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Systems and Methods for Buffer Gas Flow Stabilization in
A Laser Produced Plasma Light Sourge
5
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CROSS-REFERENCES TO RELATED APPLICATIONS

The present application claims priority to United States Uiility Patent
Application Serial Number 13/156,188 filed on June §, 2011, entitled “SYSTEMS
AND METHODS FOR BUFFER GAS FLOW STABILIZATION IN A LASER
PRODUCED PLASMA LIGHT SOURCE,” Attorney Docket No. 2010-0620-01,

the entive contents of whish are hereby incorporated herein by reference,

FELD
The present application relates to extreme ultraviolet ("EUVYY) light sources
providing EUV light from a plasma created from a soures material and collected and
dirgcted to an infermediate location for wtilization outside of the ELV light souwree
chamber; e.g., for semiconductor jntegrated ehrewit manufactwring photolithography

£.g., at wavelehgths of around [000m and below,

BACKGROUND

Extreme ultraviclet (PEUV™Y light, e.g, clectromagnetic radigtion having
wavelengths of around 5-100 nat or less {also sometimes referved to as soft x-rays),
and including Hght at a wavelength of about 13 nriy, can be used in photolithography
provesses to produce extromely small features fu substrates, e, silicon wafers.

Methods to praduce BUV Haht lsclude, but are riot necessarily lmited to,
comverting 3 target material info a plasma state that has an element, e.g., xenon,
lithium or tin, with ap emission Hne in the BUV range,

In one such method, offen termed laser produced plasma (PLPP), the
required plasma can be produced by tradiating a target material, for example in the
form of a droplet, stream or chuster of material, with a laser beam. In this regard,
0, lasers oulputting light at middle infra-red wavelengths, Le., wavelengths in the
range of about 9.0wm to 11.0pm, may preseut cevtain advantages as a drive laser

irradiating a target naterial in an LPP process, This may be sspecially true for
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certain target materials, for example, materials containing tin, One advaniage may

,...

include the ability to produce a relatively high conversion efficiency between the
drive laser input power amd the outpit EUV power,

for LPP processes, the plasma is typically produced o g sealed vessel such

5 as a vaouum chamber, and monitored using vavious types of metralogy equipment,
In addition fo generating BUV radistion, thess plasma processes slso iypically
generate undesirable by-products in the plasma chamber which can include hest,
high energy jons and seatiered debris from plasma formation such as sourcs materiat
vapor and/or clumpsimicrodroplets of source material that is not fully fonized in the

10 plasma formation process.

Unforfunately, plasma formation by-producis can potentially damage or
reduce the ﬂpen‘a.i‘imai efficiency of the varlous plasma chamber optical slements
imncluding, but not Hmited to, mirrors ineluding roulti-layer mivvors (MLM's) capable
of BUV refleciion at normal incidence and / or grazing incidence, the surfacss of

15 maetrology detectors, windows used to image the plasma formation process, and the

o 5

laser foput optic, which may, for example, be a window or focusing le

The heat, high energy tons and/or sourse material debris may be damaging o

the optical elements in a number of ways, including heating them, coating them with
materials which reduce Tight transmission, penetrating into them and, e.g., damaging

20 structwral integrity andior optical properties, ¢.g, the ability of a mijrror to reflect

light at such short wavelengths, corroding or sroding them snd/or diffusing into

The use of g buffer gas such as bydvogen, helium, argon or combinations

thereof has been suggested. The buffer gas may be present in the chamber during

25 plasma production and may act o slow plasma coreated lous to reduce optic
degradation and / or increase plasma efficiency, For example, a buffer gas pressurs
aufficient to reduce the ion energy of plasma generated fons fo below about 100V
hefore the tons reach the surface of an optic may be provided in the space between
the plasms and optie.

30 In some implementations, the buffer gas may be infroduced into the vacuum

chamber and removed therefrom using one or more pusips.  This may allow heat,
vaper, cleaning resction products and / or particles to be removed from the vacuum

chamber. The exhausted gas may be discarded or, In some cases, the gas may be
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processed, e.g. filtered, cooled, efc, and reused.  The buifer gas flows can also be
used (o direct particles away from eritical surfaces such as the surface of the mirrors,
fenses, windows, detectors, ete.  In this regard, twbulent flows which can be
characterized as having esddies, whigh can include fluid swirtling and be

5 aceoinpanied by » reverse current, are undesirable becamse they may include flows
that are dirscted toward a critical muface. These reverse curvent flows may increass
surface deposits by transporting material to critical surfaces. Turbulent flows can
also de-stabilize a target material 'iiopiet stream in g somewhat random manner, In
general, this destabilization cansot be easily compensated for, and as 4 consegquence,

10 may adversely affoct the ability of the light source to successfully bradiate velatively
small target material droplets acourately.

