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(57) Abstract: A device is disclosed, herein which may comprise a droplet generator producing droplets of target material; a sen-
sor providing an. intercept time signal when a droplet reaches a preselected location; a delay circuit coupled with said sensor, the
delay circuit generating a trigger signal delayed from the. intercept time signal; a. laser source responsive to a trigger signal to pro-
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lay time to generate a light -pulse which is not focused on a droplet.
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METHOD FOR LPP DRIVE LASER OUTPUT DURING EUV NON-OUTPUT PERIODS
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FIELD
The present application relates to extreme nlivaviolet (“EUV™} Light sources
providing EUV light from a plasma created from a sowrce material and collected and

divected to an intermediate location for utilization outside of the EUV light source
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chamber, e.g., for semiconductor integrated cirowit manufacturing photolithography

&.2., at wavelengths of around 100nm and below,

BACKGROUND
Extreme ultraviolet ("EUV™Y light, e.g., clectromagneiic radiation having
wavelengths of around 5-100 nm or less {also sometimes referred to as soft x-rays)
and including tight at a wavelength of about 13 1, can be used in photolithog mph y
processes to produce extremely small features in subsivates, e.g., silicon wafers,

Methods to produce BUV Hght include, but are not necessarily limited to,
converting a material into a plasma state that has an element, .., xenon, lithium or
tin, with an emission {ine in the BUV range. In one such method, ofien termed laser
produced plasma (CLPP™Y, the required plasma can be produced by imadiating a
target material, for example in the form of a droplet stream or cluster of matenal,
with a laser beam,

Heretofore, LPP systems have been disclosed in which droplets in a droplet
streant are irradiated by laser pulses to form a plasma from each droplet at an
irradiation site,  Also, systoms have been disclosed in which each droplet is
sequentially iluminated by more than one light pulse. In some cases; sach droplet
miay be axposed o a so-called “prespulse” to heat, éxpand, gasify, vaparize, lonize
and/or generate a weak plasma and g so-called “main pulse” to convert most ov all of
the pre-pulse affected material into plasma and thereby produce an EUV light
emission.

As insHeated above, one technique to produce EUTV Hght involves irradiating
a target material.  In this regard, CQOp lasers, eg., oulpuiting light at infra-red
wavelengths, e.g., wavelengths in the range of about 8.2pm to 10.0pm, may present
certain advantages as a drive laser ivadiating a target material in an LPF process,
This may be especially true for certain target materials, £.g., materials contatning tin.
For example, one advantage may include the ability to produce a relatively high
cenversion efficiency between the drive laser input power and the output EUY

power.
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In same cases, it may be desirable to employ an Oscillater - Amplifier
arrangement to produce the relatively high power main pulses used in the LPP
process. Generally, for an LPP light source, EUV output power scales with the deive
laser power, and, as a consequence, a telatively large amplifier may be enaployed.
For example, in some arrangements, a multi-chamber amplifier having a one-pass
small signal gain on the order of 167 or more may be employed that is seeded with a
pulsed oscillator output.

In addition to the amplifier, which may include dozens of mitrors to pass
Hght through a gain media having a folded length of 16-20 meters or more, other
optics such as lenses, mirrors, ete., may be emploved to expand, steer, and/or focus
the beam between the amplifier and the fmadiation sie.  All of these opties are
heated during exposure to the pulsed beam and this heat may cause gach optic o
expand and/or distort, On the other hand, during non-exposure periods, the optics
may cool, and behave differently than they did at an elevated temperature, Changes

in temperature can cause thermal transients that are difficult to corvect due to

o

timeseale and/or magnitude, and wncorrected thermal transients can adversely affect

beam gquality and focusability,  Although cooling systems may be employed to
reduce the maximum femperature of an optic, they do not always reduce thermal
frausients associated with irradiation cyeles in which an optic ts exposed to a pulsed
eamt for a period of time, followed by a non-exposure peringd, followed by
SXPOSULE, ST,

Daring operation, the output of an BUV light source may be used by a
Hithography exposure tool such as @ stepper or scanner. These exposure tools may
first homogenize the beany from the Hght source and then impart the beam with &
pattern in the beam's crosg-spotion, using, for example, a ieflective mask. The
patterned heam is then projected onto a portion of a resist-coated water, Onee a {rst
portion of the resist-coated wafer (often reforred to as an exposwme field) has been
illuminated, the wafer, the mask or both may be moved © irradiate a second
exposure field, and so on, until iradiation of the resistcoated wafer is complete.
During this process, the scanner typically requires a so-called burst of pulses from

the light source for sach exposure field. For example, a typleal burst may last for a
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period of about 0.5 seconds and include about 20,000 light pulses at a pulse
repetition rate of about 40kHz, In this process, sequential bursts may be temporally
separated by an intervening time. Dhdng some intervening tirses, which may last
for about a fraction of a second, the exposwe tool prepares to lrradiste the next
exposure feld and does not need light from the Hght source. Longer intervening
times may oceur when the exposure tool changes wafers or performs metrology, one
or mote maintenance functions, or some other process that does not require Hght
{rom the light source.

With the above in mind, Applicants disclose an EUV Light Source with
Subsystem{s) for Maintaining LFP Drive Laser Qutpurt Duwring EUY Nen-Quiput
Pertads.

