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(a) marginal ray tracing

(b) principal ray tracing

28] 1. Typical configuration of the holosymmetric two-
spherical mirror system with magnification of
M= —1. The object(00)) is at the focal plane(F)
of the first mirror and the image(0'0’)) is at
the focal plane(F>) of the second mirror.
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& 1. The design data of the aplanatic flat-field holosymmetirc paraboloidal 2-mirror system using soft X-ray
wavelength of 13 nm. The system has the focal length of f=—60 cm and the stop lies at the first mirror.

Mirror No.
Object Stop I II
Distance(cm) 60.000000 0.000000 —60.000000
Radius of Curvature(cm) —120.000000 120.000000
conic constant — 1.000000 —1.000000
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3 2. Diameters of clear apertures and holes of the
mirrors for 256 M DRAM(0.25 um) pattern ima-
ging in the 2-mirror system of Table 1(unit: cm)

Mirror No.
Stop I 11
Clear Aperture 49000 4.9000 5.4000
Hole Diameter 0.0000 0.6000 0.6000

1:1 HOLOSYMMETRIC 2-MIRROR SYSTEM FOR SXPL

Cz Cy
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stop

23 2. Configuration of the holosymmetirc two-mirror
system{M= —1) with NA of 0.04 and image
diameter of 40mm for 256 M DRAM. TCL
(O0") is 60.0000 cm and the largest clear ape-
rture diameter is 5.4000 cm.

MERIDIONAL SAGITTAL AXIS
1.00 FIELD 0.250
- - ‘[
- -0.250
0.71 FIELD
\ /A ; .
, t T 1 \\|
0.50 FIELD
— OPD --- CPD -- CP2 VERTICAL AXES = 0.500 WAVES

28] 3. Wavefront aberrations from finite ray fan trace in the holosymmetric two-mirror system given by Table
1 and 2. Optical path differences (OPD) with respect to principal rays are plotted.
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13 4. (a), (b), (c). (d) are the residual finite ray aberrations of the holosymmetric two-mirror system for 256 M
DRAM, and (e) direction cosine of principle ray in image space, (f) relative distribution of light in the
image plane (TSA: transverse spherical aberration, OSC: offence against the sine condition At: tangential
ray aberration, As sagittal ray aberration).
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NA = 0.040 image height
0.00cm C.14cm 0.20cm
dz= 2.00um @ | |
dz= 1.00 pm . ' 0
dz= 0.00 um J . )
dz= -1.00 um . - o
O Airy disk
dz= -2.00 um ® -_— -

17 5. Spot diagrams of the holosymmetric two-mir-
ror system for 256 M DRAM at three half fie-
Ids and five defocused image positions. The
circle shows the size of the Airy disk (radius=
0.20 ym) for NA of 0.04 at soft X-ray wavele-
ngth of 13 nm.
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1% 6. MTF of the holosymmetric two-mirror system
for 256 M DRAM at the Gaussian image posi-
tion. The diffraction limit MTF curves are plo-
tted for the 0.0 field.
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28 7. Through-focus MTF of the holosymmetric
two-mirror system for 256 M DRAM at the
spatial frequency of 2000 cycles/mm.
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Cz ¢
— — et
stop

1§ 8. Configuration of the holosymmetirc two-mirror
system(M= —1) with NA of 0.055 and image
diameter of 2.5mm for 1G DRAM. TCL (DO
0') is 60.0000 cm and the largest clear aper-
ture diameter is 7.1000 cm.
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N A N A inage height (ca)
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23 9. (a), (b), (c), (d) are the residual finite ray aberrations of the holosymmetric two-mirror system for 1G
DRAM, and (e) direction cosine of principle ray in image space, (f) relative distribution of light in the
image plane(TSA: transverse spherical aberration, OSC: offence against the sine condiion At: tangential

ray aberration, As: sagittal ray aberration).
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28 12. Through-focus MTF of the holosymmetric
two-mirror system for 1 G DRAM at the spa-
tial frequency of 2800 cycles/mm.

