.112658e-08 3.645338e-08 -3.564504e-08
cz -1.215056e-12 3.605980e-13 6.168355e-13 -5.510982e-13 1.362785e-18
C3 -1.130529¢e-16 -1.083503e-16 -2.523969e-17 7.960300e-18 -1.354328e-17
c4 1.330684e-20 3.744156e-23 -1.208201e-22 -2.644142¢-22 3.985355e-23
c5 -5.272948e-25 2.126697e-25 -7.939671e-27 5.011928e-27 -1.162577e-27
c6 6.293611e-30 -4.908894e-30 -1.349927e-30 -6.300745e-32 -1.519852e-31
SRF 38 40 42
K 0 0 0
C1 7.566945¢-09 -2.903055e-12 9.147070e-08
cz2 -8.163086e-13 1.907885e-12 9.024229e-12
C3 8.893793e-18 -2.330647e-16 -6.24986%e-16
C4 2.692862¢-22 1.789661e-20 3.018462e-20
C5 -7.162666¢-27 6.737730e-25 2.430882e-24
C6 4.921956e-32 1.119864e-29 -6.583230e-28
Table 13
Tab./Fig | Dpge | Y NA | N. [Ngp COMP1| COMP2| COMP3
3 332 17 12 | 21 | 2 13.56 | 284.80 | 142.40
4 331.2 | 17 12 | 22 | 2 13.53 | 29765 | 148.82
5 332 17 12 21 | 2 13.56 | 284.80 | 142.40
6 332 17 12 1 21 | 2 13.56 | 284.80 | 142.40
7 305 18 1.3 18 | 2 10.03 18047 | 90.24
8 310 18 13| 18 | 2 10.19 183.43 | 91.72
9 313 18 13| 18 | 2 10.29 18521 | 92.60
10 317 18 13| 19 | 2 10.42 197.99 | 99.00
11 332 17 12 | 21 | 2 1356 | 284.80 | 142.40
12 326 18 131 18 | 2 10.72 192,90 | 96.45




97) JP 2006-309220 A 2006.11.9

3 Brief Description of the Drawings

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

shows a schematic drawing of a projection exposure system for
microlithography having an illumination system designed for
creating an arc shaped illumination field and a catadioptric pro-
jection objective;

shows schematic drawings representing various configurations
for using high-index material at the image-side end of a projec-
tion objective,

shows a meridional lens section of a first embodiment of a

catadioptric in-line projection objective;

shows a meridional lens section of a second embodiment of a
catadioptric in-line projection objective;

shows a meridional lens section of a third embodiment of a
catadioptric in-line projection objective;
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Fig. 6

Fig. 7

Fig.

Fig. 9

Fig.

Fig.

Fig.
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shows a meridional lens section of a fourth embodiment of a
catadioptric in-line projection objective;

shows a meridional lens section of a fifth embodiment of a
catadioptric in-line projection objective;

shows a meridional lens section of a sixth embodiment of a
catadioptric in-line projection objective;

shows a meridional lens section of a seventh embodiment of a

catadioptric in-line projection objective;

shows a meridional lens section of an eighth embodiment of a
catadioptric in-line projection objective;

shows a meridional lens section of a variant of the fourth em-

bodiment of a catadioptric in-line projection objective:;

shows a meridional lens section of a variant of the fifth em-

bodiment of a catadioptric in-line projection objective.

11.

9
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1. A projection objective for imaging a pattern arranged in an object
surface of the projection objective onto an image surface of the projec-
tion objective using ultraviolet radiation comprising:

a plurality of optical elements including transparent optical elements
transparent for radiation at an operating wavelength A, where 260 nm >
A>150 nm;

an image-side pupil surface being the pupil surface closest to the image
surface;

an aperture-defining lens group arranged between the image-side pupil
surface and the image surface for converging radiation coming from the
image-side pupil surface towards the image surface to define an image-
side numerical aperture NA, where 0,7 < NA <1 4.

wherein the aperture-defining lens group includes at least one high-
index lens made from a transparent high-index material having a refrac-
tive index nyj, where np > ngi02, and where ngoz is the refractive index of

silicon dioxide (SiO2) at the operating wavelength.

2. Projection objective according to claim 1, wherein the high-index

material has a refractive index ny; > 1.6 at the operating wavelength.

