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Development of Contamination Control Techniques for EUV Optics Surfaces
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Abstract The optics contamination and the contamination control strategies used in extreme ultra-violet lithography
(EUVL) directly affect the performance of optics system. We summarize the main achievements in the research of
optics contamination, such as carbon deposition and oxidation of optical surface, and contamination control strategies
which include intellegent gas blending, protective capping layer and contamination cleaning. The challenges and key
technologies are also presented.
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Fig. 3 Schematic of Ru surface oxidation process

3 EUV e 3Rim s Je il

EUV i 2 {5 G 5 ) 5 AL 45 75 G F0B7 B ARG Je v il BoR . 5 G B £ R Lo B s AR &
BTGRP JZ A 5 75 93 BRECA 3730 2 B3 (RE) 3§ 15 $A /ﬁm{ﬁ{nﬁi* AN CUV) I i SR F A 1
THIEHALE .
3.1 FHESEREAHEAR

BRE MR B BOR T i ) TAEFREE b g LA B AR5 75 G PR AR R A R S B e . 2okt

PFAEAE 5 F A B AR Y SR 85 P ) ol ol 2 SR TETE A S AT DA AR ZEE EUV SRIE R R
D R T B — J2 PR 8L 19 Ttk 56 g JE 3o sl /U 17 W B 7 016 2 2 THT 9 /K 70 1 (A5 O 2 R T AR R R AR
HAR —OH, —SH, —COOH 55 A LI B 7206 2 2 T 79 5 P i — 26 ik S A & Wy o v] LR #5318 Sl —#
W 7E A Koidal 455 FISE S UEW] T 5 N B (35 — OH B:BD R H A W8/ Ru i Ao 1E

6 2E T AR AE By T A I U RR B R rh i Ao AT DL 3 g LA SR ORI Ol 2 R TE A BT . Meiling
SR BRAE WL TR A5 A B AT DA 3R 1 Bk OB Nikon 28 /] W 7E 2T & /) EUV 6% %4
KT ARG U R R
3.2 RPEHEAR

TRAFE MR R E AT 2 O =26 ik VUL Ru AR & B AL TiO, SRR & s A ey . B R4 2
WP ELAT S 1 5 G R ARG, A /K 28 U5 TP BB 8 BT 481k A s TV R S A AR A A PR AR E L T LB

030005-4



50,030005 MM SYBIZHRE www. opticsjournal. net

BJEE FE AN R JL G K (14 3% 2 i 2 25 45 . Ru Rh,TiO, F1 ZrO, #RIEARA B 509 2 10 15 97 26k,

PR32 TR RE 5 AR P 2 AR R B )2 36 100 00 SOWL 25 44 A O . e R ) A9 3R 858 o L 4 T 4% 0 J2 0 o R0 Ak
(R 2 A R4 2 1 100 £ 5 (i FH Ru AR 972 9 00 14 19 75 A 29 0 D St AR B2 19 40 £55° 5 TIO,
UK RuO, 372 FEM AN B B S B R Y2 e Si PR 2 1800 5 A TR 4 JE T 25 A B 4 47 )2 1) 2 1 45
ANTA] S BOM R AR G4 2 A M AR B 25 00T L 2 2 R I I S B R T I R R A )2 B DR A e R 3 TR
F e TR R 3800 2 A 3 RT EA E OR AP 2 0 R B AN ) i ik 5 A 0 i T - 0 Pl S SR B R AR T AR L L3
SR B T — A R T At R A A R
3.3 HEEREA

SHIE T B AR ALHE RE-O, W TEBAR M RE-H, WA . RE-O, 3 3 HOR D A R AR L 3 7 b2
FEIRITA o 35K 19 2 A 49 308 3 S A0 50 Pl 4 ol 1 A 285 1 4 B A 0 M S ) SR B 5 M 2 R T V5 Y ) I R
JSLHE R 0 A S R T 2B e S A0 T R R I il R E A T IR O R B i O A R Ak . AR
S A 355 i AR R R T TR T 5% 3 5 R i AP R A AR s EU AR R 3 5 A R P R T R TR ¥ 50 1 1
A PIME SN . Graham S5 75 5256 b & B, S AR HL 190 ) 38 3 L 37 oAk o 23R 5 R o3 1Y) BB R
3.4 |ERFEBHHEA

