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28} 1. Typical configuration of the four-spherical mir-
ror system with Cassegrainian-inverse Casseg-
rainian type.

(a) marginal ray tracing
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217 2. The paths of marginal ray and principal ray
in the holosymmetric four-spherical mirror sy-
stem with magnification M= + 1. The stop lies
at the first focal plane of the front two-mirror
system.
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3 1. The design data of the holosymmetric four-spherical mirror system with all zero third order aberrations.
The system has the practical size of f=—10 cm and the stop lies at the first focal point of the front

two-mirror system.

Mirror No.
Object Stop 1 I 111 v
Radius of Curvature(cm) —49.442674 —49442674 49442674  49.442674
Distance(cm) 19.999999  44.721358  —30.557280  30.557280 —30.557280
N.A. NA, Tl iR b 3 BAL o) FoEc) & 19
0.15 0.15 4-FHAAE LE 33 £} AAHAAG 232 F3)
55wz FRAFA} o Hs) dolglel e 4
& Agstar sk
dubdog wpHe Fufszt Bl felsta, ¥l
LRI & AA HEEETE A5S Eoh
40 0 exip 3x0® g 3xpf FH 2dE A2 94 GERCT ]_T) Ei
76 A {on) 0S¢ weld £ 19 4-7FHAA v]FEE =8]5ke] FEls
ol " G4 o)Faa Ak wiEw AN ohg ol
’ AR
half Field angle half Field angle "

1.1° 1.1°

s /it
<07 0 707 ST L I P
field curvaturelcm) distortion(¥)
{c) ()

2% 3. The residual finite ray aberrations of the holo-
symmetric four-spherical mirror system(f’=
—10 cm) with all zero third order aberrations
(TSA: transverse spherical aberration, OSC:
offense against the sine condition, At: tangen-
tial ray aberration, As: sagittal ray aberration).
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3£ 2. The design data of the holosymmetric ashperized four-mirror system(f =—10 cm) using DUV wavelength
of 0.248 um(KrF excimer laser beam).

Mirror No.

Object Stop | 1I III v
Radius of
Curvature(cm) —49.442674 —49.442674 49.442674 49.442674
Distance(cm)  19.999977 44.721308 —30.557246 30.557246 —30.557246
ascm™3) 0.371789X 107  0.300297x10°% —0.300297 X108 —0.371789X10™ %
aglcm™%) —0.451892X 10" —0.268369X10°1®  (0.268369X 107 (0.451892X10~!
as(cm™) —0.154637X 10"  (0.884425X 107! —0.884425X107 1!  (.154637X 10~
a(cm™®) —0.245584 X107  (.218286X 10" —0.218286X 10"  0.245584 X 10~V

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

Mirror No.
Stop I II I v
Clear Aperture 13.9835 44.0400 11.9595 11.9595 44.0400
Hole Diameter 0.0000 25.0150 0.0000 0.0000 25.0150
N.A. N.A half field angle
0.33 0.33 e det
83 at
stop g0® 0 gap® g7 0 aap? 2407 o 2ap7
TSA {ea 0s¢C field curvaturelca)
13 4. Configuration of the aspherized four-mirror (a) ®) (ol
system(f = —10 cm). This system has N.A. of
0.33, TCL(OO) 98.8855cm, and the largest
clear aperture diameter 44.0400 cm. The stop
lies at the first focal plane of the front two- half field a:?gle
mirror system. 1.1 100y 0
Te
SE
dition)s} sk sos} ) F5AE A A GE 2®
holosymmetric system®] £4& % BAFygict A= 28 0 a2y 0 .1°
Fabe Z Aol <F 11X107%%, & 43X107* nm distortiont) half Field angle
22y 5 @) o5 22 % 7+l 9o lithography i) el
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FoFE 100%2 F W) vheple | A7 077° E;tionslgf ﬂ;e asdph(er)izedl féur-g}irr?; systerlz

5 ° . =-—10cm), and (e) relative distribution o
oA 93%, HHAA L1174 90%e) =22 lithography light in the image plane (TSA: transverse
Fatoll M Ao ate 2w Fdol 2AI dolrh o) spherical aberration, OSC : offence against the
AHe-& FA S5 7 AlA 2ol Hsl 47278 ]5} Spot dia- sine condition At: tangential ray aberration,

gramse] 3702l ub A|Aztat 5709 Abw g o) As: sagittal ray aberration).
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N.A.= 0.33 half field angle
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dz= 0.30 um ° - B
dz= 0.00 um ° + ¢.
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2% 6. Spot diagrams of the aspherized four-mirror
system using DUV wavelength of 0.248 um
(KrF excimer laser beam) for three half field
angles at five defocused image positions. The
circle shows the size of the Airy disk (radius=
0.46 um) for wavelength of 0.248 ym.
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18 7. MTF of the aspherized four-mirror system
with the linear central obscuration ratio of 0.57
for three half field angles of 0.00°, 0.77° and
1.10°. The diffraction limit MTF curves are
plotted for the case with 0.57 obscuration and
that with no obscuration.
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Holosymmetric 4-Mirror Optical System(Unit Maginification)
for Deep Ultraviolet Lithography Obtained from the Exact
Solution of All Zero Third Order Aberrations

Young Min Cho and Sang Soo Lee
Department of Physics, Korea Advanced Institute of Science and Technology
Taejon 305-701, Korea

(Received: August 12, 1993)

A holosymmetric four-mirror system with unit magnification is designed for use in the micro-lithog-
raphy using a deep ultraviolet wavelength of 0.248 ym(KrF excimer laser line). In the holosymmetric
system all orders of coma and distortion are zero. By applying this principle to the 4-spherical mirror
system, we have obtained only one exact solution for the unit magnification holosymmetric four-spheri-
cal mirror system with all zero third order aberrations. For correction of the residual higher order
aberrations of the system, aspherization is introduced keeping the holosymmetric properties. We have
obtained near diffraction-limited performance for the wavelength of 0.248 ym within N.A. of 0.33 and
image field diameter of 7.6 mm.
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