dz= -0.75 um . - -
O Ai Ty disk 2nd P“"“b“\["“d“‘ miryor t3t paraboloidal mirror
y
j' marginal ray
dz= -1.50 um ® - -

213 10. Spot diagrams of the holosymmetric two-mir-
ror system for 1G DRAM at three half fields
and five defocused image positions. The cir-
cle shows the size of the Airy disk (radius=0.
144 um) for NA of 0.055 at soft X-ray wavele-
ngth of 13 nm.
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222] 11. MTF of the holosymmetric two-mirror system
for 1G DRAM at the Gaussian image posi-
tion. The diffraction limit MTF curves are
plotted for the 0.0 field.
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2% 13. Schematic opto-mechanical design for two pa-
raboloidal mirrors, mask(object plane), wafer
(image plane), illumination system, movable
micrometer, and holding units in the holosy-
mmetric 2-mirror system

MTFJ‘H «1 ABHZJ 2 Gauss HHemfe 7AA
a5 As) 7h- 01%-5401 siow, 2h H)HratR Qs
AAZE ARFEE 2 ol FE AA Gauss FHolA
MTF349] stetat 24459 Aapr) sy A=
Zo] 25 mmZ A= glch F-7HFub4 2800 cycles
/mme ul Gauss A= #1A]o| A 3] 0589 FAH0.0
field) MTFzlo] deolxa 2E AAld e =HA=
24 ym oW 4 04 olie] MTF 3Fte] dejzich
Zezg ® 1, 39 24k Ae dX-A T3 13
nmel| A 7§75 0.055¢] i) I HFHA L F£a A5



198 @=3as=| A6d A33F, 19954 9¢

712, AAE 25 mmet 2FAE 2.4 ym o<l A 0.18
o] HAeE 2 gloh

Iv. ZEM 2-ttAlH Holosymmetric System
(8=l cHst 27| 87

2 EFH 229 A A kA oA AAE
28 13 AlAlztdch FdHel Tye] B 2ol =
Ao Zzt 7‘]"]‘“ FEe FASHA ot TEUT
FAH T 27l £ 2 £ # 3o AAE hole dia-
meter Zto2 FoyRch F TEHAAI A Alo]e
2AVAE ol B3 AE 2Ae) shwdAd ¥ =
et wtAaz(EA ) do]H(AH)E A2} wholzEn|
Ele] Fol FAR|7|a Azg 5 sfe] 2EHAL] F
F7rdel ArsiAlA vhize} do) 7t wialA e EEH
A (vertex)oll FolwE wlolagn|e|e] 24 AlR A
watA zAgck F vlelagvEe 77 AR
+AY F gAlste npazst deHE wiE HL X
EW7 FolA astelazely AAE WU vle]a R
e ol o= wtazo) delsE wAAA 5 =F
gt

upAA 2H 9siA 2712 EEHA Ape}e) AHFof
Aol whaby shE o AX-Al el w2 X4l
ylo] o] FohubalAel] HEAlEe] wirzE xS E

gk ol FoibAAde 243 ofm UM g ol
A sl He wi FdoldAd @ 5 o, Tk
Aol 75 5 we) el Y 29e) o|RefAEE
B Aol sl Wl el BeAAc & A
ok Fahikalge) Zo)E el FEe) AT FHYE
o)k £EWAS Fob P A7) AbelsiA el
BapA o) Fob Aot LA sbed 79 =)l

o8 YRS Poh FPUAPE vhrz 2w A
o] SJol] whzol 4] habEl Wo] A4 AolHZ Tk AL
wo} sjo)s REs] AYE Ak £ v 47
9 zee] A4l mlAE Edhe ez Fudlery
Fa3 97 dgoleh

v. d =

4 13nme] AX-A-& AHEshe] Ful&(L:)e] FAL
g A a2tu)4 EE9 2-4HAL7 holosymmetric system S
FAAsty, Aol er Hrieigdrh ¥ EEW 24
A= AT e =Z71E 7PHAIA 256 Mega
DRAM % 1Giga DRAM®] {452 2= Ae 72