SUMMARY

As disclosed hereln, in a first aspect, a device may comprise a droplet
gencrator producing droplets of target matedal, a sensor providing an itercept time
signal when a dvoplet reaches a preselected lovation, a delay cirenit coupled with the
sensot, the delay circnit generating a trigper signal delayed from the intercept time
signal, a laser source respomsive to a trigger signal to produee a laser pulse, and a
systeny controlling the delay cireuit to provide a irigger signal delayed from the
intercept time by a first delay time to generate a light pulse that is focused on a

droplet and a trigger signal delayed from the Intercept thme by a second delay time to
generate g light pulse which is not focused on a droplet.

In one embodiment of this aspeet, the first delay time is longer than the

cond delay tune,

o aucther embodiment of this aspect, the first delay time is shorter than the
second delay time,

In one implementation of this aspect, the sensor comprises a laser source and
a detector,

I a particular implementation of this aspect, the delay circuit comprises a

digital shift repister.
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T another aspect, also disclosed hereln, a method for producing EUV pulses
in at least two burst periods, the burst periods separated by an intervening period
may comprise the steps of gonerating target material droplets during each burst
perviod and during the intervening period, generating laser pulses during each burst
peviod and during the intervening period, and focusing laser pulses on respective
droplets to produce an EUY cutput during burst pertods, and producing a distance
hetween a lasgr focal spot and droplet during an intervening period.

In a particular implementation of this aspect, the producing step is
accomplished by providing different laser trigger timing relative to droplet position
for the burst period than the intervening period.

In one implementation of this aspect, the droplets iravel along a fivst path
toward an bradiation site during a burst period and the producing step is
accomplished by redirecting droplets to a second path nonintersecting with the
irradiation site during the intervening period,

In a particular implementation of this aspect, the laser pulses are focused 1o
a focal spot at an irradiation site during a buest period and the producing step i8
accomplished by moving the focal spot o a location distanced from the irvadiation
site during the intervening period.

In amother aspect, also disclosed herein, an Extreme Ultraviolet (EUVY light
source producing BUV pulses in at least two burst periods, the bwrst periods
separated by an intervening period may comprise a droplet generatoy producing
droplets of target material during each burst pericd and during the infervening
perfod, a laser source producing laser pulses during each barst period and during the
intervening period, and a systens operable to reconfipure the EUV light source from
a burst peried configuration in which laser pulses interact with target material to
produce an BEUY output and an intervening period configuration in which light
pulses do not Interact with tatget material to prodoce an EUV output.

in one embodiment of this aspect, the system provides different laser trigger
tinting relative to dvoplat position for the burst period than the intervening period.

In a particnlar embodintent of this aspect, the ng or thming is delaved in the

intervening neriod relative to the burst paried.
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In a particular implementation of this aspect, the frigger timing is advaneed
in the intervening period relative to the borst period.

In one implementation of this aspest, droplets travel along a first path toward
an irrediation site during a burst peried and the system redirects droplets to a second
path nonintersecting with the rradiation site during the inteyvening period.

In one embodiment of this aspect, the system charges droplets during the
intervening period and deflects droplets from the first path using a field selected
from the group of ficlds consisting of an electrie fleld, a magnetic fleld or a
combingtion thereof,

In & particnlar enchodiment of this aspect, the droplet generator toolndes a
nozzle and the system comprises an actuator moving the noyzie,

In one implementation of this aspect, the systern comprises a gas How to redirect
droplets,

In a particular Implementation of this aspect, the laser pulses are focused o a
focal spot gt an ivadiation site during a burst period and the system moves the focal
spot to a lecation distanced from the irradiation site during the intervening period.

In one arangement of this aspect, the laser pulses are focused using at least
one focusing optic and the systenr moves al least one focusing aptic to change the
focal spot location.

Ina particular setup of this aspect, the laser pulses are steered using at least
oe steering optic and the system moves at least oune siem‘ing optie to change the
focal spot location.

I one embodiment of this aspect, the system provides different lasar trigger
timing relative to droplet position for the burst period than the intervening period,
and the laser pulses are focused 1o g focal spot at an irradiation site doring a burst
period and the system mwoves the foeal spot to a location distanced from the

irradiation site during the mtervening periog
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BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 shows a simplified schematic view of an example of ¢ laser-produced
plasoia EUV light source;

Fig. 2 shows an example of & control cirenit for generating a laser trigger
upen receiving a droplet intereept time signal;

Fig., 3 shows a simplified schematic of an embodiment of a laser source
having a seed laser and amplifiex;

Fig. 4 shows s simplified schematic of another enabodiment of a laser sowce
having a seed laser and multi-chamber amplifier;

Fig, 5 shows a simplified schematic of another smbodiment of a laser source
having a pre-pulse seed laser, main pulse seed laser and common amplifier;

Fig. & illusirates a typical Hght output sequence for a light source used in
photolithography;

Fig, 7 illustrates an arvangement in which the focal spot generaled by a
focusing optic is moved from a frst focal spot position {solid lines} in which laser
pulses are focused on droplets in a droplet stream te produce an EUV emitting
plasma, 1o & second focal spot position (dashed lines) in which the focal spot is
distanced from droplets i the droplet stream;