Removal of deposits from optics in an LPP light source using one or more
chentical species having a chemical activity with the deposited material have been
supgeated.  For exampie, the use of halogen containing compomds such as

15 bromides, chlorides, efo has been disclosed. When tin is nchuded in the plasma
target material, one promising cleaning technigue involves the use of hydrogen
vadicals to remove tn and tin-containing deposits from anoptic. In one mechanism,
hydrogen radicals combine with deposited tin forming a tin hydiide vapor, which
can then be removed from the vacuum chamber. However, the tin hydride vapor can

decompose and radeposit tin if It s divected back towind the optic’s seface, for

.

example, by a reverse current generated by a turbulence eddy. Thiy, in turn, implies
that ¢ reduced-turbulence flow {and if possible 2 lamidar flow) that is directed away
from the surface of an optic may reduce re-deposition by cleaning reaction product

decomposition.

o
L

With the above in mind, Applicants disclose systems and methods for buffer

gas flow stabilization i a laser produced plasma light souree,
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a simplified schematic view of an EUV light source coupled
with an exposure device: the light source having a system for guiding a gas How
argund au optic generally along beam path and toward the frradiation region while

§  maintaining the gas in a substantially torbulent free state;

Fig. 2 shows an enlarged portion of the EUV light source shown in Fig, 1

showing the gas flow system in greater detail;

Fig. 3 shows a simplified schematic view of another embodiment of a gas
flow systern having a shroud;
i Fig, 4 shows g simplified schematic view of another embodiment of a gas

flow systemn having Hlow guldes which extend into the gas flow from a tapsring

nyembe iy

Fig. 5 iz a cross-section as seen along fne §-8 in Fig. 4 showing the How

gukdes gnd gas lines;

—
Lo

Pig. SA is a cross-section as seen along line §-5 in Fig. 4 showing an

alternative arrabgement of flow guides and gas Haes;

Fig. 6 showws a simplified schematic view of another embodiment of a gas
flow system having a shroud and flow guides which extend into the gas flow from
the shroud;

v\

20 Fig. 7 15 a gross-section 8s seon slong line 7-7 i Fig. 6 showing the flow
guides; and

Fig, 8 shows a stmplified schemstic view of snother eyabodiment of a gas

flow systein having taperiug member for smoothing a sharp comer in a cylindeical

houstug,
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DETAILED DESCRIPTION

With initial reference to Fig 1 there is shown a simplified, schematic,

sectional view, according to one aspect of an smbodiment, of selected portions of an

3 BUYV photolithography apparatus, generally designated 10, The apparatus 10 may

be used, fr example, to gxpese a substrate such as a resist coated wafer, flat panel
workpiece, sic., with a paterned beam of EUV light,

For the apparatus 18 an exposure devies 12 utilizing BUV light, (e, an
integrated cirouit lithography tool such as a stepper, scanner, step and scan system,

16 direct write system, device using 8 contact and / or proximity mask, ste...) may be
provided having one or more optics, for example, 1o Huminate a patterning optic,
such as a reticle, to produce a patterned beam, and one or more reduction projection
optic(s), for projecting the patterned besm onfe the substrate. A mechavical

assembly may be provided for gensrating a controlled relative movement bebveen

15 the substrate and patterning means,

As used herein, the term “optic” and #is derivatives includes, but Is ot
necessarily limited to, one or more counponents which reflect and/or transmit and/or
operate on inecident Hght and includes, but is not Hmited fo, one or more lenses,
windows, filters, wedges, prisms, grisms, gradings, tranamission fibers, otalons,

0 diffusers, homogenizers, detectmrs and other Wstrument components, apertures,
axicons and mirrors ncluding multi-layer mirrovs, pearnormal incidence mirrors,
grazing incidence mirrors, specular veflectors, diffuse reflectors and combinations

thereof, Moreover, unless otherwise specified, neither the term “optie” nor its
derivatives, as used herein, are meant to be liniled to components which operate

25 solely or t¢ advantage within one or wore speoific wavelength range(s) such as at
the BUV output light wavelength, the lradiation laser wavselength, a wavelength
suitable for metrology or sone other wavelength.

~

Fig, 1 illastrates a specific example in which an apparatus 10 Includes an
LPP light source 20 for producing BUV light for substrate exposure. As shown, a
30 system 21 for generating 8 train of light pulses and delivering the Hght pulses into a
light source chamber 26 may be provided. For the apparatus 10, the light pulses

may tavel along one of more beam paths 27 from the system 21 and info the
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chamber 26 to illuminate one or more targets at an frradiation region 48 to mroduge
an BUV light output for substrate exposurg in the exposure devige 12,
Suitable lasers for use in the system 21 shown in Fig. 1, may include a

pulsed laser device, s.g, a pulsed pas discharge CO, luser device producing

radintion in range betwesn 9 and 11pm, e.g., with DC or RF excitation, operating at

e

relatively high power, e.g, 10kW or higher and high pulse repetition rate, eg,
40kHz o mows. In one particelar Implementation, the laser may be an axiab-flow
RF-pumped CO: laser having an oscillator-amplifier configuration (e, master
pacillator / power amplifier (MOPA) or power oscillator / power amplifier (POPAY)
10 with muitiple stages of amplification and having a seed pulse that is initated by a -
switched oscillator with relatively low energy and high repetition e, ¢.g., capable
of 100 kHz operation, From the oscillator, the laser pulse may then be amplified,
shaped and / or focused before vesching the irradiation region 48 Continnously
pumped COy amplifiers may be used for the laser system 21, For example, a
15 suitable Ty laser device having sn oscillator and thres amplifices (O-PAL-PA2-
PA3 configurstion) is disclosed in U.S. Patent Application Serial Number
£1/174,299 filed on Jume 29, 2005, entitled, LPP EUV LIGHT SQURCE DRIVE
LASER SYSTEM, Attorney Docket Mumber 2005-0044-01, now U.S. Patent Nuo,
7,439,530, issued on October 21, 2008, the entire contents of which are hereby
26 incorporated by refersnce hersin,

