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D, 10 ym Wavelength | 1-N K Xe intensity
D I zm 9.50 nm 0.04312 | 0.00427 0.02974
2 9.75 nm 0.04619 | 0.00434 0.03346
z, 387.874 pm 10.00nn | 0.04941 | 0.00448 | 0.03346
- 387.774 zm 10.25 nm 0.05276 | 0.00467 0.04275
2 10.50 nm 0.05626 | 0.00496 0.07063
z, 2.774 ym 10.75 nm 0.05990 | 0.00529 0.17100
2,410 zm 11.00 nm 0.06370 | 0.00568 0.15613
2y ] 11.25 nm 0.06776 | 0.00616 0.12082
z, 2.310 yum 11.50 nm 0.07197 | 0.00685 0.09665
11.75 nm 0.07633 | 0.00764 0.07807
Z6 0 12.00 nm 0.08081 | 0.00869 0.06320
Z -2.261 ym 12.25 nm 0.08532 | 0.00982 0.05576
! 12.50 nm 0.08997 | 0.01097 0.04833
FIG. 2 FIG. 4
9.5 100 105 11.0 11.5 12.0 12.5nm
FIG. 5
Assumption Focus spot FWHM
Monochromatic, point source 40.01 nm
Xe spectrum, point source 41.57 nm
Xe spectrum, 0.5 mrad source 41.72 nm
Xe spectrum, 0.5 mrad source, 21-point exposure | 49.72 nm

FIG. 8
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1400 —
lzll.Onm\
1200 —
1000 — A =10.5 nm
800 —
600 —
A=11.5nm

400 -

A=12.0 nm A=10.0 nm
200 —

A=9.5nm

A=12.5nm

0 T i T

-100 nm 0 100 nm

FIG. 3
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Depth of
focus (um) —
| | | | |
FIG. 11 0 10 20 30
Exposure latitude (%)
Axisymmetric Zernike orders:
Ry[p]=1

V3R)[p]=3(-1+2p")

VSR [p]=5(1-6p" +6p*)

VIR [p1=T (-1+2p*)(1-10p> +10p*)
Odd-symmetric Zernike orders:

2R/[p]cosd =2 pcosd

2R![p]sin€ =2 psin@

242 R pleos® = 242 p(—2+3p%)cos O

242 Rl[plsin@ = 24/2 p(-2+3p%)sin
2\/§R§[p]cost9 = 2\/5,0(3—12,02 +10p*)cos @
23 Rl[plsin€ = 243 p(3-12p% +10p*)sin &
Modeled surface distortions:

L, top: 1.5 nm RMS, all orders
L, bottom: | 1.5 nm RMS, all orders
L, top: 0.75 nm RMS, axisymmetric orders;

0.2 nm RMS, odd-symmetric orders
L, bottom: | 0.75 nm RMS, axisymmetric orders;
0.2 nm RMS, odd-symmetric orders

FIG. 12
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N row/head I'OWS<

N

2402b
FIG. 24
N puiseftine pulses Eq. 2601 G =8nm
~ A N Eq. 2602 N ietrow = 1026
| 0€—0<€—8 o <00 Eq. 2603 N owmead = 3938
Eq.2604 | AX G =2924G
€e—>0—>0 cec. —>0—>0 :23.392ﬂm
Ny lines < Y o Eq. 2605 AY a0 G =848G
T 1|me =6.784 ym
ec—0 <0 .o «—O0c—0—5 Eq. 2606 W, =N aion AX e G
\_ 6—>0—>6 ... —>0—>0 =24.000192 mm
Eq. 2607 Wy = N gwihead AYpixel G
2501 AX e G— L—>‘ =24.001792 mm
Eq. 2608 N, pulse/line — AX pixel
FIG. 25 — 2924
Eq. 2609 Nyinessean = AYpixel
= 848
Eq. 2610 AX . G =13G
=104 nm
Eq.2611 | AY, G =13G
=104 nm