Fig. § illustrates an arrangement in which the foeal spot generated by a
focusing optic is steered from a fiest focal spot position {solid Hnes} in which laser
pulses are focused on droplets in a droplet stream to produce an EUV emitting
plasma, to a second focal spot position (dashed lines) in which the focal spot is
distanced from droplets in the droplet streain;

Fig. 9 illusirates an arrangement in which a droplet stream is redivected from
a first droplet stream path intersecting an irradiation site for genervating EUV to a
second droplet strearn path nonsintersecting with the ivadiation site by moving a
droplet generator release poing

Fig. 10 illustrates an mrrangement in which a dreplet stream is redivected
from a first droplet stream path intersceting an irradiation site for generating EUV to
a second droplet siream path non-intersecting with the jrvadiation site by charging

droplets aud deflecting charged droplets;
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Fig. 11 illustrates an arrgngement in which a droplet stream is redivected
from a first dmpiet siream path infersecting an irradiation stie for generating EUV to
a second droplet stream path non-intersecting with the irradistion site by a gas flow;
and

Fig. 12 illustrates an arrangement in which a droplet stream is allowed o
iravel to an iradiation site for generating EUV during a burst of pulses and is

blocked fram travelling to the irradiation site during an infervening time

DETAILED DESCRIPTION

With initial reference to Fig. 1, there Is shown a simplified, schematic view
of an embodiment of an BUV light source, e.g., a lasersproduced-plasma BEUY light
source 20, As shown in Fig. 1, the LPP light source 20 may include & system 22 for
ganerating Hght and delivering the Hght info & chamber 26, For the souree 20, light
magy travel along one or more beam paths from the system 22 and into the chiamber
26 to illuminate a respeetive target droplet gt an hradiation region 28, Examples of
Iaser arrangements that may be sudiable for use in the system 22 shown in Fig. 1 are
deseribed in more detail below,

As further shown in Fig, 1, the BEUVY light source 20 may alse include 2
farget material delivery system 24, e.g., delivering droplets of a target material into
the interior of a chamber 26 fo the irradiation regicn 28, where the droplets will
interact with ong or mors lght pulses, o, zero, one or move pre-pulses, and
thereafter one or more main pulses, io uliimately produce plasma and generate an
EUV emission, More details regarding various droplet dispenser configurations and
thelr relative advantages may be found in 118, Patent Application Serial Number
12/721,317, filed on March 10, 2010, and published on November 28, 2018, as U5,

2010/0294933-A1, entitled LASER PRODUCED PLASMA EUV LIGHT
ROURCE, Atterney Docket Number 2008-0055-01; United States Serial Number
12/214,7386, filed on June 19, 2008, now U.S. Patent 7,872,248, issued on Janoary
18, 2011, entitled SYSTEMS AND METHODS FOR TARGET MATERIAL
DELIVERY IN A LASER PRODUCED PLASMA EUV LIGHT S0QURCE,

Attomey Dockst No. 2006-0067-02; U.S. Patent Application Serial Number
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11/827 803, filed on July 13, 2007, now 1.8, Patent 7,897 547, issued on March 1,
2011, entitled LASER PRODUCED PLASMA EUV LIGHT SOURCE HAVING A
DROPLET STREAM PRODUCED USING A MODULATED DISTURBANCE
WAVE, Attorney Docket Number 2007-0030-01; U.S. Patent Application Serjal
Number 11/358,988, filed on February 21, 2006, entitled LASER PRODUCED
PLASMA EUV LIGHT SOURCE WITH PRE-PULSE, Aitorney Docket Number
2005-0085-01, and published on November 16, 2006 as U5, 2006/0255208A-1;
.8, Patent Applivation Serial Number 11/067,124, filed on February 25, 2005,
entitled METHOD AND APPARATUS FOR BUV PLASMA SOURCE TARGET
DELIVERY, Attorney Docket Number 2004-0008-01; now US. Patent 7,405,418,
issued on Julv 20, 2008; and U.S. Patent Application Serial Number 11/174,443,
filed on hune 29, 2005, entitled LPP EUV PLASMA SOURCE MATERIAL
TARGET DELIVERY SYSTEM, Attorney Docket Number 2005-0003-01, now
U.S, Patent 7,372,056, issued on May 13, 2008; the contents of each of which are
herehy incorporated by reference.

The target material may includs, but is not necessarily limited o, n material
that includes tin, lithinm, xenon or combinations thereof The EUV emitting
element, e.g., tin, lithiva, xenon, ete,, may be in the form of liquid droplets andfor
solid particles contained within liguid droplets, For example, the element in may be
used as pure tin, as a tin compound, e.g., SnBrq, SnBra, SnHy as a tin alloy, e.g., tin-
gallium allovs, ta-indium alloys, tin-indiwn-gallium alloys, or a combination
thareof,  Depending on the material used, the farget material may be presented to
the irradiation region 28 at various temperatures including room temperature or near
room emperature (a2, tin alloys, SuB), ot an elevated temperature, {e.g., pure i)
or at femperatures below room temperature, (6.g., SnHy), and in some cases, can be
relatively volatile, e.g., SnBry. More details concerning the use of these materials in
an LPP EUY light source is provided in U.S. Patent A.;japi_icati@n Serial Nunber
117406216, filed on April 17, 2006, entitled ALTERNATIVE FUELS FOR EUY
LIGHT S0URCE, Atiorney Docket Number 2006-0003-01, now S, Patent
7,465,946, issued on December 16, 2008, the contents of which are hereby