2E T U=E A

Sa&(1:1)9 #F3AE holosymmetric system o &
TS W Zebel JFeabr) hAlE ARl o)
& 7=t 29414 holosymmetric systemol) 4] 37}
Ao FHTAE AAY] sl T uAEE FU7
FHog HHEA T AR Abe] ARiE &2A sl
Ad el =38 B A E)le] aplanat flat-field -2 2-u
AL A|(Gregorian type)E T-3lich o] ELEW 2-ukA}
AAe AANT FFo 2 dsl BRAIA B¢ AF
HI A FAe) s A 2} 5o A5 Aoz
4o Z7)el Ajzte] W= A ok EY 2-4HA7 ho-
losymmetric systemel] H# 0.25:m 2 0.18 ym<] 3}
A7} QelA= HHe 4 #=Z7|E ZRAREE, & A9
EEH -9 EANA AFet e =Z07E ThEAA
256 Mega DRAM % 1Giga DRAMY] &4 =g zte
4g 7tz AE 7 UAES AAssch FEW 24t
AAE dX-d FA 13nmel A 75 0049 AAE
4.0 el A& HAHPA Ad5o] oA, gl
telecentricity =71-2 =2HE3tx, A w]7HAA =99

L F7rEaE 2000 cycles/mmeoll 4] 2FHAIE 2.5 ym
o dfs] 04 o}l MTF ftel doxich o]l stz
025 ym Al#-S 7153kl sk22 256 Mega DRAM A
ato] 7hg3lch AFE 00552 22l A A EE 25
mmE FeolH A ¥ 2] Ay FUFIs
2800 cycles/mmeol| 4] =A% 2.4 ymol FHEH 0.40]4}2)

H

MTF gtel fdo4xrg &4z 018 m2 1Giga
DRAMS} A& 719% % 9ok,
Yo FHAURY WARAL FRAeR 2

FoH A E A 12Qd FkEA W s AMTEA
37 W2 o dbel 2 2-9RAl A FE g A
HhAL7 2vl R AR g TERE HAEAME ok
2t 7L Ak 5AL 7 vk obgE B 2-ukAlA
Al FEA Zeol 60cms}t ¥R A T1omE HA
A7) % g ¥utoh]el duk v| el ofd FEHOR
kAl o]l Ao} Qo] AX-A FAF 2zt B
AR F&o] Lolslele} 7|Hch Arkrp 2 2-uka}
AARZ A AEF 25 um oWl 1Giga DRAMS] s} 4
2 Ao vlestER AAY it A ] Al A A%
A7 XUV $AF gl azets] A& A zbsted 43te
Ao 2 7idgh

N

o] &17(1994/7-1995/3) 5 A flsted T EIA| Ao



<<

B o
1o rle

(1]

(2]

(3]

(4]
(5]

(6]

(7]

Qe s Tas 2B Felatd 1%

(=3

FEE> dKA T4 YnaebE AT SHE

4E-od 2
ZAHE =x3idch oz dHsrled Eed
s w48 Tgd® 7HAbghc)

i B

[=]
L5

iy

RTEE, "G REEXXRY v 77747, ER
IR, 62(7), 691(1993).

T. E. Jewell, M. M. Becker, ]J. E. Bjorkholm, J.
Boker, L. Eichner, R. R. Freeman, W. M. Mans-
field, A. A. MacDowell, M. L. O'Malley, E. L.
Raab, W. T. Silfvast, L. H. Szeto, D. M. Tennant,
W. K. Waskiewicz, D. L. White, D. L. Windt and
0. R. Wood II, “20:1 Projection Soft X-ray Litho-
graphy Using Tri-level Resist”, Symposium on
Microlithography (SPIE, 1990) pp. 90-98.