Alternatively, the laser nwy be configured as a so-salled “self-targeting”
laser system in which the droplet serves as one mirror of the optical cavity. In soine
“self-targeting” anangenents, an oscillator may not be requived. Self-targeting laser
systems are disclosed and clelmed o US, Palent Application Serial Nuwntber
11/580,414 filed on Qctober 13, 2006, entitled, DRIVE LASER DELIVERY
SYSTEMS FOR BUV LIGHT SOURCE, Attoraey Docket Number 2006:0023-01,

e
ks

oy

now LS. Patent No, 7,491,954, issued on Fehruary 17, 2009, the entire contents of
which are hereby incorporated by reference herein,

Diepending on the application, other types of lasers may also be sultable, g,

30 an excimer or molecular fluorine laser operating at high power and bigh pulse

sepetition rate, Other examples include, a solid state laser, e.g., having a fiber, rod,

sfab, or disk-shaped sctive media, other lasey architecturss having one or more

chambers, e.g., an oscillator chamber and one or more amplifying chambers (with
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the amplifyiing charobers in parallel or in series), & master oscillator/power oseillator
(MOPO) arrangement, a master oscillator/power ring  aniplifier (MOPRA)

arrangemient, or » solid state laser thut seeds one or mors excimer, molecular

fluoring or CO; amplifier or escillator chambers, may be suitable. Uther designs
s may be sultable.

In some instances, a target may first be frradiated by a pre-pulse and
shereafter frradiated by a mzin polse.  Pre-pulse and main pulse seeds may be
generated by a single oseillator or two separate oscillators. In some selups, one or
more common amplifiers may be used to amplify both the pre-pulse seed and main

16 pulse seed. For other arangenients, separate amplifiers may be used to amplify the
pre-pulse and main pulse seeds. For example, the seed faser may be a CO; laser
having a sealed gas including COy at sub-atmospheric pressure, e.g., §.05 - §.2amm,
that is pumped by a radio-frequency {RF} discharge. With this arrangement, the

seud lassr may self-tune to one of the dominant lings such as the 0P (20) line

_—
(¥4
5“

having wavelength 10.5918332um. I some cases, Q switching may be emplayed
control seed pulse parameters.

The amplifier may have two {(or more} amplification units each having its
st chamber, active media and excitation souree, e.g., pumping elecirodes. For
example, for the vase where the seed haser inchudes a gain media including CO;y, as

20 desgribed above, suliable lassrs for use as amplification units, may include an active
media contaiiing ©0; gas that is pumped by DC of RY exeitation. In one particular
implementation, the amplifier may nclude a plurality, such as three to five, axial-
flow, RE-pumped (continuous or pulsed) CO, amplification units having a total gain

length of ahout 1023 meters, and operating, in concert, at relatively high

(a3
2

2.5, 10kW or higher. Other fypes of anaplification units may have a slab geomstry
or co-axial geometry (for gas media), In some cases, a solid state active media may
be emploved, wsing rod or disk shaped gain modules, or — fiber based gain media.
The laser system 21 may nglade a beam conditioning umit having one or
more optics for beam conditioning such ay expanding, steering, and/or shaping the
30 beamt between the laser source system 21 and ivadiation site 48, For example, a
stesring system, which may include one or more nurors, prisms, lenses, spatial
filters, etc., may be provided and arranged fo steer the laser focal spat to different

focations in the chamber 26, Tn one setup, the steering systemn may include a first
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flat mirror mounted on a tp-tlh sctuator which may move the fisst mirror
independently in tvo dimensions, and a second flat mirvor mounted on g tiptih
actoator which may movs the second mirror independently in two dimensions. With

this arrangempent, the steerlng system may controtlably move the focal spot in

LA

directions substantially orthogonal to the direction of beam propagation.