A RRN M i A AR T EUV G LR /R T 25 B 2 OB B . HL I T ROH R < o A 2 T Bk
TUBTE B IR B h i ik &4k & 0 M EUV 6 G [RIE T & 28 R - A A & 18 Bl A0 400 /K R4 %
CH, S, U0 T B AR I 3 0 O A 2 5 03t 3 D, 7 S 35 03t 8 4% TRT B R a2 L o 34 97 1) 205
[ 5y 1 WO 24 R 1L . Malinowski 28V BT T ) 28 18 i TURR L 505 T R DL SR T AR 7T
RBH R &L AR TE R 6. 7X10 ° Pa R TNE K 1~3 mW/mm® (1) 548 T WS T &/ eif 10 % 11

iR,
3.5 UV EFEHEAR cooled wall

UV i H AR 4RSS 172 nm e 4 Tk e

uartz optics

B R T ORIURL. JCI U ELT2 i g ) N
MR A2 F A RS A B AU e s ki 5 —) [ B T | 1 ——+I
S 2 T B BT R LA Bt SR A 2 0 R 2 S Tk oy //’*
WIS T o UV 3 i AR B U AU 172 nm 192406 ot tungsten

VR AKX B 2 Bl W R B A WU AL 13,5 nm S
IR S AN GG X BLA8 B SR AN | s B SR AR B i O BT o .
) Fig. 4 Schematic of atomic hydrogen cleaning optical

F AL . Hamamoto % W50 T UV W iEH A IF
TR R 2X10° Pa MRS EIREE T 40 4K 7% T 2
nm/min 1 0. 53 nm/min {35 #HZ, Tanaka 558 T UV GG B (75 17 825 56 AL H] 1) 15
5 LA RSO R R 22 () A G 2R 2 BRI O R 5 A U VR % DDA G [) Rl D' 0 B X1 AT 7 0 R K
3.6 SERFHFERA

QAP 4 7R SR I I RD T SE A 1) 2 R 5 BT 2 04 S 25 BRI 2 2 T B 0 B B 4
Ao LI B TR < T2 B A 0l R TR A e S AR JICHRE R Bk Ak S - 5 O 2 T Y A A
S A A SRR AR K 35 o BRI T BOR B0 R AT TR] B9 B fe DT RR 45 3R T AR AL - TR IR X O A 2 T G 5
370N+ e SR T VR B ARV AR . Otzumi S5 FE R 5 U515 T B U0 RR 1 3 8 v R O 2 3R HTE T T ) )
5o 236 LA R 0 {5 S5 D8 K 14 722 Ak A S A 0 15 22 Y BT 19 5 Graham 267 5 B 5 S0V 0 R DL RR 1) 2o 7 o
%) T 6 nm/hCIE S5 2 A8 UTED A1 12 nm/h(EUV S BUW K TUED 1975 i # % . Nishiyama 57 & LA
BV T B AR I T LA A 2 B Dl A 3R T A A O X ol 2 3 T AR B2 1 S IR/ 5 Motai 5501 4 S5 50
UEW] T U AT AR R0 25 B 6 2 2 T 19 AR 0 L O i 4 A8 il SR AR 1O R .

surface of apparatus

4 HERE
EUVL o 75 YT UL ER 5 775 el R WF 5 © U 1 AL 1O 305 25 D6 T 0F 19 75 i 835 422 5 - (L4

030005-5



50,030005 MM SYBIZHRE www. opticsjournal. net

SRAFAEVE 22 [0 L5 PR

D) fESL 7Ol E R T B TTRR A R A A AR B L IS TS QOB S SR I R OC & . (EDe 2 R 5 e
I BRI AIL R AT AN 375 WA o BRI v Bl P 45 K 2R R R LR o B ST A B LR A A AL i e — B A

2) B IR BE MR B BORFIR 372 SR T DUAT Rt e i '~ 2 1w 75 U (H RS RE 5 4 BH 1R 15 e W1 i
PR ATy HE— 25 WS A 3 R RE UM T 2 M0 95 T 0BT I AR 97 2 BB R IR 7 2 P T2

3) BUA B9T5 Je i I HOR © 4 AT DT T3 B Btk 0 BRI S804 » X 0l 27 T A7 3 s A AT 3 450 4 ke i)
EIE=A 0 9 A7 i 473 28 A B R B AR 77 A 2R o IF 8 4 36 B9 90 405 7 36 A 3 S 00 it — 28 Dl /D i 1 el R
bl G RINEE I

