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Optical system of extreme ultraviolet lithography
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Abstract: Extrenme UltraViolet Lithography( EUVL) has been regarded as a promising lithographic technology
following ArF immersion lithography for the 32 nm hp node and beyond and the EUV optical exposure system
consisting of a illumination system and a projection system is a key part in the EUVL. This paper introduces
several kinds of EUVL tools at home and abroad and gives their optical specifications. Then, it summarizes the
principles of optical design for EUWVLs and reviews the design requirements for the illumination and projection
systens, respectively. Finally, it describes the design methods of illumination and projection systems in EUV-
Ls, especially, it discusses a aspheric 6-mirror projection optics which is suitable for 22 nm EVUL technology
and gives the improvement method of illumination uniformity for the illumination system.
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Fig. 6 Projection optics of SFET

2006 , ASML Alpha ADT
, CNSE IMEC ADT
NA 0.25, 35 nm /
26 mm x 33 mm
EUV v 7 ADT
EUVL , ,
6 :
Carl Zeiss :
0.25 nm, 4 1, 26 mm x
2 mm : <40 nm,
EUV RMS
1.1nm 2007 ,ADT 80 nm
32 nm / ADT
EUVL22 nm 32 nm
3300B  3300C"*
Nikon EUV1( 8)
RMS 0. 4 nm, 26 nm (
)
26 mm x2 mm, 41 9 EW.

( Low-spatial-fre-
quency Roughness, LSFR; Mid-spatial-frequency
Roughness, MSFR; High-spatial-frequency Rough-
ness, HSFR) ( Power Spectral Densi-
ty, PSD) , 27

[ 23, 24]

pm Canon VSI

455
.| ADT Specifications
A 13.5 nm

NA 0.15~0.25

Field size 26 mm>33 mm

Wafer size | 300 mm

Mag. 4%
Flare 16%
Dense 40 nm
Iso. 30 nm
CH 55 nm

Overlay | 12~15nm

Throughput |6~10 wafer/h

7 ADT
Fig. 7 Photograph of ADT and its specification

, EUVL

[ 25]

8 EuUVl1
Fig. 8 Photograph of projection optics of EUV1

+[LSR P> | |
1.00X 10" 1
1.00X 1010 [ ; gt
1.00X 10 \’f\ s
1.00X 105 | '

PSD /nm?*

1.00 X 10* |

1.00X10% | A !
\ s 1
1.00 | Expected WFE: L
‘ 0.2 nm RMS 1
1.00 X 1072 1 1

1.00X107%* 1.00X107° 1.00X10"* 1.00X 102
Spatial frequency/nm™'

9 EULVL
Fig.9 LSFR, MSFR, HSFR and PSD of a polished as-

pheric mirror in projection optics of EUV1



456

2008 LBNL NA 0.5 3.2 EUVL
MET2'™, 16 11 nm EUVL EUVL
, 8nm MET2 ,
EUVL ,
32 nm
3 EUWVL -
3.1 EUVL (1)
(1)
EUVL  EUV < +1%
’ [3]
(2)
NA
NA o,
’ 0=0
;0 =00
0<o <1 EUVL
’ .0 0.7
’ ’ o
, 5 |
’ [30,31]
(2) (3)
’ , <25°,
’ 75°

70%  90%

51 41 ,
(3)
Mo/ Si (4)

(720 ; 4 EUVL

EW/L 4.1 EUVL
, (RES) ( DOF)



5 457
: Fraunhofer :
Rayleigh e 3 = 1/44n) A\ P-V, (3)
RES = kA NA, (1) o =1/£28 2)\A RMS. (4)
DOF = kA /A NA) °, (2) EUVL NA
ko ke , A 1 NA
) kl k]_ > O. 5 y
A NA ;0.3 <k <0.4
, Rayleigh 1/4 Marechal NA>0.3 EUVL 22 nm
: O =1/4\ ( P- ' NA>0.4 16 nm ; NA
V), 0 =1/14) (RMS) , 0.5 11 nm o
1 NA, k;
Tab.1 Relationship among NA, k; and DOF
Hp Ky DOF/nm
32 nm 22 nm 16 nm 11 nm 8 nm
NAQ. 25 0.59 0.42 0.29 0.21 0.15 216
NAO. 30 0.71 0.50 0.35 0.25 0.18 150
NAO. 35 0.82 0.58 0.41 0.29 0.21 110
NAO. 40 0.94 0.67 0.47 0.33 0.24 84
NAQ. 45 0.75 0.53 0.38 0.27 67
NAO. 50 0.83 0.59 0.42 0.29 54

