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g1=[do],

g:=[dy, 2¢c,, —di],
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a1=[do. a1,
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by=1,

bs=[ds, cs], ()]
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18] 1. (a) Typical configuration of a five spherical mi-
rror system with a stop at the vertex of the
fourth mirror surface. (b) In case of ¢<0, the
relation between k, and 4,. (Ray-A, Ray-B: the
rays from the axial object point through the
full margin of the entrance pupil and through
the 0.7 margin of the entrance pupil, respecti-
vely).
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do,dy ,Cp: a sef of given values
¢ = =1 : normalization

dy,c3,d3,c4: appro; nofely given values
undetermined values)

{ Calculating: dy,c5 by Eqs. (10) & (11]]

!Culculqﬁng: function1=((Sl)z+(Sn)z+(SuDZ+(Sn)Z+(Sv)Z )1/2 ]

in order that functiont < 10

l

{ Calculating: du,c by Egs. (10) & (11) ]

_’{dz,cbd; ,C4: defermining by opfimizafion megmd ]

By using all design parameters(di-y ,ci, i=1,2,3,4,5)
calculating:

function1=((St )z+(3")2+ Snbz+(5w)z+ Sv)z /2

223l 2. Flow chart for solving the simultaneous equa-
tions of five spherical mirror systems.
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28 3. Lateral views of the 3-dimentional solution domain for the five spherical mirror systems which are free
from all third order aberrations ((a): di~; domain, (b): dp-d, domain, (c): do<» domain).
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0.0 O.“ c.lz O.IJ O."- O.I5 D‘.ﬂ D.‘7 o.8s O..ﬂ 1.0
Spatial frequency ( x 2NA/) )
13 4. Theoretical MTF according to various central

obscurations (vig=0.0, 0.1, 0.2, 0.3, 04, 0.5, 0.6
and 0.7) at the coherence factor o=1.0.
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28] 5. (), (b), () and (d) are the residual finite ray aberrations of the five spherical mirror system A in Fig. 3
with the focal length of —100 mm and the full object field size of 26 mm for ArF excimer laser beam
(TSA: transverse spherical aberration, OSC: offence against sine condition, At: tangential ray aberration,
As: sagittal ray aberration, and astigmatism: At-As).

shapell thsi 4] 0.26 yme| Airy diskell shedgbech AlA Zt
(field angle)-&- 3° AEld ol& 2 A2 — 100 mme
o] & object field diameter”} 26.2 mm A xef &l ggich
o] A|A®e] ejFateke full fieldol A 2F 0.3nmA =
ol 2y 7(0)]. AErtell el BFHol W} FHAlL
u}&k cosine-& 2.1X 107 (2% 7(e)]dl FE3] telecen-
tricstct & & ok 2 70w A Azl ofe}
FaAl g Fapehe FAE Al Fukm|(A] A zte]
0.00¢] 7$2o B 100%2 & u)F A AHld
full fieldel 4 °F 76.4% R Eeo|ct 23 88 1FA| Al ZH(half
field angle) 0.0°, 1.0° 15°¢1 -] wdlo] H A A
oA HEZ 020 ym 7HA 08 AL o] EAIAE A5G
he] defocused image position)] spot diagram-s X
ojFa ek o) e ofF-Eo rayEe] 08ume =Y
Ao efaled 0.26 ume) Airy disk2] Uto g Eojrhar
ale-g ®ojFa itk o) el A& ArF A
o) 2] THAHA=0.193 ym)ol thgh Airy disk(2H7: 026
im)S viebdich 18 98 o] Alarlel A AbHA A
nearly incoherent illumination(c=1.0) =3 MTF&
vehfz gleh o714 el 2PAE 0.8 um, 50%
MTF criterion o] tjs) 4] 2F 650 cycles/mme] 315
< Mg o F otk 53 H4 A daiAe 3
AgAY Ass e o 5 ol Hole Fdle
ok 930 cycles/mm%-& ¢ F lrh

18] 6. Configuration of the aspherized five mirror sy-
stem (¢4, ¢; are aspherical) of which NA is 0.45,
the system-length is 200 cm and the radius
of the largest mirror is 46.55 cm. The stop of
the system lies on the first focal plane. (F,
F: 1st and 2nd focal plane, H, H: 1st and
2nd principal plane).

vd B

B RodME BE 33 FRE o2 sk 24
& +1/5% zt 57H ukAbgstAle o &
gtodch. o) 59 dydi-c; FHE Tl A o) 3 F 2}
central obscuration % oi2{7}x] EA5& st 3}
vhe] sl E Aded oo, 3 el g 3
Azl 7ol 2% w2 T oukabg o). wldstel
2o A lxPHo g o]Fog ARETIA FE-3

telecentricity & &3t H 49 AF-FAE 71AH B

3 1. Initial spherical mirror design data before aspherization of the five spherical mirror system corresponding
to the point A in Fig. 3, which is free from all third order aberrations with a stop at the vertex of fourth

mirror surface (f=—10 cm).
Object Ci C, Cs G, Gs
Curvature(cm ') —0.0193464 —0.0164445 0.0167380 0.0090408 —0.0047953
Distance(cm) 113.716142 - 20.158771 78.648466 —76.431689  104.254390
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¥ 2. Design data of the ashperized five mirror system for ArF excimer laser line (f=—10 cm).