& F X
1 A. Barty, K. A. Goldberg. The effects of radiation induced carbon contamination on the performance of an EUV
lithographic optic[C]. SPIE, 2003, 5037 450~459
2 J. Pankert, R. Apetzl, K. Bergmann e al.. Integrating Philips’ extreme UV source in the alpha-tools[ C]. SPIE, 2005,
5751: 260~271
3 P. A. Grunow, L. E. Klebanoff, S. Graham et al.. Rates and mechanisms of optic contamination in the EUV Engineering
Test Stand[C]. SPIE, 2003, 5037 418~428
4 H. Takase, S. Terashima, Y. Gomei et al.. Study of ruthenium-capped multilayer mirror for EUV irradiation durability
[C]. SPIE, 2006, 6151 855~858
5 T. E. Madey, N. S. Faradzhev, B. V. Yakshinskiy ez al.. Surface phenomena related to mirror degradation in extreme
ultraviolet (EUV) lithography[J]. Appl. Surf. Sci., 2006, 253(4): 1691~1708
6 K. Hamamoto, Y. Tanaka, T. Watanabe et al.. Outgassing characteristics of structural materials and the removal of
contaminants from EUVL masks using 172-nm radiation[J]. J. Photopolymer Sci. Technol. , 2004, 17(3). 367~372
7 T. Watanabe, H. Kinoshita, H. Nii et al.. Photoinduced outgassing from the resist for extreme ultraviolet lithography by
the analysis of mass spectroscopy[J]. J. wA. sci. Technol. B, 2001, 19(3): 736~742
8 H. Hada, T. Watanabe, K. Hamamoto et al.. Evaluation of resists outgassing by EUV irradiation[ C]. SPIE, 2004,
5374. 686~694
9 I. Pollentier. Study of EUV resist outgassing/contamination for device integration using EUVL processes [ J]. J.
Photopolymer Sci. Technol., 2010, 23(5): 605~612
10 B. V. Yakshinskiy, 1. Nishiyama, A. Wueest ez al.. Surface phenomena related to degradation of EUV mirrors:
interaction of ethyl alcohol with ruthenium surfaces[ C]. SPIE, 2008, 6921: 69213E
11 R. Wasielewski, B. V. Yakshinskiy, M. N. Hedhilier al.. Surface chemistry of Ru: relevance to optics lifetime in EUVL
[C]. SPIE, 2007, 6533. 653311
12 K. Boller, R. P. Haelbich, H. Hogrefe e al.. Investigation of carbon contamination of mirror surfaces exposed to
synchrotron radiation[ J|. Nuclear Instruments and Methods in Physics Research, 1983, 208(1-3); 273~279
13 J. Hollenshead, L. Klebanoff. Modeling radiation-induced carbon contamination of extreme ultraviolet optics[J]. J. Vac.
Sci. Technol. B, 2006, 24(1). 64~82
14 R. Kurt, M. van Beek, C. Crombeen et al.. Radiation-induced carbon contamination of optics[C]J. SPIE, 2002, 4688
702~709
15 S. Matsunari, T. Aoki, K. Murakami e a/.. Carbon deposition on multi-layer mirrors by extreme ultra violet ray
irradiation[ C]. SPIE, 2007, 6517 65172X
16 S. B. Hill, N. S. Faradzhev., C. S. Tarrio e al.. Measuring the EUV-induced contamination rates of TiO,-capped
multilayer optics by anticipated production-environment hydrocarbons[ C]. SPIE, 2009, 7211; 727111
17 S. B. Hill, N. S. Faradzhev, L. J. Richter et al.. Complex species and pressure dependence of intensity scaling laws for
contamination rates of EUV optics determined by XPS and ellipsometry[ C]. SPIE, 2010, 7631; 76310E
18 S. B. Hill, N. S. Faradzhev, L. ]J. Richter e¢ al.. Optics contamination studies in support of high-throughput EUV
lithography tools[ C]. SPIE, 2011, 7961. 79612M
19 B. V. Yakshinskiy, S. Zalkind, R. A. Bartynskiet al.. Carbon film growth on model electron-irradiated MLLM cap layer:
interaction of benzene and MMA vapor with TiO, surface[C]. SPIE, 2009, 7271. 727110
20 B. V. Yakshinskiy, M. N. Hedhili, S. Zalkind e a/.. Radiation-induced defect formation and reactivity of model TiO,
capping layers with MMA; a comparison with Ru[C]. SPIE, 2008, 6921: 692111
21 M. E. Malinowski, C. Steinhaus, M. Clift et al.. Controlling contamination in Mo/Si multilayer mirrors by Si surface-
capping modifications[ C]. SPIE, 2002, 4668 442~453

030005-6



50,030005 MM SYBIZHRE www. opticsjournal. net

22 J. Hollenshead, L. Klebanoff. Modeling extreme ultraviolet H, O oxidation of ruthenium optic coatings[J]. J. Va. Sci.
Technol. B, 2006, 24(1); 118~130

23 P. A. Thiel, T. E. Madey. The interaction of water with solid surfaces: fundamental aspects[J]. Surface Science
Reports, 1987, 7(6-8): 211~385

24 1. Nishiyama. Model of Ru-surface oxidation for the lifetime scaling of EUVL projection optics mirror[ C]. SPIE, 2006,
6151 129~138

25 Y. Gomei, H. Takase, T. Aokiet al.. Scaling law in acceleration test of extreme ultraviolet lithography projection optics
mirror contamination[ J]. J. Vac. Sci. Technol., 2005, 23(6); 2848~2851