A focusing assembly may be provided to focus the beam to the irradiation
site 48 and adjust the position of the focal spot along the beam axis. For the
focusing assembly, an optic 50 such as a focusing lens or mirvor may be used that is
coupled to an actuater 52 (shown in Fig 2¥ such as g stepper motar, serve motor,
16 piezoslectric hansducer, ote., for movement in a direction along the beam axis to

move the focal spot glong the beam axis. In one arrangement, the optic S0 may be a
P77mam lens made of optical grade ZnSe and having a clear apertwre of about
135mm.  With this arrangement, a beam having a diameter of about 120mm can be
comfortably focused.  Forther detalls regarding beam conditioning systems are
15 provided in U8, Patent Application Serial Number 10/8{13,526, filed on Mareh 17,
2004, entitled A HIGH REPETITION RATE LASER PRODUCED PLASMA EUV
LIGHT SOURCE, Attorney Docket No. 2063-0125-01, now U.S. Patent 7,087,914,
issuad on August 3, 2006; United States Seria! Mumber 10/900,839 filed on July 27,
2004, entitled EUV LIGHT SOURCE, Astorney Docket MNo. 2004-0044-01, now
U.8. Patent 7,164,144, issued on January 16, 2007, and U.S. Patent Application
Serial No. 12/638,092, filed on December 15, 2009, entitled BEAM TRANSPORT
SYSTEM FOR EXTREME ULTRAVIOLET LIGHT SOURCE, Attorney Docket

No. 2009-0029-01, the contents of esach of which are bereby fncorporated by

P
fred

reference.

25 As further shows in Fig. 1, the EUV light source 20 may also inchude a
target material delivery system 90, e.g., delivering droplets of a targel material such
as tin bto the interior of chamber 26 fo hradiation reglon 48, where the droplets will
tntaract with one or mors light pulses, ¢pg., zero, one o more pre-pulses and

thereafter oite or more main pulses from the system 21, o ultivately produce plasima

L
fasi

and gonerate an BUV emission to expose a substrate such as a resist conted waler in
the exposure device 12, More details regarding various droplet dispenser

configurations and thewr relative advantages may be found in U.S, Patent Application

Serial Number 127721317, fled on March 10, 2014, published on Novembsr 25,
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2010, as L& 2010/0294853A1, entitled LASER PRODUCEDR PLASMA EUV
LIGHT SOURCE, Aftorney Docket Wumber 2008-0055-01; United States Serial
Number 12/214,7386, filed on June 1%, 2008, published on September 17, 2009, as
1.8, 2008/023032641, entitled SYSTEMS AND METHODS FOR TARGET
5 MATERIAL DUELIVERY IN A LASER PRODUCED PLASMA EUV LIGHT
SOURCE, Attorney Docket Ko, 2006-0067-02; 118, Patent Application Serial
Number 11/827,803, filed op July 13, 2007, published on January 15, 2009, as U.S.
T009/0014658A 1, entitled LASER PRODUCED PLASMA EUV LIGHT S0URCE
HAVING A DROPLET STREAM PBRODUCED USDEE A MODULATED
10 DISTURBANCE WAVE, Attorney Docket Number 2007-0030-81; 8. Pate
Applcation Serial Number 11/358,988, filed on Febryary 21, 2006, entitled LASER
PRODUCED PLASMA EUV LIGHT SOURCE WITH PRE-PULSE, Atlomey
Docket Number 2005-0085-01, and published on November 16, 2006, as
URI006/0255208A1, LS. Patent Application Serial Number 11/067,124, Hled on
15 Feheomy 25, 20035, entitled METHOD AND APPARATUS FOR EUV PLASMA
SOURCE TARGET DELIVERY, Attorney Docket Number 2004-0008-81; now
U1K, Patent 7,405,416, jssued on July 29, 2008: and U8, Patent Application Serial
Number 11/174,443, filed on June 29, 2005, entitled LPP FUV PLASMA SCURCE
MATERIAL TARGET DELIVERY SYSTEM, Attorney Docket Mumber 20035-

(003-01, now LS. Patent 7,372,056, issued on May 13, 2008; the conterts of gach

[
s

of which are herehy incorporated by reference,

The target material may include, but s not necessarily Hmited fo, a material
that inchudes tin, lithium, xenon or combinstions thereof. The EUV emitting
element, .g., Un, lithium, xenon, etc,, may be in the form of liquid droplets and/or

25 solid particles contained within Houid droplets. For example, the element tin may be
used as purs tin, as 8 tin compound, e.g., SuBry, SnBr, Sntly, as a tin afloy, e.g, -
gallivm alloys, tin-indiwn alloys, tia-indin-gallivm alloys, or a combiation
thereof,  Depending on the material used, the target material may be presented o
the irradiation region 48 at varfous temperatures including roon temperaturs o veay

30 room temperature {e.g., tin alloys, SnBry), at an elevated teraperatuse, {e.g., pure i)
or at femperatures below room temperatre, {e.g, SuHy, and in some cases, can be
relatively volatile, e.g., SuBry. Morve details concerning the use of these materials in

an LPP FUV lght source is provided in U.8. Patent Application Serial MNumber
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11/406,216, filed on April 17, 2006, entitled ALTERNATIVE FUELS FOR EUY
LIGHT SOQURCE, Attorney Docket Number 2006-0003-01, now U8, Patent
7,465,946, issued on December 16, 2008, the contents of which are hereby
incorporated by reference herein.