FIG. 26
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Printing throughput:
Eq. 2701 | number of pulses per scan N puisersean = N puisenine * Niinessean = 2:479,552
Eq. 2702 | number of pulses per print cycle Noe =4 N puigersean = 9-918,208
Eq. 2703 | source repetition rate Ve = 10* sec™
Eq. 2704 | scanning time per print cycle Leyete sean = N putse / Veouree = 992.8€¢ =16.53min
Eq. 2705 | total cycle time loye = 20min
Eq. 2706 | print time per wafer Later = Leyete /2 = 10min
FIG. 27
EUV power requirement:
Eq. 2801 | number of pixels per printhead N isetnead = Npixetirow * Niownead = 3,629,988
Eq. 2802 | total number of pixels Nt = N pixethead 322 =232,319,232
Eq. 2803 | number printing dots Nyt = N " Npuise = 2,304,190,465,376,256
Eq. 2804 | print area Ay = Ny - G* =1475.cm’
Eq. 2805 | resist exposure threshold Oy iy =5mJ/cm’
Eq. 2806 | peak exposure level (21-dot pattern) QA;mk =20 resi = 10mJ/ cm’
Eq. 2807 | clearing exposure level O ctear =212 O e =21.2mJ/ cm’
Eq. 2808 | EUV energy delivered to 2 wafers Ot = O atear * Aprine =31.26]
Eq. 2809 | lens efficiency Ny, =0.0172
Eq. 2810 | L, aperture fill factor Ng = 7(D,/2)’ HAX o AY i G?)=0.495
Eq. 2811 | total EUV energy on printheads Oreads = Qpeint /(M 1, i) =3673.]
Eq. 2812 | collimation efficiency (from 27 sr) M. = 0.0808
Eq. 2813 | fold mirror efficiency Mg = 0.485
Eq. 2814 | misc efficiency loss Mmise = 0.8
Eq. 2815 | source energy (27 sr, 3.25-nmband) | O =0, /(1. Mg Tiee) =1.171:10° ]
Eq. 2816 | source power (27 sr, 3.25-nm band) source,325mm = Prource / Leyete sean = 118.1W
Eq. 2817 | source power (27 sr, 2-nm band) () =0.784- O =92.6 W

source, 2 nm source, 3.25nm

FIG. 28
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M1, M2 geometry definition
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Eq. 3101 v, =1, sin®,
Eq. 3102 z, =1, cos®,
Eq. 3103 _c—l -z
: I-cos®,
Eq. 3104 Y, =y +1,sin®,
Eq. 3105 z, =z, +1, cos®,
Eq. 3106 7,=(0,-0,)/2
Eq. 3107 7, =0,/2
Eq. 3108 @, iz
—-y)——+(z,—z -1 2 =0
(¥, yl)d®1 (z, -z 2)d®1
Eq. 3109 dy, sin®; I,
d®1 y2 Eprint
Derivation of Eq’s. 3103, 3108
Eq. 3201
Dziy vz -z Adyy. dzy )t =0
\/ 2,2 \/ 2 32 o
YTtz (v2=y1)" +(22 —21)
Eq. 3202
honnzal oy, 1}}-{dy2,dzz}=o
\/(yz ) +(z,—z)
Eq. 3203 f
d d( y12+212 +\/(J’2_y1)2+(zz_21)2_szzo
Eq. 3204 L +1,-z,=c
Eq. 3205 D =y dy, +(2, = 2)dz,

—dz, =0
I, :

FIG. 32




Derivation of Eq. 3109
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Eq. 3301 Ao, =1, dodd
Eq. 3302 do=sin®, dO, d¢
Eq. 3303 dA =y, dy, d¢
Eq 3304 dCD head — 77111irr01r dq) source
Eq. 3305 dOyi [ APy |[ AP e [ d@
dEhead = = T
4 \do_ .\ do )\ d4
= nmirror A m d/l
Y, dy,
Eq 3306 dEprint = nresist nhead dEhead
Eq. 3307 sin®, dO
EPrint = jdEprint = jnresist n head n mirror I A W dA
sin®, dO,
=17,
Y, dy,
Eq 3308 ]O[®1] = J.nresist[ﬁ’] nhead[/l] nmirror[iﬁ 7/1’ 7/2] 1/1 [ﬂ“’ ®l] dﬂ“