neorporated by reference herein.
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Continuing with Fig, 1, the BUV light source 20 may also include an optic
3 such as a near-normal incidence collector mirrer having a reflective surface in the
forny of a prolate spheroid (Le., an ellipse rotated about ity major axis} having, e.g., a
graded multi-layer coating with alternating layers of Molybdenum and Silicon, and
in some cases, one or more high lemperature diffusion bawder layers, smoothing
tayers, capping layers and/or etch stop layers, Fig. | shows that the optic 30 may be
formed with an aperture to allow the Hght pulses generated by the system 22 to pass
thvough and reach the irradiation rogion 28, As shown, the optic 30 may be, e.g., a
profate spheroid mirror that has a first focus within or near the irvadiation reglon 28
and a second focus at a so-called intermediate region 40, where the EUV light may
be output from the FUV light source 20 and input to a deviee utilizing EUV light,
.., an integrated circuit lthography tool (not shown). It is to be appreciated that
other optics may be used in place of the prolate spheroid mirror for collecting and
divecting Hght to an imtermediate location for subseguent delivery to a device
utilizing BUV light, for example, the optic may be a parabola rotated about its major
axis or may be configured o deliver a beam having a ring-shaped cross-section to an
intermediate location, see e.g., U.8, Paient Application Serial Mumber 11/505,177,
filed on August 16, 2006, now UK, Patent 7,843,632, issued on November 30, 2010,
antitled BUV OPTICS, Attorngy Docket Number 2006-0027-01, the contents of
which are hersby incorporated by reference.

Fig. 1 also shows that the souree 20 may include one or more optics for beam
conditioning such as expanding, stesring, andior focusing the beam between the
laser source system 22 and irradiation site 28, In more detail, it can be seen in Fig. |
that a beam expander consisting of two mirrors 42, 44, which may be, for example,
offvaxis parabolic mirrors may be cmployed to expand the beam outpnt from the
systent 22 in one or both dimensions ransverse o the beam’s propagation divection,
It is to he appreciated that other optica! arrangements including lenses, prisms, ete,,
may be employed {0 expand the beam, or @ common optic or optics may be used to
both expand and steer the beam, The optics may be cooled, for example, using

-~

hackside water channels 1 the case of mirrors and/or a surface gas flow,
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Continuing with Flg. 1, it can be seen that the steering systern, which may
include one or more mirrars, prisms, lenses, ete,, may be provided and arranged to
steer the foral spot in the x amdfor v direction. The optics may be cooled, for
sxample, using backside water channels in the case of wirrors andfor a surface gas
flow. For the arrangement shown, the steering system inclndes a fivst flat mirror 46
mounted on a tip-til gctoator 48 which may move the minor 46 independently i
two dimensions, and a second flat mirvor 50 mounted opn a tp-tilt actuator 52 which
may move the mivror 50 ndependently in two dinensions. However, other systems
may be emploved, for example, 2 single mirror having a tip-tiit acingtor may be
amploved to provide steering, or one mirror may provide only tilt adjnstment, while
3 second mirror provides only tip adjustment.

Fig. 1 also shows that a focusing assembly 54 may be provided to focus the
beant {o the {rradiation site 28 and adjust the position of the focal spot along the z-
axis. For the focusing assembly 34 shown, a focusing lens may be used that is
coupled to an actoator for movement in the direction of mrow 56 to move the focal
spot along the w-axis. Although a single lens is shown, i is o be appreciated that
other focusing arrangements having one or more lenses, mitrors, te., may be used.

As used herein, the tenm Yoptic™ and s derivatives includes, but is not
necessarily Hinited to, one or more components which reflect and/or transmit and/or
operate on incident Hght and includes, but is not limited to, one or more lenses,
windows, filters, wedges, prisms, grisms, gradings, transmission {ibers, ctalons,
diffusers, homogentrers, detectors and other instrument components, apertures,
axicons and mirors including multi-layer wirrors, near-nornal incidence mirrors,
grazing incidenve mirrors, specular reflectors, diffuse reflectors and combinations
thereof, Moreover, unless otherwise specified, neither the term “optic” nor its
derivatives, as used hereln, are meant to be limited to components which operate
solely or to advantage within one or muore specific wavelength range(s) such as at
the EUV output light wavelength, the irvadiation laser wavelength, a wavelength
suttable for metrology or some other wavelength.

Parther delails regarding beam conditioning systems are provided in ULS,

¢

Patent Application Serial Number 10/803,526, filed ou March 17, 2004, entitled A
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HIGH REPETITION RATE LASER PRODUCED PLASMA EBEUV LIGHT
SOQURCE, Attommey Docket No, 2003-0125-01, now U.S. Patent 7,087,514, issued
ot August &, 2006; United States Serial Number 10/900,839 filed on July 27, 2004,
entitled EUV LIGHT S8OURCE, Attormmey Docket No. 2004-0044-01, now LIS,
Patent 7,164,144, issued on January 16, 2007, and U.S. Patent Application Sevial
Mo, 12/638,002, filed on December 15, 2009, entitled BEAM TRANSPORT
SYSTEM FOR EXTREME ULTRAVIOLET LIGHT SOURCE, Attomey Docket
No, 2009-0029-01, the contents of each of which are hereby Incorporated by
reference.