Continuing with reference in Fig. 1, the apparatus 10 may also include an

A x

EUV controller 60, which may also melude a drive laser control system 65 for
trigpering power input to one or more gain modules (RF generator lanips, fov
example) andfor other laser devices in the system 21 to therehy generate Hght pulses
for delivery into the chamber 26, and /  for controlling movement of optics in the
1 beam conditioning unit, The apparatus 10 may also include a droplet position
detection systern which may include one or more droplet imagers 70 that provide an
sutput indicative of the position of one or more droplets, e.g., elative to the
irradistion region 48. The imager(s) 70 may provide this cutput fo & droplet position
detection feedback systemn 62, which can, e.g., compute & droplet position and
15 trajectory, from which a droplet ervor can be conputed, £.5., on a droplet-by-droplet
basis, of on aveérage. The droplet ervor may then be provided as an inpwt to the
controller 60, which can, for example, provide a position, direction andfor timing
sorrection signal to the system 21 to control a source timing clrcuit andfor to control
movement of optics in the beam conditioning walt, e.g., to change the focal spot
26 logation andlor focal power of the lght pulses being delivered to the irradiation
vegion 48 in the chamber 26, Also for the EUV light smurce 20, the target material
delivery system 90 may have a vontrol system operable in response to a signal
{which in some hmplementations ray include the droplet ervor described sbove, or

some quantity derived therefrond) from the controlier 60, 1o £.g.. modify the release

)
L

point, release timing and / or droplet modulation to corvect for errors in the droplets
arsiving at the desired radiation region 48,

Contimsing with Fig, 1, the apperatus 10 may also inclode su optic 24 such
s & near-novmal incidence collector mirror having a reflective surface in the form of
a prolate spheroid (Le., an sllipse rotated about its major axis) having, e.g., a graded
30 swki-laver coating with alternating layers of Molybdenum and Siticon, and in some
cases, one or more high temperature diffusion bamrier layers, smoothing layers,
capping lavers andior etch stop layers. Fig. 1 shows that the optic 24 may be formed

with an aperturs to allow the light pulses generated by the system 21 to pass through
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and reach the iradiation region 48, As shown, the optic 24 nay be, e.g., a prolate

spheroid mirror that has a fitst focus within or near the jtradistion region 48 and &

second foous at 3 so-called intermediate region 40, where the EUV lght may be

output froni the BUY Hght souvee 20 and input to an exposure device 12 utilizing

5 BUV Hght, a.g., an integrated circuit Hthography tool. A temperature control system

35 may be positioned on or near the backside of the optic 24 to selectively heatand /

or cool the optic 24, For example, the temperature control system 35 (show in Fig,

2} may include a conductive block formed with passages theough which & heat

sransfer fluid may be caused o flow. I is to be appreciated that other optics may bs

10 used in place of the prolate spheroid mirror for collenting and directing light o an

intermediate location for subsequent delivery to a device utiliring EUV lght, for

example, the eptic may be a parsbola rofated about s major axis or may be

configured to deltver o heam having a ving-shaped eross-section to an intermediate

location, see e.g., U.S. Patent Application Serial Number 11/305,177, filed on

15 August §6, 2006, now U8, Patent 7,843,632, issued on November 30, 2010, entitled

EUV OPTICS, Attorney Docket Number 2006-0027-01, the contents of which are
hereby incorporated by reference.

Continuing with Fig. 1, 2 gas 39 may be introduced via lines 102a,b into the

chambér 26 as shown., Also shown, the gas 3% may be divected around optic 30 in

30 the direction of arvevw 104, through an aperiwe formed in the optic 24 for flow

generally along beam path 27 and toward the irradiation region 48 in the direction of

arrow 106, With this arrangement, the flow of gas 39 may reduce the flow /

diffusion of plasma generated debris in a divection toward the optic 24 from the

irradiation site, and, in some cases, may beneficially transport cleaning reaction

x o

2% products, such as Ha hydride, from the surface of optic 24, preventing them from
deconposing and re-depositing sowee material back on the optie’s swriac

In some implementations, the gas 3¢ may include an fon-slowing buffer gas

such as Hydrogen, Helivmy, Argon or combinations thereof, a cleaning gas suchi s a

gas which includes s halogen and / or a gas which reacts to generste a cleaning

30 species. For example, the gas may include Hydrogen or a molecule containing

Hydrogen which reacts to crestie a Hydrogen radical cleaning species. As detailed

m
'm’,)

further below, gas which may be of the same or a different composition as the ga

may be introduced inte the chamber 39 at other lecations to control How patterns
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and / or gas pressure and gas may be removed from the chamber 26 via one or more
pumps such as pumps 41ab,  The gasses may be present in the chamber 26 during
plasina discharge and may act fo slow plasma created fons to reduce optie
degradation and / or crease plasma efficiency. Alternatively, a m&gneﬁc field {not
s shown) may be used alons, or in contbingtion with & buffer gas, to reduce fast ion
damage. In addition, the exhaustion / replenishment of buffer gas may be used o

control femperature, e.g., remove heat in the chamber 26 or cool one or mwore

s
comaponents of opties in the chamber 26, In one arrangement, for an optic 24
distanced from the irradiation region 48 by a closest distance, d; a buffer gas may be

10 caused to flow bhetween the plasma and optic 24 to establish a gas density level
safficient to operate over the distance, d, fo reduce the kinetiv energy of plasma
gancrated fons down to the level below about 100eV before the ions reach the optic
24, This may reduce or eliminate damage of the optic 24 due to plasma generated
ions.