M1.1, M2.1 design

Eq. 3401 1,[0,1=1,1,...[11nm, 7, 7,]
Eq. 3402 (spec.) 0, ... =60°

Eq. 3403 (spec.) 0, . =50°

Eq. 3404 (spec.) LIO, ,i,]=50mm

Eq. 3405 (spec.) 7200 ] = 15°

Eq. 3406 (spec.) Y20, 1 ] =260mm

Eq. 3407 (spec.) Y20 i ]=230mm

Eq. 3408 ¢=102.166mm

Eq. 3409 I,/ E,;, =(269.531mm)’
Eq. 3410 L[O, ;i ]1=269.431mm
Eq. 3411 ©,[0, ;] =28.1695

FIG. 34




M1.2, M2.2 design
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Eq. 3501 (spec.) 0, . =47°

Eq. 3502 (spec.) LIO, i, ]=50mm

Eq. 3503 (spec.) 70, 1=7.00, ]
Eq. 3504 (spec.) I,/ E,, =(269.531mm)’
Eq. 3505 (spec.) 1[0 ] =224mm
Eq. 3506 (spec.) 1,[0, pin]=194mm
Eq. 3507 O, . =37.7916°

Eq. 3508 ¢ =63.557mm

Eq. 3509 L[O, ,;,]1=290.160mm
Eq. 3510 0,0, ,;,]1=18.8958°
FIG. 35

M1.3, M2.3 design

Eq. 3601 (spec.) O, . =34.7916°

Eq. 3602 (spec.) L[O, i, ]=70mm

Eq. 3603 (spec.) 7O, 1ul=7:00, ]
Eq. 3604 (spec.) I,/ E,;, =(269.531mm)’
Eq. 3605 (spec.) V1[0 ] =188 mm
Eq. 3606 (spec.) 1[0 i ]=158mm

Eq. 3607 O, i =25.2994°

Eq. 3608 ¢ =33.7198mm

Eq. 3609 L[O, ,;,]1=333.851 mm
Eq. 3610 0,0, ,;,1=12.6497°

FIG. 36
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A2,6

43,6

A4, 06

AS5,6

A25

A3,5

A4 5

A5,5

A65

A2,4

A3 4

A4 4

45,4

46,4

A23

A33

A43

AS53

A63

3907, 3908
Al2 Al3 Al 4 Al,5/

A22

A3 2

A4 2

A5 2

46,2

A2, 1

A3 1

A4, 1

A5 1

FIG. 40

3906, 3907
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Subgroup 2, 2 ray coordinates (mm)

S€/9C

zone: 1,2 ] 1,3 ] 2,1] 2,2 | 2,3 ] 3,1 3,2 | 3,3
P -61.440338 -77.854626 -78.086366 -94.430024 -110.773682 -107.826121 -124.653006 -141.320046
198.718607 231.245880 153.253122 185.329357 217.405592 134.005700 166.510144 198.908634
608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000

M3 -61.440338 -77.854626 -78.086366 -94.430024 -110.773682 -107.826121 -124.653006 -141.320046
198.718607 231.245880 153.253122 185.329357 217.405592 134.005700 166.510144 198.908634
1106.780763 985.387327 1276.460264 1156.750126 1037.039987 1348.292621 1226.984385 1106.071575

M4 -61.440338 -77.854626 -78.086366 -94.430024 -110.773682 -107.826121 -124.653006 -141.320046
-309.562894 -351.816793 -192.874500 -234.313986 -275.753472 -110.443189 -152.050076 -193.674170
1987.150148 1995.281501 1875.970891 1883.593716 1891.216541 1771.690517 1778.746870 1786.044937

M5 247.634502 208.041962 305.033965 265.650706 226.267448 324.976273 285.533941 246.092939
-867.390622 -867.811703 -884.341796 -884.198706 -884.055616 -891.578192 -892.368029 -892.888980
2457.517836 2430.375206 2459.025223 2431.585072 2404.144922 2430.353840 2402.992719 2375.632075

M6 263.990679 224.612453 322.862358 283.479100 244.095842 344 .571761 304.830218 265.176070
-1021.020840 -1021.587846 -1038.959636 -1038.816546 -1038.673457 -1047.335442 -1047.935903 -1048.321065
2542.843724 2515.396334 2542.246297 2514.806147 2487.365996 2511.013442 2484.088748 2457.038320

