US009411238B2

az United States Patent (0) Patent No.:  US 9,411,238 B2
Yakunin et al. 45) Date of Patent: Aug. 9, 2016
(54) SOURCE-COLLECTOR DEVICE, (51) Imnt.ClL
LITHOGRAPHIC APPARATUS, AND DEVICE HO5G 2/00 (2006.01)
MANUFACTURING METHOD GO3t" 7/20 (2006.01)
G2IK 1/06 (2006.01)
(71) Applicant: ASML Netherlands B.V., Velhoven (52) US.ClL
(NL) CPC ........ GO3F 7/70033 (2013.01); GO3F 7/70166
(2013.01); GO3F 7/70191 (2013.01);
(72) Inventors: Andrei Mikhailovich Yakunin, Mierlo (Continued)
(NL); Vadim Yevgenyevich Banine, (58) Field of Classification Search
Deume.(N L); Johannes Hubertus CPC ... HO5G 2/003; HO5G 2/008; HO5G 2/005;
Josephina Moors, Helmond (NL); Jan HO5G 2/006; HO5G 2/001; G02B 5/0891;
Bernard Plechelmus Van Schoot, GO02B 5/10; GO2B 5/1838; GO2B 5/1857;
Eindhoven (NL); Martinus Cornelis GO02B 19/0047; GO2B 19/0095; G02B
Maria Verhagen, Valkenswaard (NL); 27/4244; GO2B 27/0983; G21K 1/062
Olav Waldemar Vladimir Frijns, USPC ... 250/504 R, 493.1,396 ML, 492.2, 423 P,
Rosmalen (NL); Vladimir Mihailovitch 250/426, 492.1, 503.1, 237 G; 355/67, 77,
Krivtsun, Troitsk (RU); Gerardus 355/53; 378/119, 34
Hubertus Petrus Maria Swinkels, See application file for complete search history.
Eindhoven (NL); Michel Riepen, (56) References Cited
Veldhoven (NL); Hendrikus Gijsbertus
Schimmel, Utrecht (NL); Viacheslav U.S. PATENT DOCUMENTS
Medvedev, Moscow (RU)
2,920,234 A *  1/1960 Luce .....ccccoevvenrnee HOSH 1/16
. R 164/DIG. 4
(73) Assignee: ASML NETHERLANDS B.V., 3,450,925 A *  6/1969 Johnson ... HO1J 61/125
Veldhoven (NL) 313/110
(*) Notice: Subject to any disclaimer, the term of this (Continued)
patent is extended or adjusted under 35
U.S.C. 154(b) by 29 days FOREIGN PATENT DOCUMENTS
) WO WO 2009/077943 6/2009
. International Search Report and Written Opinion mailed Oct. 18,
(22) PCT Filed: Jan. 10, 2013 2013 for corresponding International Patent Application No. PCT/
EP2013/050406 (19 pages).
(86) PCT No.: PCT/EP2013/050406 (Continued)
(§2§Z)lagg(l)’ Jul. 17. 2014 Primary Examiner — David A Vanore
’ e (74) Attorney, Agent, or Firm — Pillsbury Winthrop Shaw
(87) PCT Pub.No.. WO02013/107686 Pittman LLP
PCT Pub. Date: Jul. 25, 2013 (57) {&BS,TRACT . .
A source-collector device includes a target unit having a
(65) Prior Publication Data target surface of plasmg-fprmir}g material and a laser unit to
generate a beam of radiation directed onto the target surface
US 2014/0375974 Al Dec. 25, 2014 to form a plasma from said plasma-forming material. A con-
taminant trap is provided to reduce propagation of particulate
contaminants generated by the plasma. A radiation collector
Related U.S. Application Data includes a one or more grazing-incidence reflectors arranged
(60) Provisional application No. 61/587,965, filed on Jan. to collect radiation emitted by the plasma and form a beam

18, 2012, provisional application No. 61/595,981,
filed on Feb. 7, 2012, provisional application No.
61/672,076, filed on Jul. 16, 2012.

therefrom, and a filter is configured to attenuate at least one
wavelength range of the beam.

8 Claims, 9 Drawing Sheets