I8 Pumps 41ab may he turbopumps and / or roots blowers. In soms instances,
sxhausted gas may be recycled back into the apparatus 10, For example, a closed
oop flow system (not shown) may he employed to route exhausted gas back into the
apparatus.  The closed loop may inchide one or more filters, heat exchangers,
desomposers, £.g., tin hydride decomposers, and / or pumps). More details

20 regarding closed loop flow paths can be found in U.S, Patent 7,655,925, issued on
Fehruary 2, 2010, entitled GAS MANAGEMENT SYSTEM FOR A LASER-
PRODUCED-PLASMA EUV LIGHT SQURCE, Attorney Docket Number 2067-
003901, and in Application Number PCTVEP10/64140, filed on September 24,
2010, entitled SOURCE COLLECTOR  APPARATUS LITHOGRAPHIC

25 APPARATUS AND DEVICE MANUFACTURING METHOD, Attorney Docket
Number 2010-0022-02, the contents of gach of which arg hereby incorporated by
reference hevain

As best gsen in Fig, 2, a tapeving member 100 which swrounds a volume 158
may be provided. Also shown, a plurality of gas Hines 102a,b may be arranged fo

30 output a gas stream into the volume 1530, Once in the vehume 150, flow is guided
around the optic 50 {which for the embodiment shown is a focusing lens) by the
tapering member 100 producing a substantially tubulent free flow which passe

through an aperture 152 formed in the optic 24 and flows geverally along beam path



WO 2012/170144 PCT/US2012/037363
13

27 and toward the iiradiation region 48 in the direction of arrow 106, For some gas

flows, the operable surfaces of the tapered member may be polished smooth or

otherwise prepared to remove burrs, break sharp edges and have a surface voughness

R, not exceeding 100 wmiorons {pm), preferably not wxceeding about 10 microns
5 {um)

In ons arrangement, the system gegerating § gas How directed toward said
target material along said beam path may flow of Hydrogen gas having a magaitude
excegding 40 standard cubic liters per minute (sclin} that is directed around a lens
(i.e, optic SO) having a diameter greater than 150oun withowt blocking the laser

i heam travelling slong beam path 27, As used hereln, the term “hydrogen™ and its
derivatives include the different hydrogen isotopes (e, hydrogen {(protium),
hydrogen {deuterium) and hydrogen (iritivm) and the tern “bydrogen gas™ includes
isatope combivations (Le. Hy, DH, TH, TD, Dy, and Ta}.

2. 3 shows ancther example of 8 system gengwating 8 gas flow dirgeted

‘f‘;'

:

(¥ (]

arounid an optie 30 (which for the embodiment shown is a focusing lens) and toward
an irradiation region 48 glong g laser bomm path 27, As shown, the system may
include a tapering member 100 surrounding & volume 150 and a plurality of gas
Hoes 102ab arranged to output a gas stream into the vohune 150, For the
arrangsmeant shovwn In Fig, 3, a shroud 200 may be disposed It the aperture 132 of
20 optic 24 and positioned to extend therefrom toward the inadiation region 48. The
shroud 200 may teper In a dirsction toward the frradiation region 48 and in some
cases may be oylindrical. The shroud 200 may function to redace the flow of debris
from the frradiation reglon 48 info the volume 150 whers debrds may deposit on
optic 50 and / ov may function to divect or guide a flow of gas from the volune 150
25 toward the irradiation region 48, The length of the shroud 260 along the beam path
7 may vary from a fow centimeters to 10 or more ceﬁtimeter& I use, pas may be
introduced nto volumie 150 by gas lines 102ah. Once in the volume 156, flow is
guided around the optic 50 by the tapering member 100 producing a substantially
turbulent free flow which passes through an aperture 152 and shroud 200, From
30 shroud 200, gas may then flow generally slong beam path 27 and toward the
irradiation region 48 in the direction of srrow 106,
Fig. 4 shows another example of a system generating a gas flow divected

.

ground an optic 50 (which for the embodiment shown s a fovusing lens) and toward



WO 2012/170144 PCT/US2012/037363
14

an irradiation region 48 along a laser beam path 27.  As shown, the system may
include a tapering member 100 surrounding a volume 150 and a plurality of gas
Hnes 102ab arranged to oufpul a gas stream info the veolume 150, For the
arrangement shown in Figs, 4 sad 5, a plurglity of flow guides 300a-h wmay be
5 attached to or formed integral with the tapering member 100, As shown, each flow
guide 300a-h may project into the volume 150 from the inner wall of the tapering
member 100, Although siglt flow guides are shown, it is to be appreciated that
when flow guides are employed, more than siglt as fow as one may be used. Mot
also, that in some arrangements (e, Fig 2) no flow guides are used. The flow

10 guides may be relatively showt, eg., 1-3 centimeters affecting only flow near the

to or near the focusing light cone emanating from the optic 50, In some

arrangements, the flow guides may be shaped 1o conform with the light cope. Fig.