M7 204.843718 165.429740 271.653651 232.239673 192.825695 299.049606 259.635628 220.221650
-1296.524552 -1297.258088 -1277.487345 -1277.487345 -1277.487345 -1259.375460 -1258.450139 -1257.716603
2627.937199 2600.541244 2615.919176 2588.523221 2561.127266 2576.505198 2549.109243 2521.713288

H 204.843718 165.429740 271.653651 232.239673 192.825695 299.049606 259.635628 220.221650
-1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229
2627.937199 2600.541244 2615.919176 2588.523221 2561.127266 2576.505198 2549.109243 2521.713288

FIG.
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Subgroup 2, 5 ray coordinates (mm)

S€/LT

zone: 1,4 | 1,5 | 2,4 | 2,5 | 2,6 | 3,4 | 3,5 | 3,6
P -134.005700 -153.253122 -166.510144 -185.329357 -198.718607 -198.908634 -217.405592 -231.245880
-107.826121 -78.086366 -124.653006 -94.430024 -61.440338 -141.320046 -110.773682 -77.854626
608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000

M3 -134.005700 -153.253122 -166.510144 -185.329357 -198.718607 -198.908634 -217.405592 -231.245880
-107.826121 -78.086366 -124.653006 -94.430024 -61.440338 -141.320046 -110.773682 -77.854626
1524.649949 1413.659672 1587.448739 1474.655034 1351.535849 1649.650980 1535.650396 1412.794807

M4 -134.005700 -153.253122 -166.510144 -185.329357 -198.718607 -198.908634 -217.405592 -231.245880
-362.999205 -395.460458 -281.465904 -315.533154 -363.130741 -200.411892 -235.605850 -282.403260
1966.622696 1963.367724 1859.056646 1857.616889 1874.078955 1752.001060 1751.866054 1767.083434

M5 160.454095 123.245947 180.076551 142.477398 101.631627 199.581856 161.708848 121.050442
-894.449254 -894.494439 -906.996176 -907.168815 -905.212033 -919.619721 -919.843192 -918.238443
2414.748377 2384.159750 2386.512011 2356.491872 2331.169041 2358.446574 2328.823993 2303.228035

Mé 180.049584 141.074341 199.372827 160.305791 117.987803 218.664987 179.537242 137.620933
-1050.206504 -1049.112280 -1062.564050 -1061.786656 -1058.842251 -1075.051806 -1074.461032 -1072.014586
2495.407979 2467.380825 2467.608039 2439.712946 2416.494930 2439.852819 2412.045068 2388.249163

M7 126.015762 86.601784 153.411717 113.997739 74.583762 180.807672 141.393694 101.979717
-1301.893457 -1302.842841 -1276.648701 -1277.487345 -1261.016197 -1251.389368 -1252.131849 -1238.029664
2573.145289 2545.749334 2533.731311 2506.335356 2478.939401 2494.317333 2466.921378 2439.525423

H 126.015762 86.601784 153.411717 113.997739 74.583762 180.807672 141.393694 101.979717
-1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229
2573.145289 2545.749334 2533.731311 2506.335356 2478.939401 2494.317333 2466.921378 2439.525423

FIG.
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Subgroup 5, 2 ray coordinates (mm)

S€/8C

zone: 4,1 | 4,2 | 4,3 | 51| 5,2 5,3 | 6,2 | 6,3
P 231.245880 217.405592 198.908634 198.718607 185.329357 166.510144 153.253122 134.005700
77.854626 110.773682 141.320046 61.440338 94.430024 124.653006 78.086366 107.826121
608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000

M3 231.245880 217.405592 198.908634 198.718607 185.329357 166.510144 153.253122 134.005700
77.854626 110.773682 141.320046 61.440338 94.430024 124.653006 78.086366 107.826121
924.322019 801.466429 687.465846 985.580977 862.461791 749.668086 923.457153 812.466877

M4 231.245880 217.405592 198.908634 198.718607 185.329357 166.510144 153.253122 134.005700
-637.013399 -683.810809 -719.004767 -556.285919 -603.883506 -637.950755 -523.956202 -556.417454
2162.509759 2177.727139 2177.592134 2055.514238 2071.976304 2070.536547 1966.225469 1962.970498