Continuing with Fig. 1, it can be seen that a sensor may be eniployed o
provide an infercept time signal when a droplet 58 reaches a pre-selected locstion 60
upstream of the frradigtion site 28, For example, the pre-selected location may be
several millimeters from the fvadiation site and may be positioned such that droplet
intercept at the preselecied location occurs when plasma is not present at the
irradiation site, For the sourge 20, the sensor may include g Hght source 62, such as
a laser source, directing a beam 64 through the preselected location 60, as shown.
For exgraple, the laser may be a semiconductor faser. A detector 86, such as a
photodetector array, avalanche photodiode or photomultiplier, may be oviented to
monitor the beam 64 and generate an analog signal ouiput on communication
channel 68, e.g., wire, wireless link, eto,, when a droplet 58 passes throngh the
preselected location 60, The anslog signal, in furn, may be processed by a control
circuit 70 which generates a laser trigger signal to initiale fiving of the laser sowrce
23, As further shown, the countrol circuit 70 may output the tigger signal over
commurtication channel 72, Communication channel 74 may be provided to
commupicatively connect the control circnit 70 to the exposure tool control system
76. As further described below, with this link, the delay cireuit may provess Barst
Start and Burst Stop commands from the expeosure tool,

Fig. 2 shows an example of a suitable control civeuit 70 in further detail.
shown there, the anslog outpul on communication channel 68 from the detector 66
{see Fig, 1} may be input to an analog-to-digital convertor 80 producing & digital

putput on conmmunication channel 82, The digital output on comnmunication channel
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82 may then be input to a delay cirenit portion 84 which may include, for example, a
digital shift register, The delay cireuit portion B4 may output a signal on
conynunication channel 86 that is delayved from the input signal by a time associated
with the flight time of the draplet from the intercept location 60 (see Fig. 1) to the
irradiation site 28, As shown, the cutput on conmunication channel 86 may then be
input to a logic circuit 88 which may include, for example, a digital microprocessor,

Continuing with Fig. 2, it can be seen that the logic cireuit 88 may also
include @ commaunication chamnel 74 for receiving an input from exposure tool
control system 78, Specifically, this input may include Burst Staxt and Burst Stop
conumands from the exposure tool, With these inputs, logic circuit 88 may execute
the following instruction sequence. Upon receiving a Burst Start cornmand from the
exposure toal, the logic circuit 88 outputs communication channel 86 to
communication channel 72 triggering the laser sowrce 22 (see Fig. 1} io ivadiate the
intercepted droplet and subsequent droplets until a Burst Stop command is received,

Upon receiving a Burst Sop command from the exposure tool, the logi
circuit 88 passes the input from communication channel &6 to communication
channal 92 untdl the logie ciroulf receives a Burst Start conmmand.,  Signals on
conmmunication channel 92 are then received by delay cirouit portion 84, which may
tnclude, for example, a digital shift register. The delay eircuit portion 94 may then
cutput a signal on comnmnication chamel 72 that is delayed from the
communication channel 92 input signal by a time sufficient to cause the laser beam
to reach the irradistion site late and miss the droplet, For example, assuming a laser
pulse vepetition rate of 40kHz, the temporal spacing between droplets is abouf 25us
and a suitable delay for the delay circull portion 94 may be abowt half the droplet
temporal spacing, 1.2., about 12.5us.

With the arrangement as deseribed above, the laser source 22 continues &
cutput light pulses during an intervening time, £, between a Burst Stop command and
a Burst Start command. These output pulses irradiate one or more opties but do not
cregte plasma from the deoplets.  Thus, the temperature of the optivs may be
maintained reducing thermal transients without producing plasma-generated debris

and jons that can foul or harm nearby optics such as the collector mirror 30 (shown
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Fig. 1), Also, for this arrangement, the droplet generator may continue to produce
droplets uninterrupted during the {ntervening time period reducing complexitiss
associated with stopping and ve-starting the droplet generator,

As indicaled above, the irigger signal output on communication channel 72
may be used to initiate firing of the laser source 22 shown in Fig. 1. Fig. 3 shows an
example of a laser sowrce 22 in move detail, As shown In Fig 3, the laser source 22
may include a seed laser 100 producing an output that is directed onto a beam path
102 through amplifier 104

In one setup, the seed laser 100 may be a CO; laser having a sealed gas
including CO; al sub-atmospheric presswre, e .05 - 0.2atm, that is pumped by a
radio-frequency {RF) discharge. With this amrangement, the seed laser may self-tune
to ome of the dominant lines such ag the 10P(20} Hne having wavelength
105910352, Upon recelving a frigger signal on commwnication channel 72
pumping of the galn media may be initiated resulting in a pulsed laser oufput.
Alternatively, an acousio-optic modulation (AOM) switch may be provided to
control the quality, @, of the seed laser optical cavity, In this case, the gain media
may be in a pumped state prior to the seed laser receiving the trigger signal, e.g., due
to continuous RF pumping, and the trigger signal on communication lne 72 may be
used to activate the Q-switch, Alternatively, the trigger signal may initiate gain
media pumping and the Q-switch activated after a pre-determined delay. For this
arrangement, the gain media fu the amplifier chambers 104 may be in a pumped
state {using either continupus or pulsed pumping} at the tirme the trigger sigoal is