Object StOp Cl C2 C3 C4 C5
Curvature(cm™!) —0.0193464 —0.0164445 0.0167380  0.0090426 —0.0047953
Distance(cm) 49999998  63.716133 —20.158769  78.648459 —76.431682 104.254380
Aspherical coefficients
a (em™) a {(cm™) ag (cm™) ap (cm™®)

9.416019X 10~
—1.552337X10°*

Fourth surface
Fifth surface

—7.325971x 10"
—1.851210X 107

—9.426896 X107
4.204004X.1071

—3.278487x107%
—5.549186 X 107

NA NA Half fleld angle

S .
0.0 7.6x10"*

0.0 2.0x107! 0.0 6.6x107°

(a) TSA(um) (b) OSC (c) Distortion(%)

Half fleld angle

1.5° 100.0 (%)
1.3° -
at-Os ®
o :o' 76.4(%)
at 5
9
E
<
“ N a2
0.0 3.2x107? 0.0 2.1x10"* 0.0 1.5°
Half field angle
(d) Astigmatism(um) (e) Direction cosine N

of principal ray

28 7. (@), (b), (©) and (d) are the residual finite ray
aberrations of the aspherized five mirror sys-
tem with the focal length of —100 mm, the
object-field-size of 26mm and NA of 0.45 for
ArF excimer laser beam, (e) is the direction
cosine of principal ray in the image space, and
(f) is the relative amount of light passing th-
rough the system. (TSA: transverse spherical
aberration, OSC: offence against sine condi-
tion, At: tangential ray aberration, As: sagittal
ray aberration, and astigmatism: At-As).

o} & NAS 7t subabagsiAl g 48 5 9l —100
mme] 2H A9 ArF A o)A A 0.193 umel]
hale] & #E A<l s}eAl = central obscuratione]

% 3. Diameters of clear apertures and holes of the
mirrors for the system given by Table 2 (unit:
cm).

Stop Cy C, Cs Cy G

9.04 2357 828 19.52 9310 21.44
0.00 828 000 0.00 2357 0.00

Clear aperture
Hole diameter

Def%czuSing Half field angle
0.0° 1.0° L8
— 0.40um @ @ @
— 0.20um @
0.00urn @ @
4+ 0.20pxm
+ 0.40pm
_j.ze pm

1% 8. Spot diagrams of the aspherized five mirror
system for three half field angles at five defo-
cused image positions. The depicted circle is
the Airy disk (radius R=0.26 ym) for ArF ex-
cimer laser beam.

oF 25%, NA7} 045, =84 %7} 0.8 ume] ™, image-field-
diameter7} 5.2 mme] 3, nearly incoherent illumination
(6=1.0)7} 50% MTF 7|EXoll M #3l5] 2F 650 cyc-
les/mm FEQl 45§ 2= Aadde] Hoh



650 cycles/mm

Theorstlcal WTF (25% . W =0)
100 K 2, 1.5 0.0 mm(
o0 Tl e e
sol 1.5¢ field

NTF(%)

M o=10 =
20~ NA = 0.45 Qe e
10 = Wavelength = 0.133 um

o ! !
o 1000 2000

3000

Spatial frequency (cycles/mm)

MTF(%) ot 650 cycles/mm

100

SO

so|

zol. .

g
= I

“of

30

20t

10~
| S BN
-0.5 0.0 05

Defocus( um)

2% 9. MTF through frequency (cycles/mm) and th-
rough focus of the aspherized five mirror sys-
tem for three half field angles at the Gaussian
image position in case of the coherence factor
o=10. (W: residual aberration).
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Five Mirror System with Minimal Central Obscuration and All Zero
3rd Order Aberrations Suitable for DUV Optical Lithography

Dong Hee Lee and Sang Soo Lee
Department of Physics, Korea Advanced Institute of Science and Technology,
Taejon 305-701, Korea
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A five mirror system with a reduction magnification(M = +1/5) is designed for DUV optical lithogra-
phy. First, for spherical mirror systems, the numerical solutions of all zero 3rd order aberrations
are derived and the 3-dimensional shape of the solution-domain is obtained. In these solutions, we
select solutions which have as less residual aberrations and smaller central obscurration as possible
and the aspherization is carried out to the last two spherical mirrors to obtain a system that has
as higher NA as possible. Finally we obtain the system of which NA is 0.45, the central obscuration
is about 25% and the resolution is about 650 cycles/mm at the 50% MTF value criterion and the
depth of focus of 0.8 ym for the nearly incoherent illumination (6= 1.0) and the wavelength of 0.193
um (ArF excimer laser line).