3. Projection objective according to claims 1 or 2, wherein the high-
index material is solid material chosen from the group including alumi-
num oxide (Al203), magnesium aluminum oxide (MgAlQ4, spinell), lan-
thanum fluoride (LaF3), and mixtures of calcium strontium oxide or mag-
nesium strontium oxide.

4, Projection objective according to anyone of claims 1 to 3, wherein
at least one liquid high-index material is used having a refractive index

NH > 1.6.
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L 5. Projection objective according to claim 4, wherein the liquid mate-
rial is chosen from the group including cyclic hydrocarbons such as
Cyclohexane, and water doped by at least one dopant increasing the
refractive index of water.

6. Projection objective according to anyone of claims 1 to 5, wherein
a high-index liquid transparent to radiation at the operating wavelength
forms a liquid high-index lens having positive or negative refractive
power and confined between an object-side bordering element and an
image-side bordering element.

7. Projection objective according to claim 6, wherein the object-side
bordering element is a last solid optical element of the projection objec-
tive and the image-side bordering element is the substrate to be ex-
posed.

bordering element and the image-side bordering element are formed by
transparent optical elements of the projection objectives such that the
projection objective includes at least one liquid lens formed at a position

spaced apart from the image surface of the projection objective.

9. Projection objective according to claim 8, wherein at least one of
the bordering elements adjacent to the liquid lens has a refractive index
which is close to the refractive index of the high-index liquid forming the
liquid lens, where the condition An < 0,04 applies for the refractive index
difference An between the refractive indexes of the bordering element

and the liquid lens.

[
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[ 8. Projection objective according to claim 6, wherein the object-side
[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

r 10.  Projection objective according to claim 6, wherein the object-side
' bordering element adjacent to a high-index liquid lens is a lens having
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11. Projection objective according to anyone of claims 1 to 10,
wherein at least one high-index lens is arranged optically close to the
image surface where a marginal ray height is less than 50% of the mar-
ginal ray height at the image-side pupil surface.

12. Projection objective according to anyone of claims 1 to 11,
wherein at least the material in contact with the substrate or positioned
closest to the substrate to be exposed is a liquid or solid high-index ma-
terial lens.

13. Projection objective according to anyone of claims 1 to 12,
wherein the aperture-defining lens group includes exactly three aspheric
lens surfaces.

14. Projection objective according to anyone of claims 1 to 13,
wherein the aperture-defining lens group includes exactly three lenses
having an aspherical lens surface.

15. Projection objective according to claim 13, wherein the aspheric
lens surfaces are formed on concave lens surfaces.

16. Projection objective according to claim 15, wherein the concave
lens surfaces are positioned on the image-side of an aspheric lens.

17. Projection objective according to anyone of claims 1 to 16,
wherein the projection objective includes a number Nasp of aspheric lens
surfaces and a number NaspL of lenses having at least one aspheric lens
surface, wherein the condition AR > 1 holds for the asphere ratio AR =

Nasp/NaspL.
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[18. Projection objective according to anyone of claims 1 to 17,
Ewherein at least one double asphere having two aspherical surfaces di-
crectly following each other along an optical path is present within the
Eprojection objective.

[

"19. Projection objective according to claim 18, wherein the double
[
.asphere is formed by facing aspherical surfaces of two separate,

[neighboring optical elements in a lens/lens or lens/mirror configuration.
[

[
(20. Projection objective according to claim 18, wherein the double

Easphere is formed by a double aspherical lens (biasphere) having two
r lens surfaces designed as aspherical surfaces.

[

E21. Projection objective according to anyone of claims 1 to 20,
[wherein the projection objective includes at least one a triple asphere
Ehaving three immediately consecutive aspherical surfaces.

[

E22. Projection objective according to anyone of claims 1 to 21,
r wherein the aperture-defining lens group is designed to define an image-
" side numerical aperture NA, where 1,2 < NA < 1,4 in conjunction with an

[
rimmersion medium.

[
E23. Projection objective according to anyone of claims 1 to 22,
[wherein the projection objective is a catadioptric projection objective
E comprising:

ra first objective part for imaging the pattern on the object surface onto a
Efirst intermediate image; and

ra second objective part for imaging an intermediate image onto the im-
Lage surface,

Eat least one of the objective parts including at least one concave mirror
fand all optical elements (refractive and reflective) sharing a common
Estraight optical axis (in-line system).