M5 367.262643 326.597708 288.731229 386.683869 345.829158 308.238945 365.060608 327.865425
-882.500614 -880.884081 -881.119336 -895.531375 -893.558457 -893.747232 -906.232834 -906.301418
2369.507812 2343.901918 2314.289274 2341.570475 2316.234039 2286.227506 2288.566161 2257.997264

Mé 383.833133 344.426101 307.814361 403.040046 363.657552 327.535222 382.889002 347.460913
-1036.276757 -1035.501922 -1036.551421 -1049.161593 -1048.176298 -1049.315106 -1060.850675 -1062.058668

2454 .528940 2427.122992 2395.695518 2426.896364 2399.455114 2367.323534 2371.787235 2338.656867

M7 326.445561 287.031583 247.617605 353.841516 314.427538 275.013560 341.823493 302.409515
-1303.585323 -1302.842841 -1316.945026 -1278.325989 -1277.487345 -1293.958493 -1252.131849 -1271.905922
2537.091220 2509.695265 2482.299310 2497.677243 2470.281288 2442.885332 2430.867310 2403.471355

H 326.445561 287.031583 247.617605 353.841516 314.427538 275.013560 341.823493 302.409515
-1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229
2537.091220 2509.695265 2482.299310 2497.677243 2470.281288 2442.885332 2430.867310 2403.471355

FIG.
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Subgroup 5, 5 ray coordinates (mm)

S€/6C

zone: 4,4 | 4,5 | 4,6 | 5,4 | 55| 5,6 | 6,4 | 6,5
P 141.320046 124.653006 107.826121 110.773682 94.430024 78.086366 77.854626 61.440338
-198.908634 -166.510144 -134.005700 -217.405592 -185.329357 -153.253122 -231.245880 -198.718607
608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000 608.374000

M3 141.320046 124.653006 107.826121 110.773682 94.430024 78.086366 77.854626 61.440338
-198.908634 -166.510144 -134.005700 -217.405592 -185.329357 -153.253122 -231.245880 -198.718607
1231.045251 1110.132441 988.824205 1300.076839 1180.366700 1060.656562 1351.729499 1230.336063

M4 141.320046 124.653006 107.826121 110.773682 94.430024 78.086366 77.854626 61.440338
-725.742489 -767.366584 -808.973471 -643.663188 -685.102674 -726.542159 -567.599867 -609.853766
2143.548256 2150.846323 2157.902677 2038.376652 2045.999477 2053.622302 1934.311692 1942.443046

M5 242.220146 202.781555 163.343248 262.039108 222.655849 183.272591 280.271123 240.680994
-907.850077 -908.375380 -909.172480 -916.671657 -916.528567 -916.385477 -932.927354 -933.352786
2297.103773 2269.746797 2242.391801 2268.580989 2241.140839 2213.700688 2242.360642 2215.221681

Mé 261.303278 222.077832 182.938736 279.867501 240.484243 201.100985 296.841613 257.037170
-1063.282162 -1063.943254 -1064.929730 -1071.289498 -1071.146408 -1071.003318 -1086.703497 -1086.983004
2378.510018 2350.842826 2323.051404 2351.802064 2324.361913 2296.921763 2327.381770 2300.547570

M7 208.203627 168.789649 129.375672 235.599582 196.185604 156.771627 262.995537 223.581560
-1310.617791 -1312.157056 -1314.423919 -1277.487345 -1277.487345 -1277.487345 -1244.356899 -1242.817635
2454.903355 2427.507400 2400.111445 2415.489377 2388.093422 2360.697467 2376.075400 2348.679445

H 208.203627 168.789649 129.375672 235.599582 196.185604 156.771627 262.995537 223.581560
-1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229 -1420.192229
2454.903355 2427.507400 2400.111445 2415.489377 2388.093422 2360.697467 2376.075400 2348.679445
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FIG. 48

Eq. 4901 0 =0.0005 rad

Eq. 4902 s =3000 mm

Eq. 4903 w=s50=15mm
FIG. 49
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FIG. 59A 5001
Eq. 6001 y=15°
Eq. 6002 Adesign = 110m
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