K. Kurihara, H. Kinoshita, T. Mizota., T. Haga,
and Y. Torii, “Two-mirror Telecentric Optics for
Soft X-ray Reduction Lithography”, J. Vac. Sci
& Technol. B9(6), 3189(1991).

H. Kinoshita, Proc. SPIE 1724, 576(1992).
SRR~ XM MEEELERE, KB 2008), 482
(1991).

M. Itou, T. Terasawa and S. Moriyama, “Throu-
ghput Estimate of an X-Ray Projection Lithogra-
phy System”, OSA Proc. Soft X-Ray Projection
Lithography, Monterey, 1991, Vol. 12, p. 18.
T. E. Jewell, J. M. Rodgers and K. P. Thompson,

EER WA - 2o - o) B

(8]

(9]

[10]

(11]

(12]

[13]

[14]

199

“Reflective Systems Design Study for Soft X-Ray
Projection Lithography”, J. Vac. Sci. & Technol.
B8(6), 1519(1990).

V. K. Viswanathan and B. E. Newnam, “Develop-
ment of Reflective Optical Systems for XUV Pro-
jection Lithography”, OSA Proc. Soft X-Ray Pro-
jection Lithography, Monterey, 1991, Vol. 12, p. 30.
C. Wang and D. L. Shealy, “Differential Equation
Design of Finite-conjugate Reflective Systems”,
Appl. Opt., 32(7), 1179(1993).

A. A. MacDowell, J. E. Bjorkholm, J. Bokor, L.
Eichner, R. R. Freeman, W. M. Mansfield, J. Pas-
talan, L. H. Szeto, D. M. Tennant, O. R. Wood
I, T. E. Jewell, W. K. Waskiewicz, D. L. White,
D. L. Windt, W. T. Silfvast, and F. Zernike, “Soft
x-ray Projection Lithography Using a 1:1 Ring
Field Optical System”, J. Vac. Sci. & Technol.,
B9(6), 3193(1991).

z2gl, o], "RE 33 £aE AAst AL
21941 Lithography4 4-9FA}7 Holosymmetric
System(* &=1)", &=%33]=|, 4@3), 252(1993).
24l o4, “dX-A FAF gjazetd] g Sl
4-vkA}A Holosymmetric System”, o &9l &h%
A =74, Adsskd #3334, 11-27(1994).

R. Kingslake, Lens Design Fundamentals, Chap.
10, p203-205, (Academic Press, 1978 New York).
W. T. Welford, Aberrations of the Optical Systems,
(Adams Hilger Ltd., 1986 Bristol).



200

B=rgetaix] Al 69 A3E, 19954 94

Paraboloidal 2-mirror Holosymmetric System with Unit Maginification
for soft X-ray Projection Lithography
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A design of unit magnification 2-mirror system with high resolution is presented. It is for soft
X-ray(wavelength of 13 nm) projection imaging and suitable for preparation of high density semiconduc-
tor chip. In general, a holosymmetric system with unit magnification has the advantage that both
coma and distortion are completely eliminated. In our holosymmetric 2-mirror system, spherical aberra-
tion is addtionally removed by using two identical paraboloidal mirror surfaces and field curvature
aberration is also corrected by balancing Petzval sum and astigmatism which depends on the distance
between two mirrors, so that the system is a aplanatic flat-field paraboloidal 2-mirror holosymmetric
system. This 2-mirror system is small in size, and has a simple configuration with rotational symmetry
about optical axis, and has also small central obscuration. Residual finite aberrations, spot diagrams,
and diffraction-based MTF’s are analyzed for the check of performances as soft X-ray lithography
projection system. As a result, the image sizes for the resolutions of 0.25 ym and 0.18 ym are 4.0 mm,
2.5 mm respectively, and depths of focus for those are 2.5 ym, 2.4 ym respectively. This system should
be useful in the fabrication of 256 Mega DRAM or 1 Giga DRAM.