O



(103) JP 2006-309220 A 2006.11.9

24. Projection objective according to claim 23, wherein the second ob-
jective part is designed for imaging the first intermediate image onto the
image surface such that the projection objective inludes exactly one in-
termediate image.

25. Projection objective according to claim 24, wherein the second ob-
jective part is a refractive objective part.

26. Projection objective according to claim 24, wherein the second ob-
jective part is a catadioptric objective part includig at least one concave
mirror.

27. Projection objective according to anyone of claims 23 to 26,
wherein the projection objective includes at least one concave mirror po-
sitioned optically close to a pupil surface or at a pupil surface, where
negative refractive power is arranged close to that concave mirror such
that radiation directed at the concave mirror and radiation reflected from

the concave mirror is influenced by negative refractive power.

28. Projection objective according to anyone of claims 1 to 27,
wherein the projection objective includes at least one negative lens ar-
ranged near or at the image-side pupil surface and having a lens diame-
ter Dy according to: 0,8 < Dy £ Dw, where Dy is the maximum diame-
ter of lenses between a constriction region of smallest beam diameter in

the second objective part and the image surface.

29. Projection objective according to claim 28, wherein the negative

lens is a negative meniscus lens having a concave surface facing the

L T e T s T e T e T e T e T e T e R T T e T e T e O e Y e T e T e T e T e, O e T e T e T e T e O e T e T e T e R T T T e T e T e T e T e T e R e B e I s |
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30. Projection objective according to anyone of claims 1 to 29,
wherein a distance Dps.s between the image-side pupil surface and the
image surface falls within a range Dps,s < 0,18 * TT, where TT is the
axial distance between the object surface and the image surface (total
track length).

31. Projection objective according to claim 23, wherein the projection
objective has a maximum lens diameter Dmax and a maximum image
field height Y’, wherein

COMP1 = Dax/ (Y’ - NA?) and wherein COMP1 < 15

32. Projection objective according to claim 31, wherein the projection
objective has exactly two concave mirrors and wherein COMP1 < 14

33. Projection objective according to claim 31, wherein the projection
objective has exactly four concave mirrors and wherein COMP1 < 12

34. A catadioptric projection objective for imaging a pattern arranged
in an object surface of the projection objective onto an image surface of
the projection objective using ultraviolet radiation comprising:

a first objective part for imaging the pattern on the object surface onto a
first intermediate image; and

a second objective part for imaging an intermediate image onto the im-
age surface and having an image-side pupil surface being the pupil sur-
face closest to the image surface,

at least one of the objective parts including at least one concave mirror
and all optical elements (refractive and reflective) sharing a common
straight optical axis (in-line system);

wherein the second objective part includes an aperture-defining lens
group arranged between the image-side pupil surface and the image

surface for converging radiation coming from the image-side pupil sur-
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[ face towards the image surface to define an image-side numerical aper-
[
 ture NA, where 1,2 < NA < 1,4 in conjunction with an immersion medium,

[ the aperture-defining lens group including three aspheric lens surfaces.
[

[
1 35. Projection objective according to claim 34, wherein the aperture-

E defining lens group includes exactly three aspheric lens surfaces.

[

[36. Projection objective according to claims 34 or 35, wherein the as-
[

. pheric lens surfaces are formed on concave lens surfaces.

[
[
[
[ lens surfaces are positioned on the image-side of an aspheric lens.
[

[
: 38. Projection objective according to anyone of claims 34 to 37,

37. Projection objective according to claim 36, wherein the concave

" wherein a distance Dpg.s between the image-side pupil surface and the
[

. image surface falls within a range Dps.s < 0,18 * TT, where TT is the ax-
"ial distance between the object surface and the image surface (total
[

. tfrack length).

L

E39. Projection objective according to anyone of claims 34 to 38,

[ wherein the projection objective has a maximum lens diameter Dpmaxand
E a maximum image field height Y', wherein

t COMP1 = Dpax/ (Y’ - NA?%) and wherein COMP1 < 15

[

[

- 40.  Projection objective according to claim 39, wherein the projection

[ objective has exactly two concave mirrors and wherein COMP1 < 14
[

[
( 41.  Projection objective according to claim 39, wherein the projection

E objective has exactly four concave mirrors and wherein COMP1 < 12
[
' 42.  Projection objective according to anyone of claims 34 to 41,

[
. Wherein the first objective part is a catadioptric objective part including at
0
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' least one concave mirror and the second objective part is designed for
[
. imaging the first intermediate image onto the image surface such that

[ the projection objective inludes exactly one intermediate image.
[

[
[ 43. Projection objective according to claim 42, wherein the second ob-

E jective part is a refractive objective part.

