wo 2016/007312 A3 |[IN I N0F V00 00O RO O 0

(43) International Publication Date

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2016/007312 A3

14 January 2016 (14.01.2016) WIPOI|PCT
(51) International Patent Classification: Diego, CA 92127-2413 (US). LAFORGE, Andrew;
G21B 1/00 (2006.01) G21K 5/08 (2006.01) 17075 Thornmint Court, San Diego, CA 92127-2413 (US).
F 7/20 (2006.01 Hi 2 2006.01
GOF 7720( ) 05G 2/00 ( ) (74) Agent: NGUYEN, Joseph, A.; Cymer, LLC, Corporate
(21) International Application Number: LP. Dept., M/S 4-2D, 17075 Thornmint Court, San Diego,
PCT/US2015/037799 CA 92127-2413 (US).
(22) International Filing Date: (81) Designated States (uniess otherwise indicated, for every
25 June 2015 (25.06.2015) kind of national protection available): AE, AG, AL, AM,
25) Filing L . Enolish AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(25) Filing Language: nglis BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM,
(26) Publication Language: English DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
o HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
(30) Priority Data: KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME, MG,
14/325,153 7 July 2014 (07.07.2014) us MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ, OM,
(71) Applicant: ASML NETHERLANDS B.V. [NL/NLJ; (a PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, 84, SC,
Netherlands Corporation), P.O. Box 324, NL-5500 AH SD, SE, SG, SK, SL, SM, ST, 8V, S8Y, TH, TJ, TM, TN,
Veldhoven (NL). TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.
(72) Inventors: TAO, Yezheng; 17075 Thornmint Court, San (84) Designated States (unless otherwise indicated, for every
Diego, CA 92127-2413 (IJS) STEWART, John, Tom., kind Of regional protection available): ARIPO (BW, GH,
IV; 17075 Thornmint Court, San Diego, CA 92127-2413 GM, KE, LR, LS, MW, MZ, NA, RW, 8D, SL, ST, SZ,
(US). JUR, Jordan; 17075 Thornmint Court, San Diego, TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
CA 92127-2413 (US). BROWN, Daniel; 17075 Thorn- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
mint Court, San Diego, CA 92127-2413 (US). DK, EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
ARCHAND, Jason, M.; 17075 Thormmint Court, San LR’/[» I\T’[Ig MIZ»P 11\4213% NOI;PL’ PT’IROMRS» :E’ IS\II SK,
Diego, CA 921272413 (US). SCHAFGANS, Alexander, éw KN)[ ?/[L M(R f\IEJ’sgr ’TCDG’TS . CM, GA, GN, GQ,
A.; 17075 Thronmint Court, San Diego, CA 92127-2413 > > > - NE, SN, TD, TG).
(US). PURVIS, Michael, A.; 17075 Thornmint Court, San
[Continued on next page]
(54) Title: EXTREME ULTRAVIOLET LIGHT SOURCE
301
305
Y
3048 304b 306\ 330
SEED GATING AMPLIFIER
e AN -—-{—» MODULE -—T-»w-——» —————————
303 35 308
309
[
312
¥
CONTROLLER

317

ELECTRONIC
PROCESSOR
318

ELECTRONIC
STORAGE
319

FIG. 3A

(57) Abstract: An initial pulse of radiation is generated; a section of the initial pulse of radiation is extracted to form a modified
pulse of radiation, the modified pulse of radiation including a first portion and a second portion, the first portion being temporally
connected to the second portion, and the first portion having a maximum energy that is less than a maximum energy of the second
portion; the first portion of the modified pulse of radiation is interacted with a target material to form a modified target; and the
second portion of the modified pulse of radiation is interacted with the modified target to generate plasma that emits extreme ultravi -
olet (EUV) light.
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Box No. 11 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. E] Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an_
extent that no meaningful international search can be carried out, specifically:

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. Il Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group I: Claims 1-13 drawn to method comprising generating an initial pulse of radiation.
Group |I: Claims 14-16, drawn to a method of generating extreme ultraviolet (EUV) light.
Group Il Claims 17-23, drawn to an extreme ultraviolet (EUV) system.

-- see extra sheet

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims. )

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

&

No required additional search fees were txmely paid by the applicant. Consequently, this international search report is

restricted to the invention first mentioned in the claims; it is covered by claims Nos.:
1-13

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.
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Continuation of Box No. lli -- Observations where unity of invention is lacking

The inventions listed as Groups | through Iil do not relate to a single general inventive concept under PCT Rule 13.1 because, under
PCT Rule 13.2, they lack the same or corresponding special technical features for the following reasons:

Special Technical Features )
Group | includes the special technical feature of the first portion having maximum energy that is less than a maximum energy of the
second portion, not included in the other groups.

Group |l includes the special technical feature of the target being expanded spatially prior to reaching the target location, not included in
the other groups. .

Group Il includes thq special technical feature of a modulator configured to receive the beam of light emitted from the light source, not
included in the other groups.

Common Technical Features: : . '

The only technical features shared by Groups |-l that would otherwise unify the groups, are a pulse of radiation, directing a pulse of
radiation toward the target location, the pulse of radiation comprising a first portion and a second portion being temporally related;
interacting the first portion of the modified pulse of radiation with a target material to form a modified target; and interacting the second
portion of the pulse of radiation with the modified target to generate plasma that emits EUV light. However, these shared technical
features do not represent a contribution over prior art, because the shared technical features are disclosed by US 2005/0258768 A1 to
Gaebel et al. (hereinafter Gaebel)

Gaebel discloses a pulse of radiation (para [0010], a pulsed high-energy beam), directing a pulse of radiation toward the target location,
the pulse of radiation comprising a first portion and a second portion being temporally related; interacting the first portion of the modified

" pulse of radiation with a target material to form a modified target (para [0010), [0012], a target flow that is provided in a reproducible
manner are made to interact with a pulsed high-energy beam...an additional energy beam is directed on the target flow spatially in
advance of its interaction with the high-energy beam...The additional energy beam is advantageously split off from the high-energy
beam); and interacting the second portion of the pulse of radiation with the modified target to generate plasma that emits EUV light.(para
[0010], generation of extreme ultraviolet (EUV) radiation...the target flow is excited at an interaction point...by the high-energy beam for
generating a hot, radiating plasma). .

As the technical features were known in the art at the time of the invention, these cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Groups I-.III lack unity under PCT Rule 13.
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