SA shows another example in which relatively long, rectangular flow guides 3002

15 ¢ are smployed. The flow guides may be uniformly distributed around the

periphory of the tapering member, or the distribution may be nonuniform. In soms

cases, a uniform disteibution may be modified fo accommodate and / or smooth How
around a non-symmetrical flow obstacke, such as the actuator 52 shown in Fig. 2.

Cross referencing Figs. 4 and 5, it can also be seen thst a plutality of gas

20 Hnes 102a-h may be arpanged to output gas into volume 150, Although eight gas

itnes are shown, it s to be appregiated that more thay eight, and as fw as one, may

be wsed. The gas lines mmy uniformly distribwted around the periphery of the

{apering member or the distribution may be nonuniform as shown in Fig. 3A for gas

fines 102a%-¢’, When multiple pas lines are emiployed, the How fhrough cach gas

35 tine may be the same or different from the other gas lines. In some cases, a uniform

distribution of gas lings may be modified and / or relative flow rates bobween gas

Hnes may be modified to accommodate and / or smooth flow around & hon-

synunetrical flow obstacle, such as the actuator 32 shown iy Fig. 2. In use, gas may

be introduced tnte volume 150 by gas Hnes 102a-h, Once i the volume 180, flow is

30 guided arcond the optic S0 by the tapering memwber 100, and How guides 300a-h

praducing a substantially turbulent free flow which passes through an sperture 182,

and then flow generally along beam path 27 and foward the irtadiation region 48 in

the direction of arrow 106,
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Fig. 6 shows another example of a system gencrating a gas flow divected
around an optic 30° {which, for the embodiment shown, is a window) and toward an
wradiation region 48 alpng a laser beam path 27, For the system shown, the window
may be provided to allow a laser from laser system: 21 to be input info a sealed

$  chamber 26, Lens 400 may be disposed outside of chamber 26 to focus the laserto 2
focal spot at the tvadiation regior. In some arrangements (not shows) the lens 400
may be replaced by one or mwwe focusing mirrws, for example and off-axis
parabolic mirror may be employed. As showrn, the system may include & tapering
member 100 surrounding a volume 150 and a phuality of gas hnes 102a,b arvanged

16 tooutput 8 gas stream Into the vodume 158, For the arrangement shown in Fig, 6, 8
shrood 200" may be disposed in the apenure of optic 24 and positioned fo extend
therefrom toward the frradintion region 48, The shroud 200° may taper in a direction
toward the irradiation reglon 48 and in some cases may be cylindrical, The shrowd
2007 may funstion to restuce the flow of debris from the iradiation region 48 into

15 the volume 150 where debris may deposit on oplic 507 and / or may function to
divect or guide a flow of gas from the volume 150 toward the radiation region 48,
The length of the shroud 2007 along the heam axis 27 may vary fiom a fw
centimeters (o 19 or move ceptimeters.

For the arrangement shown in Figs. 6 and 7, a plurality of flow guides 402a-

20 o may be attached to o formed integral with the shroud 200, As shown, sach flow
guide 402a-d say project from the inner wall of the shroud 200, Although four flow
guides are shown, i 38 to be appreciated that when flow guides are emiployed, more
than four as fow as one may be ased.. Note alsy, thet in some arrangements (Le. Fig.
3) no tlow guides are used. The flow guides may be relatively shott, &g, 1-8

25 centimeters affecting only flow near the swetace of the shroud 200 which is typleally
designed 1o be only sHehtly larger than the couverging light cone emanating from
fhe lens 400, In some arangements, the flow guides may be shaped to conform with
the Hght cone. The fow guides may be uniformly distributed arcund the periphery
of the shroud or the distribution may be nountfornt,

30 In use, gas may be introduced into volume 150 by gas lnes 102a,b. Once in
the volame 154, flow is guided avcnnd the optic 3¢ by the fapering member 100
producing a substantially turbulent free flow which passes through a shroud 206 and

flow guides 402a-d remaining substantially twbulent-freg. From shroud 200, gas
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may then flow gensrally along beam path 27 and toward the ircadiation region 48 in

the direction of arrow 108,
Fig. § shows another example of g system generating a gas flow divected
avound an optic 50 {which, fur the embodiment shown, is a foeusing lens) and
s toward an irradiation reglon 48 along a laser beam path 27, As showsn, the system
may inclade a oylindreal housing 500 surrounding o volume 150 and having
velatively sharp corner 502, For the gas flow systeny, a tapering member 1007 may
he positioned to smooth gas flow near corner 502 Fig § also fHusirates that gas
may be introduced st other locations In chamber 26, As shown, a manifold 504 may

10 be provided arcund the periphery of optis 24 1o provide a fow of gas along the
surface of optic 26 in the direction of arrow 508,

it is 1o be appreciated that one or more of the gas flow system features of
Figs. 2-8 may be combined, For example, flow guides 300a (Fig. 4) may be used
with shroud 200 (Fig. 3) or shioud 200 having flow guides 402a-d, stu.