[

"44. Projection objective according to claim 42, wherein the second ob-
Ejective part is a catadioptric objective part includig at least one concave

[ mirror.
[

[
[ 45. Projection objective according to anyone of claims 34 to 44,

E wherein the projection objective includes a number Nagp of aspheric lens
. surfaces and a number NaspL of lenses having at least one aspheric lens
E surface, wherein the condition AR > 1 holds for the asphere ratio AR =
r Nasp/NaspL.

[

E 46. Projection objective according to anyone of claims 34 to 45,
[ wherein at least one double asphere having two aspherical surfaces di-

Erectly following each other along an optical path is present within the

[ projection objective.

[

[

r 47. Projection objective according to claim 46, wherein the double

[ asphere is formed by facing aspherical surfaces of two separate,
[

. Neighboring optical elements in a lens/lens or lens/mirror configuration.

[

E48. Projection objective according to claim 46, wherein the double

[ asphere is formed by a double aspherical lens (biasphere) having two
E lens surfaces designed as aspherical surfaces.
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49. Projection objective according to anyone of claims 34 to 48,
wherein the projection objective includes at least one a triple asphere

having three immediately consecutive aspherical surfaces.

50. A catadioptric projection objective for imaging a pattern arranged
in an object surface of the projection objective onto an image surface of
the projection objective using ultraviolet radiation comprising:

a first objective part for imaging the pattern on the object surface onto a
first intermediate image; and

a second objective part for imaging an intermediate image onto the im-
age surface and having an image-side pupil surface being the pupil sur-
face closest to the image surface,

at least one of the objective parts including at least one concave mirror
and all optical elements (refractive and reflective) sharing a common
straight optical axis (in-line system);

wherein the second objective part includes an aperture-defining lens
group arranged between the image-side pupil surface and the image
surface for converging radiation coming from the image-side pupil sur-
face towards the image surface to define an image-side numerical aper-
ture NA, the projection objective having a maximum lens diameter Dmax
and a maximum image field height Y', wherein

COMP1 = Dpax/ (Y’ - NA%) and wherein COMP1 < 15

51.  Projection objective according to claim 50, wherein the projection
objective is designed to generate exactly one intermediate image.

52.  Projection objective according to claim 51, wherein the projection
objective has exactly two concave mirrors and wherein COMP1 < 14

53.  Projection objective according to claim 51, wherein the projection
objective has exactly four concave mirrors and wherein COMP1 < 12
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54. Projection objective according to anyone of claims 50 to 53,
wherein 1,2 < NA < 1,4 in conjunction with an immersion medium, and

wherein the aperture-defining lens group includes three aspheric lens
surfaces.

55. Projection objective according to claim 54, wherein the aperture-
defining lens group includes exactly three aspheric lens surfaces.

56. Projection objective according to claim 54, wherein the aspheric
lens surfaces are formed on concave lens surfaces.

57. Projection objective according to claim 56, wherein the concave
lens surfaces are positioned on the image-side of an aspheric lens.

58. Projection objective according to anyone of claims 50 to 57,
wherein a distance Dps.is between the image-side pupil surface and the
image surface falls within a range Dps.s < 0,18 * TT, where TT is the
axial distance between the object surface and the image surface (total
track length).
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1. Abstract

A projection objective for imaging a pattern arranged in an opject surface
of the projection objective onto an image surface of the projection objec-
tive using ultraviolet radiation has a plurality of optical elements including
transparent optical elements transparent for radiation at an operating
wavelength A, where 260 nm > A > 150 nm, an image-side pupil surface
arranged between the object surface an the image surface closest to the
image surface, and an aperture-defining lens group arranged between
the image-side pupil surface and the image surface for converging radia-
tion coming from the image-side pupil surface towards the image surface
to define an image-side numerical aperture NA, where 0,7 < NA < 1,4,
The aperture-defining lens group includes at least one high-index lens
made from a transparent high-index material having a refractive index
nui, where ny > ngioz and where ngioz is the refractive index of silicon

dioxide (SiOy) at the operating wavelength.

2. Representative Drawings

Fig.1
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Fig.6
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Fig. 10
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