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II. Coma, astigmatism, field curvature, distortion
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29 1. (a) Typical configuration of the four-spherical-
mirror system with Cassegrainian-inverse Cas-
segrainian type and (b) the path of principal
ray on the stop.
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1% 2. Analysis of the four-spherical-mirror system
which is free from coma, astigmatism, Petzval
sum and distortion with ¢;=—1. (a) Region
where the useful systems exist, (b) variations
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+d>), and (d) behavior of |ki/h;| as a function
of d, for given d,’s (A: d,=2.65, B: 4,=2.80,
C: d,=2.95).
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E 1. The design data of the aspherized four-mirror system (f'=—10.0 cm).

Mirror No.
Object Stop I 11 111 v
Curvature(cm™) —0.03003024 —0.01951688 0.02302019  0.01251127
Distance(cm) 50.00 39.9092795  —9.9899140 60.0421656 —51.5672376

E 2. Aspherical coefficents for the mirror No.3 and 4.

Aspherical coefficients as(cm™3) aglem ™) asglcm™7) aiem™®)
Third surface —1.1657125X107¢ 5.1276500X 10~ —4.5072894 X107 7.6794968 X 10716
Fourth surface 4.6041659X 101 268265721071 4.0252983X 107" 2.2786721X107%
X 3. Diameters of clear apertures and central opening Half field angle
of the mirrors for the system given by Table 13
1 and Table 2 (unit: cm).
Mirror No.
Stop 1 I III v -40 40 -40 0.0 o -c;.o 0.0 sio
(X10 (x107°) (x107°%)
Clear a'perture 802 1430 742 1838 79.36 T s A o s ¢ Distortion
Hole diameter 000 744 000 0.00 20.82 (a) (b) (c)

Half field angle

d 209
C. §' 83.0 %
stop .~
P Cz | C Cs 3
= 5
o = o 3 o0 )
: 25 e s o 2 %%0 1.3
(x 10 (x10°° .
Half field angle
Tangentlol
] ] . . Astlgmctlsm Direction Cosine
17 3. Configuration of the aspherized four-mirror (d) (e) (f)
system (cs, ¢, are aspherical). The stop of the =3 4. (a), (b), (), (d) are the residual finite ray aber-
system lies at the first focal plane. rations for the aspherized four-mirror system,

(e) tangential direction cosine of the principal
ray in image space, and (f) relative amount
of light in image plane (TSA: transverse sphe-

ol =)Aol ArZ 7ol A A A F53 3 83}

AYsHA Hedl 2FIAE margin field A4 gk rical aberration, OSC: offense against the sine
M, | =10X107%0)22 ZF3] telecentric 27§ % condition, At: tangential ray aberr., As: sagittal
Zgeha 2 ok 27 49 (O A W illu- ray aberr.).

mination uniformityel] S-S=HE Fo2A FHale] EA

oA g FAFC] HFAQ Ao gl FAle 02um 7tASE AL o)F AR o zH7e] gl
$5 10028 59l W 7o) wAlAZel #dshe o BatAe] spote] S Jehd etk 1d49
nl&Are] B4 2wl FAEe] Add sk 212 KrF excimer laser ZAell i N.A.=04% o
BHEe) 22 MEgz Jehd Aoa w7 130 Airy disk(H7d 038 ym)°]ct.

ol <k 83% AEolct oi7)A o] wiE EA A

23l P19 e 46870 0)ch. 18 5= FsAI AT vad B

37} whg3 slubal spot diagram S 2 A HRA|A 2 0.0°,

09°2} 13°9 ZAfel whated HAH Aolx AF=2 B =7l 4 Gauss BEE o] §-3he] 1x}gstA] st
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Half field angle

00° 09 13"

&=+04 pm ® - +

&=+02 um ° - +

&= 00 um . . +

&=—02 ym . . ]
O  Airy disk

&=—-04 ym . 0 (]

29 5. Spot diagrams of the aspherized four-mirror
system for three half field angles at five defo-
cused image positions. The circle shows the
Airy disk (radius R=0.38 ym) for KrF excimer
laser beam.

Seidel Al 1A} FAATE 4-TH HAFEA ] FHT
2, Zap, v]Ageal, AR ¥ g FeAESE R4S
How, o)A NE 4-FH HHALRIAE FA 5=
a3 87l o) AANTSF 5/0E AR sk AT
Z40u)8(6GX)S Zt2 5709 Seidel A 1x FAAFF
405 o] &3t 47 WA Y B E A w
o2 Falgon, 7 AAMS g 4-FH HAREE
Aol Fz# EA, vignetting R AA=A @& Ao
bl gt R shec). =3 2HdeAlQ) T
FAE AA7] Hste zeidat X AHA
Al o] vl Aleg #HA 3 deR AMsle i
F2HE AAsg o, A HAIES v Eske
submicron lithography-$ #&Ae] e x7g wEg
4 AEE S488(X), & NA(numerical aperture),
e dFpats: 2=E ool =3 ZE L A
AE FAE e o]Fo £3}2] Wl gloew
zZeNE FIA Y A 12HH R o] FA|F 024 opti-
cal lithographyell4] Z84]8l32 ¢l telecentricity-Z
&S g Flqlnh o|FA AR vFAHE 4-ukA1A3
A NAE 04, 2HAEE 08 ym 22)3 field
angle 2.6° ol A 3|AH3HA o] 45& el
c}.,