{5 While the pmticular embodiment{s) deseribed and Hlustrated in this patent
gpplication in the detail required to satisty 35 US.C. §112 ave fully capable of
attaining one or more of the above-described purposes for, problems to be solved by,
or any other reasons for or ohjects of the embodiment(s) above-described, it is to be
understoad by those skilled in the art that the above-described embodiment(s) are

20 merely exemplary, illusirative and representative of the subject matter which is
bivadly contemplated by the present application. Beference to an element in the
following Claiins in the singular is not intended o mean nor shall i mean in
interpreting such Claim slement "one and only one” unless explicitly so stated, but
rather "one or more”, Al structweal and functional equivalents to any of the

slements of the gbove-described embodiment{(s} that are known or later come to be

Yot
L

knowa to those of ordinary skill in the asnt are expressly incorporated herein by
reference and ars intended 1o be encompassed by the present Claims. Any term used
in the bpam‘“ cation andfor in the Clabms and expressly given a meaning in the
Spacification andfor Clabns in the present Application shall bave that reaning,
3¢ regavdless of any dictionary or other commonly used meaning for such a torm. It 5
aot intended or necessary for a deviee or method discussed i the Specification as an
embodiment to address or solve sach and every problem discussed In this

Application, for it to be encompassed by the present Claims. No element,
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component, or method step In the present disclosure is intended to be dedicated to
the public regardless of whether the element, component, or method step s
sxplicitly recited in the Clalms. No claim element in the appended Claims is to be

construed under the provisions of 35 US.C. §112, sixth paragraph, unless the

o

element is expressly recited using the phrase "roeans for" or, in the case of a method

clabm, the elementis vecited as a "step” instead of an “act™
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TAIMS
VWE CLAIM:
i, An extreme-ultraviolet (EUVY light source comprising;

an optic:

a target materialy

a laser beam passing through said optic along a beam path o irradiste said target
material; and

a systom gengrating a gas How directed toward said target material along said
beam path, satd system having a tapering mpmber surrounding a volume and &
plurality of gas lines, each gas Hne outputting & gas stream indo said volume

¥

2 The Hebt source as vecited in claim 1 wherein said member has an

inner wall and firther comprising a plurality of flow guides projecting from said

inner wall,
3. The light source as recited inclaim 1 wherein said optic ix a window.
4, The Hght source as vecited i claim 1 wherein said optic is a lens

focusing said beam to g focal spot on said beam path,

& The light source as recited in olaim 1 wherein said tapering member

surrounds said beam path

8. The light source as recited W claim | wherein sald gas flow
comprises g gas selected from the group of gases consisting of hydrogen {protiumy,
hydrogen {deuterivm} and hydrogen {trithum}.

7. The light source as recited in claim 1 wharein said fapering member
dogs not extend into said laser beam.

8. The light source as reciied o claim | wherein said gas flow has a

flow magnitode exceeding 40 standard cubie liters per minute {schn),
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4. The Hight sowree 8s recited in clabm 1 figther comprising an extrame-
ultraviolet mirror having an apertive and wherein said gas flow is dircoted through

said aperture,

ig. The lght sowree as recited in claiim 1 further comprizing s droplet

senerator producing a siream of target material droplets:
B ] b4 & a T

ISR The Hght source av recited in claim 1 whersin said optic is a lens

having a diameter greater than 1 50mm.

12, An extreme-ultraviolet (EUV) light scwrce comprising,

an optic;

a tavget material;

2 laser beam passing through said optic along a bean path to irradiate said target
material and

2 system generating a gas flow dirceted toward said farget matertal along said
beam path, said systeni baving a tapering guide member having an inner wall
surrounding a volume, at least one gas line culpulting & gas stream into sald volume

snd a plurality of flow guides projecting from said fnner wall.

i3, The Hght souwrce as recifed i claim 12 wherein sald optic is a
windimy.
14, The light source as recited in clalim 12 whereln said aptic is a lens

focusing said beam to a focal spot on said beam path,

H The light source as recited In clalim 12 whereln said gas flow bas a
2

flow magnitude exceeding 40 standard cubie iers per minute (sehm)

i6. The light scurce as recited in claim 12 wherein said optic is & lens

haviag a diameter greater than 1 30num,
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17. A method for producing an extreme-uitravielet (EUVY light cutput,
satd method comprising the aots of)

providing an optic;

providing a target materialy

passing a laser beam through said optic along a beam path to frradiate said target
materiak and

generating a ges flow dirgeted toward said targat material along said beam path,
satd system haviang a tapering goide mamber having an faner wall surrounding a
volume, at feast one gas Hine culpulting a gas stream into said volume and a plurality

of flow guides projecting fromw said fwer wall,

18. The method as recited in clalm 17 wherein said optic is a windaow,
i, The wethod as recited In claim 17 wherein sald optic is a lsns

focusing said beam to & focal spot on said beam path.

24, The method as recited In claim 17 whereln said gag flow has a How

magnitude exceading 40 standard cubic liters per minute (schin} and said optic is a

fens having a diameter greater than 150mm,
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