26 L. E. Klebanoff, M. E. Malinowski, P. Grunow et al.. First environmental data from the EUV engineering test stand
[C]. SPIE, 2001, 4343 342~346

27 Y. Kakutani, M. Niibe, Y. Gomei et al.. Inhibition of contamination of Ru-capped multilayer mirrors for extreme
ultraviolet lithography projection optics by ethanol[J]. Jpn. J. Appl. Phys. Part 1, 2007, 46(9BSD : 6155~6160

28 N. Koster, B. Mertens, R. Jansen et al.. Molecular contamination mitigation in EUVL by environmental control[]].
Microelectronic Engineering ,» 2002, 61(2): 65~76

29 L. E. Klebanoff, W. M. Cliff, M. E. Malinowski e al.. Radiation-induced protective carbon coating for extreme
ultraviolet optics[J]. J. Vac. Sci. Technol. B, 2002, 20(2): 696~703

30 K. Koida, M. Niibe, Y. Kakutani et al.. Protection from surface oxidation of Ru capping layers for EUVL projection
optics mirrors by introducing hydrocarbon gas[ C]. SPIE, 2008, 6921 69211

31 H. Meiling, B. Mertens, F. Stietz et al.. Prevention of MoSi multilayer reflection loss in EUVL tools[ C]. SPIE, 2001,
4506 93~104

32 K. Murakami, T. Oshino, H. Kondo et al.. Development of EUV lithography tool technologies at Nikon[ C]. SPIE,
2012, 8322. 832215

33 S. Bajt, N. V. Edwards, T. E. Madey. Properties of ultrathin films appropriate for optics capping layers exposed to high
energy photon irradiation[ J]. Surface Science Reports. 2008, 63(2): 73~99

34 H. Meiling, V. Banine, P. Kuerzet al.. The EUV program at ASML: an update[C]. SPIE, 2003, 5037 24~35

35 S. A. Bajt, H. N. Chapman, N. Nguyen e al.. Design and performance of capping layers for extreme-ultraviolet
multilayer mirrors[J]. Appl. Opt., 2003, 42(28): 5750~5758

36 S. Yulin, N. Benoit, T. Feigl et al.. Mo/Si multilayers with enhanced TiO,- and RuQ,-capping layers[ C]. SPIE, 2008,
6921. 692118

37 S. Bajt, Z. R. Dai, E. J. Nelson et al.. Oxidation resistance of Ru-capped EUV multilayers[ C]. SPIE, 2005, 5751:
118~127

38 S. Graham, C. Steinhaus, M. Cliftet al.. Radio-frequency discharge cleaning of silicon-capped Mo/Si multilayer extreme
ultraviolet optics[J]. J. Vac. Sci. Technol. B, 2002, 20(6): 2393~ 2400

39 S. Graham, M. E. Malinowski, C. E. Steinhaus et al.. Studies of EUV contamination mitigation[C]. SPIE, 2002, 4688
431~441

40 M. Malinowski, P. Grunow, C. Steinhaus et al.. Use of molecular oxygen to reduce EUV-induced carbon contamination of
optics[ C]. SPIE, 2001, 4343 347~356

41 K. Hamamoto, S. Takada, T. Watanabe et al.. Investigation of contamination removal from finished EUVL mask[]J]. J.
Photopolymer Sci. Technol. , 2003, 16(3): 395~399

42 K. Hamamoto, Y. Tanaka, T. Watanabe et al.. Cleaning of extreme ultraviolet lithography optics and masks using
13.5 nm and 172 nm radiation[J]. J. Vac. Sci. Technol. B, 2005, 23(1): 247~251

43 T. Aoki, H. Kondo, S. Matsunari e al.. Apparatus for contamination control development in EUVA[C]. SPIE, 2005,
5751(1); 1137~1146

44 K. Tanaka, K. Hamamoto, N. Sakaya et al.. Cleaning characteristics of contaminated Imaging optics using 172 nm
radiation[ J]. Jpn. J. Appl. Phys. Part 1, 2007, 46(9BSD : 6150~6154

45 S. Graham, C. Steinhaus, M. Clift ez al/.. Atomic hydrogen cleaning of EUV multilayer optics[ C]. SPIE, 2003, 5037
520~529

46 H. Oizumi, H. Yamanashi, 1. Nishiyama et al/.. Contamination removal from EUV multilayer using atomic hydrogen
generated by heated catalyzer[C]. SPIE, 2005, 5751 1147~1154

47 1. Nishiyama, H. Oizumi, K. Motai et al.. Reduction of oxide layer on Ru surface by atomic-hydrogen treatment[J]. J.
Vac. Sci. Technol. B, 2005, 23(6). 3129~3131

48 K. Motai, H. Oizumi, S. Miyagaki et al.. Atomic hydrogen cleaning of Ru-capped EUV multilayer mirror[ C]. SPIE,
2007,6517; 65170F

030005-7