Mask

(a) PNPPNP #Y
(a) PNPPNP model

1
S > |

(c) PNNPNP %I
(c) PNNPNP model

10 6

(b) PPNPNP i
(b) PPNPNP model

Mask

(d) NPNPNP %1
(d) NPNPNP model

Fig. 10 6-mirror projection optics of EUVL



458 3
EUVL 22 nm NA 8 NA
) ) 0' 4! )
22 16 nm NA 0.35 pm :
6 NA 0.5,
EUVL 6 10 , 4
(s ssl Oana Marinescu EWV
(1) PNPPNP (P N , el
) 11 :
M. M
) Ml ) MZs M3
] I\/IZ ’ M5
(2) PPNPNP
Ml ) M2
’ M, ms(:ms.sza\:s.s_m)
’ 11
Fig. 11  Projection optics generated with saddle-
(3) PNNPNP point construction
’ Carl Zeiss 11 nm
) ) NA =7 12(a) 8 ,
PPNPNP : 12(b) 6 NA
M, 0.5
(4) NPNPNP
M, M; M,
NA
NA 0.5
, PPNPNP
, NPNPNP PNNPNP
& 1.
16 nMm EWVL NA (a) 8 ’f‘%&}%}ﬁ%%’zéj’ﬁ (b) 6 ’f‘%&%ﬁ:‘ﬁ%?ﬁéfﬁ
(a) 8-mirror system without (b) 6-mirror system with
0.4, central obscuration central obscuration
NA ,
12 Carl Zeiss NA 0.5
] EU'

VL

Fig. 12 Different type systems with NA of 0.5



459

4.2 EUVL

Image
plane

Fiel Pupil .
Collector array  array Intt?gza::on
(FE1) (FE2)
13

Fig. 13 Principle of fly eye illumination optics

4 [3941]:
(1) :
14(a) (b) , (b)
AT O
O | O] O\ Ol o
OO ] O OlO0]|O
(o O O) LOblofo[d]
olo]| o fo]lo]| o
O | O | O/ O] o
~No
(@) (b)
14

Fig.14 Arrangement of facets

(2) :

(3)

vl

15
Fig. 15 Rule of correspondence between the two facets

(4)
EUVL
, EUVL
22 nm EUVL
, EUVL
EUVL 20 ,
, , EUVL 22 nm



460

[1]

[2]

[3]
[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[ 16]

[17]

[18]

[19]

[20]

[21]

[22]

HUDYMA R M. An owenview of optical systems for 30 nm resolution lithography at EUV wavelengths[ J] . SPIE, 2002,
4832: 137-148.
WOODA O, KOAYB C-S, PETRILLOB K. EUV Lithography at the 22 nm technology node[ J]. SPIE, 2010, 7636:
76361M/1-76361M/8.
BAKSHI V. EUV Lithography[ M] . Bellingham: SPIE Press, 2009.
JEWELL T E. Reflctive system design study for soft X-ray projection lithography[ JJ . J Vac. &i. Technol. , 1990, B8( 6) :
1519-1523.
GOLDSMITHA J E M, BARRA P K, BERGERA K W. Recent advances in the Sandia EUV 10x microstepper[ J] . SPIE,
1998, 3331: 11-19.
KURIHARA K. Two-minror telecentric optics for soft X-ray reduction lithography[ JJ . J. Vac. i. Technol., 1991, B9
(6) :3198-3192.
JEWELL T E. Two aspheric mirror system design for SXPL[ A] . OSA Proceedings on Soft X-Ray Projection Lithography
[ C] . Monterey, California, May 10-12, 1993,18:71-74.
GOLDSMITH J E M, BERGER K W, BOZMAN D R, et al.. Sub-100-nm imaging with an EUV 10x microstepper|[ J] .
SPIE, 1999, 3676, : 264-271.
: : . X [J. , 2000, 8( 1) : 66-70.
JIN CH SH, WANG ZH SH, CAO J L. Dewelopment of elementary arrangement for soft X-ray projeetion lithography[ J] .
Opt. Precision Eng., 2000,8( 1) :66-70. ( in Chinese)
TICHENOR D A, RAY-CHAUDHURI A K, REPLOGL W C, et al.. System integration and performance of the EUV engi-
neering test stand[ J] . SPIE, 2001, 4343: 19-37.
BOOTH M, BRIOSO O, BRUNTON A. High-resolution EUV imaging tools for resist exposure and aerial image monitoring
[J . SPIE 2005, 575: 178-89.
SOUFLI R, HUDYMA R M, SPILLER E, et al. . Sub-diffraction-limited multilayer coatings for the 0.3 numerical aperture
mic ro-exposure tool for extreme ultraviolet lithography[ J] . Ampl. Opt. , 2007, 46: 3736-3746.
GOLDBERG K A, NAULLEAU P P, DENHAM P E, etal. . Atwawelength alignment and testing of the 0. 3-NA MET op-
tic[J. J Vac. i. Technol., 2005, B22( 6) : 2956-2961.
ROBERTSL J M, BACUITAL T, BRISTOLL R L. One small step: world’s first integrated EUVL process line[ J . SPIE,
2005, 5751:64-77.
NAULLEAU P P, ANDERSON C N, Dean K, et al.. Recent results from the Berkeley 0. 3-NA EUV microfield exposure
tool[ J] . SPIE, 2007, 6517: 65170V /1-65170V /8.
NAULLEAU P P, ANDERSON C N, BACLEA-AN L-M, et al. . The SEMATECH Berkeley microfield exposure tool: leam-
ing at the 22-nm node and beyond[ J] . SPIE, 2009, 7271:72710W/1-72710W/11.
OIZUMI H, TANAKA Y, KUMASAKA F, et al. . Lithographic performance of high-numerical-aperture( NA =0. 3) EUWV
Small-Field Exposure Tool( HINA) [J] . SPIE, 2005, 5751: 102-105.
UZAWA S, KUBO H, MIWA Y, et al.. Path to the HVYM in EUVL through the development and evaluation of the SFET
[J . SPIE, 2007,6517: 651708/1-651708 /10.
MEILING H, BOON E, BUZING N, et al. . Performance of the full-field EUV systems[ J] . SPIE, 2008, 6921:69210L /1-
69210L/13.
MEILING H, BUZING N, CUMMING S K, et al.. EUVL systenms: moving towards production[ J] . SPIE, 2009, 7271
727102/1-727102 /15.
HARNED N, GOETHALS N, GROENEVELD R, etal. . EUV lithography with the Alpha Demo Tools: status and challen-
ges[ J] . SPIE, 2007, 6517: 651706 /1-651706/12.
WAGNER C, HARNEDA N, KUERZB P, et al.. EUV into production with ASML's NXE platform[ J] . SPIE, 2010,