ceived by the seed laser 100,

For the laser sonree 22 shown in Fig: 3, a suilable amplifier 104 for use with
a seed laser having a gain media including CO; described above may include a gain
media containing CCh gas that is punped by DO or RF excitation, In one particular
implementation, the amplifier may include an axial-flow, RF-pumped (continuous or
with pulse modulation) COy amplification unit. Other types of amplifieation unils
having fiber, rod, slab or disk-shaped active media may be used. In some cases, a

solid active media may be employed,
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Fig. 4 shows another example of g laser sonrce 227 for use in the light source
20 shown in Fig. 1. As shown in Fig. 4, the laser souree 227 may include seed laser
100 producing an cutput that is divected onto bearn path 1027 and through amplifier
104°, As further shown, amplifier 1047 may have two (or more} amplification units
106, 108, zach having its own chamber, active media and excitation source, e.g.,
mumping electrodes, For example, for the case where the seed laser 100 inchude gain
media, including CO: described above, suitable lasers for use as amplification units
106, 108, may include gn active media containing € gas that is pumped by BCoor
RF excitation. It one particnlsr implementation, the amplifiee way inclade a
plurality, such as four or five, axial-flow, RF-pumped {continuous or pulsed) CO;

o

amplification units having a total gain length of about 10-25 meters, and operating,
in concert, al relatively high power, eg., 10kW or higher. Other iypes of
amplification units having fiber, rod, slab or e;iisbshapf:dac‘iive-media may be used,
1rs some cases, a solid active media may be employed.

For the embodiment shown in Fig. 4. 3 tigger signal from communication
channel 72 may initiate pumping of the gain media resulting in a pulsed laser autput.
Alternagtively, an acousto-optic modulation (AOM) switch may be provided o
control the quality, Q, of the seed laser optical cavity, In this case, the gain media
may be in a pumped state prior to the seed laser receiving the trigger signal, e.g., due
to cortinuous RF pumping and the trigger signal on commuaication line 72 may be
used to aciivate the Q-switch, Alternatively, the trigger signal may initiate gain
media pumping and the Q-switch activated after a pre-determined delay. For this
arangement, the gain media in the amplifier chambers 106, 108, may be in a
pumped state {using either continnous or pulsed pumping) at the time the trigger
signal is received by the seed laser 100,

Fig. 5 shows another example of a laser source 227 for use in the light sourc
20 shown in Fig, 1, As shown in Fig. 5, the laser source 227 may include a pre-pulse
sead laser 120 producing an output that is directed onto a common beam path 122
through optic 124 and through common amplifier 104" {as described sbove for
avaplifiers 104, 1047}, Laser source 22° may alse include a main pulse seed laser

128 producing an output on beam path 130 that Is reflected by optic 124 onto
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commeon beany path 122 and through common amplifier 126, For the arrangenent
shown in Fig. 5, the optic 122 may be a dichrote beam combingr, polavization
discriminating beam combiner, or partially reflecting beam combiner. It is to be
appreciated that the arrangement may be modified such that the pre-pulse seed laser
output is transmitted through the optie 124, and the main pulse seed laser output is
reflected by the Gp’zic 134,

For the arrangement shown in Fig. 3, a nwable pre-pulse seed laser 120, such
as a U0, laser having a sealed pas including CO; at sub-atmospheric pressure, €.8,,
(.05 « ¢.2atmy, that is pumped by a radio-frequency discharge may be used. For
example, & movable grating may be used together with an output coupler o foum the
optical cavity of the pre-pulse laser, An actuator, which may include a stepper
moior, plezoelectrie element/stack or a combination stepper motor/plezoelectric,
may be used to move the grating in response to a center wavelength measurement
signal. In one setup, the main pulse seed laser 128 may be a CO;, lager having a
sealed gas including CO» at sub-atmospheric pressure, eg. 0105 - (2atm, that is
purmnped by a radio-frequency discharge, With this arrangement, the malin pulse seed
{aser may self-tune to one of the dominant lines such as the 10P(20) Hne having
wavelength 10.5910352, Typically, the pre-pulse seed laser 120 is fired in response
to g trigger signal on communication channel 72, and then, after a pre-determined
delay, the main pulse sced laser 128 is fired. The delay between the pre-pulse seed
taser 120 and the main pulse seed laser 128 may be about 1000ns and s typically set
to optimize EUV oniput energy or efficiency.

For the embodiment shown in Fig. 5, a trigger signal from communication
chamnel 72 may initiale pumping of the gain media in pre-pulse seed laser 120
yesulting in a pulsed laser ocutput,  Altornatively, an scousto-optic modulation
{AOM) switch may be provided to contro! the quality, Q, of the pre-pulse seed laser
120 optical cavity. In this case, the gain media may be in a pumped state prior o the
seed laser receiving the trigger signal, e.g., due to continuouns RF pumping and the
frigger signal on commumication Hne 72 may be unsed o activate the Q-switch.
Alternatively, the trigger signal may initiate gain media pumping snd the Q-switch

activated afier a pre-determined delay, For thix arrangement, the gain media in the
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amplifier chamber 104" may be in & pumped state {using sither continuous or

pulsed pumping) at the time the trigger sigual is received by the pre-pulse seed laser
126,

