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Table 1. Telescopic 4-Spherical Mirror Systems

(unit: cm)
, TSI (F=1)
TS-HH7! TS-I1191
=1 AST FC DIS
& 2 2 2 2 4.0~8.0
Half Field 1° 1° 1° 1° 1°
Angle
LSA I1X1074 6X10°% 1x10 * 5x1074
0sC 2x107* 1x10°* 2x107* 5X10°* ZOOMING
AT —2X1073 —6X10°5 2X107¢ —2X107¢ f=66.67
AS  —1X1073 -2X10°4 -2X10 4 1X1074 ~13333
Distortion 5X1072% 3X10 % 3X10 2% 4X1077%
Table 2. Camera-imaging 4-Mirror Systems for UV Li-
thography (unit: cm)
CS-11 CS-II' ¢S
Mirror Spheric  Aspheric  Spheric  Spheric
F=-100 =—-20) (=-1) F=-10)
NA. 0.15 0.25 0.2 0.15
Image field 035 1.0 0.052 0.33
Diameter
TSA 1X107" 4X10°% 5X107% 3X10°°
0SC 1X10°* 2X107% 2X10° 5X10°°
AT 2X107% —4X107% 2X107* —6X107*
AS 5X10% —2X107° 2x10°* 6x10*
Distortion 3X107%2% 2X103% 2X10 %% 4X10 %
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Fig. 1. Typical configuration and paraxial ray tracing
of the four-spherical mirror system with Casse-
grainian-inverse Cassegrainian type.
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Fig. 2. Physical analyses of the distortion free, flat
field, aplanat four-spherical-mirror system with
¢;=—1. (@) Domain where the useful system
exist. (b) Behaviors of #(=d,+d,+ds), (c) Va-
riations of Sx(= —Su/2u;f%), (d) Variations of
Si(=+Sn/2ulf), (e) Behaviors of |hi/hil, (O
Behaviors of RTR (ratio of transmitted ray);
as functions of d, for given dy's (A: dy;=38,
B: d,=39, C: dy=40, D: dy=4.1, E: d,=42,
F: d():4.3).
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Table 3. Design data of the normalized four-spherical mirror system with stop at third mirror surface (f = —1cm)
Mirror No.
Object Ent. Pupil I I 111 18%
Curvature —0.488603 —0.257129 0.231635 0.407466
Distance 4.705553 3409482 —0.468181 2.034338 —1.543092
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Fig. 3. (a), (b), (c), (d) are the residual finite ray aber-
rations of the normalized four-spherical mirror
system (f = —1cm), (e) tangential direction co-
sine of principal ray in image space and (f)
RTR:ratio of transmitted ray.
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Table 4. Clear apertures and hole diameters of the
mirrors for the four-spherical mirror system
given by Table 3 (in cm)

Mirror No.
Ent. Pupil 1 I I 1\Y

0471 0.808 0490 0426 1.385
0.000 0.555 0.000 0.000 0.951
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Fig. 4. Configuration of the scaled-up four-spherical
mirror system. The stop of the system lies at
the third mirror surface (f=~—10cm).
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Fig. 5. (a), (b), (¢), (d) are the residual finite ray aber-
rations of the scaled-up four-spherical mirror
system (f=-—10cm), (e) tangential direction
cosine of principal ray in image space and (f)
RTR: ratio of transmitted ray.
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Fig. 6. Spot diagrams of the four-spherical-mirror sys-
tem scaled-up to f=—10c¢m for three field
angles at five defocused image positions. The
circle shows the Airy disk size (radius R=10
pm) for KrF excimer laser beam (1=0.248 ym).
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Table 5. Design data of the scaled-up four-spherical mirror system with stop at third mirror surface (f = —10 ¢m)

Mirror No.
Object Ent. Pupil I1 111 v
Curvature —0.049305 —0.025947 0.023374 0.041118
Distance 47.243203 33.824428 —4.528625 20.595786 —15.124912
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Table 6. Clear apertures and hole diameters of the
mirrors for the four-spherical mirror system
given by Table 5 (in cm)

Mirror No.
Ent. Pupil I II I v

486 298 254 830
328 000 000 560

Clear aperture 2.84
Hole diameter 0.00
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For the micro-lithography using a excimer laser beam(/l_(:O.248 #m), a mirror system consisting of
four spherical surfaces with reduction magnification 5X is designed. Initially the aplanat, flat field
and the distortion free condition of the system are analytically investigated within Seidel 3rd order
aberrations. And the computer-aided optimization technique has been employed for the further impro-
ved performance of the system. The final system has N.A. of 0.15 and image field diameter 3.3 mm,
and has the diffraction-limited performance for KrF eximer laser beam.