iy

o

Mo
e

(1] A. J. Moses, Optical Materials Properties, IF1/
Plenum Data Corporation, 1971 (New York).

[2] B. J. Lin, “The Path to Subhalf-Micrometer Opti-
cal Lithography”, SPIE, 922, 256 (1988).

[3] K. Kajiyama, et al., “Combination of Narrow Ban-
dwith Excimer Laser and Monochromatic Reduc-
tion Projection Lens”, SPIE, 922, 426 (1988).

[4] D. R. Shafer, “Four Mirror Unobscured Anastig-
matic Telescope with All Spherical Surfaces”,
Appl. Opt., 17, 1072 (1978).

[4]1 C. G. Wynne, “Two-Mirror Anastigmats”,
Soc. Am., 59, 572 (1969).

[6] J. D. Buckley, “Expanding the Horizons of Optical
Projection Lithography”, Solid State Technology,
Sept., 159 (1984).

[7] A. Offner, “New Concepts in Projection Mask
Aligners”, Opt. Eng, 14, 130 (1975).

[8] M. V. R. K. Murty, “Offner 1:1 System Some
Further Uses”, Opt. Eng., 14, 326 (1985).

(9] A. Suzuki, “Complete Analysis of a Two Mirror
Unit Magnification System: Part 1", Appl. Opt,
22, 3943 (1983).

(101 A. Suzuki, “Complete Analysis of a Two Mirror
Unit Magnification System: Part 2”, Appl. Opt,
22, 3950 (1983).

[11] K. Jain and R. T. Kerth, “Excimer Laser Projec-
tion Lithography”, Appl. Opt., 23, 648 (1984).

{12] S. C. Park and S. S. Lee, “Four-Mirror Optical
System for UV Submicrometer Lithography”,
Opt. Eng, 30, 1023 (1991).

[13] J. T. Kim, H. J. Kong and S. S. Lee,
four-mirror optical system for deep-ultraviolet
submicrometer lithography”, Opt. Eng., 32, 536
(1993).

[14] D. Markle, “The Furthre and Potential of Optical

Solid State Technology,

J. Opt.

“Improved

Scanning Systems”,
Sept., 159 (1984).

[15] A. C. Stephanakis and D. 1. Rubin, “Advances
in 1:1 Optical Lithography”, SPIE, 772, 74 (19
87).

[16] F. N. Goodall and R. A. Lawes, “Excimer Laser
Photo-Lithography with 1:1 Wynne-Dyson Op-
tics”, SPIE, 922, 410 (1988).

(17] J. Dyson, “Unit Magnification Optical System Wi-
thout Seidel Aberrations”, J. Opt. Soc. Am., 49,
713 (1959).

(18] Half Field Dyson Optical Design, Ultratech Step-



8 ¥R A4d 415, 199343 3¢

per (1991). mic Press, New York 1978) Chap. 7.
[19] M. Herzberger, “Gaussian Optics and Gaussian [21] W. T. Welford, Aberrations of the Optical Systems
Bracekets”, J. Opt. Soc. Am., 33, 651 (1943). (Adams Hilger Ltd., Bristol, 1986).

[20] R. Kingslake, Lens Design Fundamentals, (Acade-

Further Analysis of Optical Aberration of Four-Mirror Optical
System for Deep UV Submicron Lithography

Jong Tae Kim and Sang Soo Lee
Department of Physics, Korea Advanced Institute of
Science and Technology, Taejon 305-701, Korea

(Received: January 13, 1993)

A design of four-mirror optical system with reduction magnification 5X for deep UV (1=248 nm
of KrF excimer laser) submicron lithography is presented. Initially by using the paraxial quantities,
the domain of solution for ¢{=d;+d;+d;<0 (di: distance between the mirror ¢; and ¢;41) is found
for the system which is free from the four off-axial Seidel first order aberrations that are coma,
astigmatism, field curvature, and distortion. The solution with d,=2.95 (normalized with respect to
¢1=—1) is choosen and the aspherization is carried out to the spherical mirror surfaces (¢; and c4)
in order to reduce the axial and residual off-axial higher order aberrations. The numerical aperture
of the final system is as large as 0.4, which gives Rayleigh resolution of 0.38 um.