Fig, 6 itlustrates the typical light outpul of the light source 20 shown in Fig.
1. As seen there, the sequence may begin with a Burst Start connmand 138 from the
exposure tool (not shown) at which point the Hght source 20 may output & burst 152
of pulses to the exposwre tool at & fixed repetition rate nntif a Burst 3top command
1584 is issued. For example, a typical burst may last for a period of about 8.3
seconds and include about 20,000 light pulses at a pulse repetition rate of about
40kHz. The exposure tool may use a first portion of the burst for setup activities
such as alignment, metrology, ete., and the later portion of the burst {o illuminate an
expostre field on a resist-coated wafer. Once a first portion of the resist-coated
wafer has been illuminated, an intervening time, t, may occur while the wafer, the
mask, or both, are moved inio position o lmradiate a second exposwe field
Typically, an intervening time between exposure flelds on a same wafer may last for
ahout a fraction of a second. During the infervening time, the exposure tool doss not
need light from the light source, Fig. 6 shows that the intervening tinme, 1y may cease
upon the issuance of another Burst Start command 136 from the exposure tool (not
shown) at which point the Hght souwrce 20 may output a burst 138 of pulses to the
sxposure tool at a fixed repetition rate to Huminate a second exposure field until a
Hurst Stop command 160 is issued.  Burst 158 is then followed by another
intervening tme, 1, while the wafer, the mask, or both, are moved into position to
irradiate a third exposwre field.

Continuing with Fig, 6, the intervening time, H may cease upon the issuance
of another Burst Start cornmand 162 from the exposure tool {not shown} at which
point the light source 20 may outpat 8 burst 164 of pulses to the exposure tool at a
fixed repetition rate to {lluminate a thivd exposure ficld until a Burst Stop command
166 is issued, Burst 164 is then followed by another intervening timae, ta, which may
be longer than intervening tintes t; and t;, and may correspond to the tine associated

with the exposure tool changing wafers or performing varions metrology functions,
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one or more maintenance functions, or some other process that does not require Hght
from the light source.

As further shown, the infervening time, t; mway cease upon the issuasce of
another Burst Start conmmand 168 from the exposure tool {(not shown) at which point
the Hglt source 20 may output a burst 170 of pulses to the exposure tool st a fixed
repetition rate to himinate s third exposure field vntil a Burst Stop command 172 is
issued.

EUV outpat pulse energy may be varied within a burst such that a speeified
inteprated energy or dose is provided. In some mplementations, & moving, S00
pulse, window is used to maintain dose substantially constant within the burst. For
sxample, total energy in & 300 pulse window may be measured and the resilt nsed fo
produce an energy target for the next pulse. After the next pulse, the process is
repeated. Pulse energy may be adjusted in a variety of ways, incloding modulating
the RF pulses used to pump the amplifier gain media or adjusting the delay between
the pre-pulse and main pulse seed outputs. Maore detailed information on dose

control may be found in U.S, Patent Application Serial Number 11/644,133, filed
on Drecember 22, 2006, and published on June 26, 2008, as 115, 2008/0149862-A1,
antitled LASER PRODUCED PLASMA EUV LIGHT SOURCE, Attorney Docket
MNumber 2006-0006-01, the contents of which are hereby incorporated by reference.

Figs, 7-12 illustrate alternative devices and methods, wherein a diive laser
souree continpes to output light pulses duwring an intervening time, {, fo reduce
thermal transients dus to optic temperature changes. For these devices and methods,
the droplet genevaloy may continue to produce droplets wninterrupled duning the
intervening time period reducing complexities assoclated with stopping and re-
starting the droplet generator,  Alse, for these devices and methods, a substantial
amount of plasina is not produced during an intervening time, {, redueing the amount
of plasma-generated debris and ions that can foul or harm nearby optics such as the
collector mirror 30 (shown Pig. 1) In more detail, in the embodiments shown in
Figs, 7-12, laser pulses are focused on respective droplets to produce an EUV output
during burst periods, and a distance between a laser foeal spot and droplet is

1

provided during an Intervening period. It i3 1o be appreciated that the arrangements
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shown In Figs. 7-12 do notl necessarily require a different laser timing in a burst
perind than the timing in an intervening period, g8 deseribed above with reference to
control cirenii 70 shown in Fig. 1. For the arrangements dexcribed below, the
devices and methods may be used for example in an ‘open loop” amangement in
which draplet intercepts are not used to irigger the laser source, oy in a system where
the droplet intercept control loop is deactivated dwring an intervening period. In
some cgses, the droplet intercept control loop may be deactivated during an
intervening period by deflecting or blocking droplets from reaching the intercept
posiiion.

Beginning with Fig. 7, an arrangement 200 is Hlustrated in which the fotal
spot generated by focusing optic 202, ¢.g., lens, is moved from a first focal spot
position 204 (solid lines} in which laser p‘-;iiﬁﬁ?: are focused on droplets in & droplet
stream 206 o produce an BUV emitting plasma, 1o a second focal spot position 208
{dashed lines), established by moving the focusing optic 202 in the divechion of
arrow 210, in which the focal spot is distanced from droplets in the droplet stream.
An actoator (oot shown), which may include a stepper motor, piezoslectric element/
stack or g combination stepper motor/piezcelectric, may be used to move the optic
202, Forthis arrangement, the sctuator may move the optie 202, such that a distance
between first focal spot position 204 and second focal spot position 208 is sufficient
to lower the intensity on droplets during an intervening period to prevent substantial
plasma formation duc to the inferaction between the laser pulses and droplets,
Movement of the optic 202 may be performed alone to prevent laser droplet
interaction during an intervening period or may be used fo fogether with a system
which produces different laser trigger timing relative to droplet position for the burst
pericd than the intervening period, as described sbove, For example, the two

echuiques may be used together to produce a larger scparation between the focal
spot and droplet than may be oblained with one technigue.