5 461

7636: 76361H/1-76361H/16.

[23] MIURA T, MURAKAMI K, SUZUKI K, et al.. Nikon EUVL dewelopment progress summary[ J] . SPIE, 2006, 6151: 1-
10.

[24] MIURA T, MURAKAMI K, KAWAINIKON H, et al.. EUVL development progress update[ JJ. SPIE, 2010, 7636:
76361G/1-76361G/16.

[25] MORI I, SUGA O, TANAKA H, et al.. Selete’s EUV program: progress and challenges[ J . SPIE, 2008, 6921: 692102 /
1-692102 /12.

[26] GOLDSTEIN M, HUDY MA R, NAULLEAU P, et al. . Extreme-ultraviolet microexposure tool at 0. 5 NA for sub-16 nm li-
thography[ J]. Opt. Lett., 2008,33( 24) : 2995-2997.

[27] SOUFLI R, SPILLER E, SCHMIDT M A, et al. . Multilayer optics for an extreme ultraviolet lithography tool with 70 nm
resolution] J] . SPIE, 2001, 4343: 51-59.

[28] CHENL, MICHAEL, DESCOUR R, et al.. Multilayer-coating-induced aberrations in extreme-ultraviolet lithography op-
tics[ J] . Appl. Opt., 2001,40( 1) : 129-135.

[29] MICHALOSKI P. Requirements and designs of illuminators for microlithography[ J] . SPIE, 2004, 5525:1-10.

[30] HAGA T, KINOSHITA H. Illumination system for extreme ultraviolet lithography[ J] . J. Vac. <ci. Technol. B, 1995,13
(6) :2914-2918.

[31] KOMATSUDA H. Nowel illumination system for EUVL[ JJ . SPIE, 2000, 3997: 765-776.

[32] BORN M, WOLF E. Principles of Optics 7th Edition[ M] . Cambridge: Cambridge University Press, 1999.

[33] HUDYMA R M. High numerical aperture projection system for extreme ultraviolet projection lithography. US, 6072852
[ P] . 2000-06-00.

[34] CHAPMAN H N, HUDYMA R M, SHAFER D R, et al. . Reflective optical imaging system with balanced distortion: US,
5973826[ P] . 1999-10-26.

[35] HUDYMA R M. High numerical aperture ring field projection system for extrerme ultraviolet projection lithography. US,
6033079[ P] . 2000-03-07.

[36] MARINESCU O, BOCIORT F. Saddle-point construction in the design of lithographic objectives| J] . Opt. Eng., 2008,
47(9) : 093002 /1-093002/6.

[37] LOWISCH M, KUERZ P, MANN H-J et al.. Optics for EUV production J] . SPIE, 2010, 7636: 763603 /1-763603/11.

[38] ANTONI M, SINGERA W, SCHULTZ J, et al.. Illlumination optics design for EUV-lithography[ J] . SPIE, 2000, 4146:
25-34.

[39] MURAKAMI K, OSHINO T, KONDO H. Dewelopment of optics for EUV lithography tools[ J]. SPIE, 2007, 6517:
65170J/1-65170J/8.

[40] OSHINO T, SHIRAISHI M, KANDAKA N, et al. . Dewelopment of illumination optics and projection optics for high- NA
EUV exposure tool( HiNA) [J] . SPIE, 2003, 5037: 75-81.

[41] SMITH D G. Modeling EUVL illumination systems[ J] . SPIE, 2008, 7103: 71030B/1-71030B/8.

(1981—), , : ,
E-mail: Wip8121@ 126. com