Fig. 8§ illustrates an srrangement 250 in which the foeal spot generated by
focusing optic 252, e.g., lens, is steered from g fivst focal spot position 254 (solid
lines 256} in which laser pulses are focused on droplets in & droplet stream o

produce an BUV emitting plasma, and a second focal spot position 258 (dashed lines
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260, This steering may be established by moving a sieering optic, such as steering
optic 46 and/or steering optic 50 shown in Fig. 1, to steer the beam in the X andfor Y
direction, to a position in which the focal spot is distanced from droplets in the
droplet stremm at the time the laser puise reaches the foeal spot.  For this
arrangement, the beam may be steered such that a distance between first focal spot
position 254 and second focal spot position 258 is sufficient to lower the intensity on
droplets during an intervening pericd to prevent substantial plasma formation due to
the interaciion between the laser pulses and droplets.  Movement of a steering optic
may be performed alone to prevent laser droplet inferaction during an lntervening
perind or may be nsed to together with a focusing optic movement (see Fig. 7 and
description provided above) and / or a system which produces different laser trigger
timing relative to droplet position for the burst period thay the intervening period, as
described above. For example, multiple technigues may be used together to produce
a larger separation between the focal spot and droplet than may be obtained with one
fechnnidue,
Fig. © illustrates an arrangement 309, in which a droplet stream 302 is
redivected from g first droplet stream path 304 intersecting an irvadiation site 306 for
generating EUV during a burst of pulses to a seeond droplet stream path 308, non-
intersecting with the frradiation site 306 during an intervening time, In more detail,
a deoplet generator having a release point 310, such as a nozzle output tip, may be
used o produce a droplet stream, as shown, During a burst peried, the release point
310 may be maintained in a first position resulting in a stream of droplets travelling
toward an irvadiation site 306 where a pulsed laser beam is focused. At the onset of
an intervening period, £.g., upon receipt of a Burst Stop command from the exposure
tool, the release pgim‘, BE{? may be moved, e.g., in the dirsction of arow 312 o a
second Jocation (dashed lines), distanced from the first location (solid Hnes), such
that dr{)pietg do not pass through the focal spot at trradiation site 306, Instead, thely
closest approach 1o the focal spot at the time the laser pulse reaches the focal spot is
distanced from the focal spot by a distance sufficient to lower the intensity on
droplets during an intervening peried to prevent substantial plasma formation due to

the interaction between the laser pulses and droplets.
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Movement of the release point can be accomplished by moving the nozzle

&

tip, e.g., relative to the remaining droplet generator, and/or some or all of the droplet
generator may be moved. For example, an actnator {not shown), which may include
a slepper motor, plezoelectric element/stack or a combination stepper motor/
piczoelectric, may be used to move the release point 310 relative to the inadiation
site 306,

It an alternative arrangement {not shown), the release point 310 may be
moved in the direction of droplet stream travel, Specifically, during & burst peviod,
the release point 310 may be maintained in a first position resulting in a stream of
draplets which reach the irradiation site 306 at the same time as a focused laser
beam pulse. At the onsct of an intervening period, e.g. npon receipt of a Burst Stop
contnand from the exposure tool, the release point 310 may be moved in the
direction of droplet propagatinn to a second location, such that droplets reach the
irradiation site 306 before or afler a focused laser beam pulse, and thus, do not
produce a substantial plasma formation,

In an alfernative arrangement (not shown), the timing of droplet formation
may be advanced or delayed during the infervening petied relative to the burst
neriod.  More specifically, @ described In more detail in the applications
incorporated hy veference above with regard to the target yaterial delivery system
24 shown in Fig. 1, a disturbance may be applied to a target material to generate a
conirolled stream of droplets,  For example, an actuator such as a plezoelectric
material may be wsed to periodically disturb a Hgudd source msterial causing the
material to form a comrolled stream of droplets, This periodie disturbance may be,
for example, sinusoidal, pulsed, a signal that is amplitude or frequency moedulated,
or any other signal which produces a controlled stream of droplets. During a burst
period, g periadic disturbance may be applied to the target material to produce a
controlled stream of droplets which reach the bradiation site at the same time asa
focused laser beam pulse. At the opset of an intervening period, e.g., upon recsipt of
a Burst Stop command from the exposure fool, the periodic disturbance may be
modified, e.g., delaved or advanced such that droplets veach the irvadiation site 306

before or after a focused laser beam pulse, and thus, do not produce a substantial
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plasma formation.  This system may be uwsed for example in an “open loop”

arrangement in which droplet intercepts are not used to trigger the laser source, orin

g system where the droplet intercept control loop is deactivated during an
intervening period.

The different technigues for modifying the droplet stream described above

Y

and below, may be porformed alone or in combination o prevent laser dropist

interaction during an intervening period or may be wsed to together with a focusing

¢
X

optic movement {see Fig. 7 and description provided above), movement of a steering
optie (see Fig. § and description provided above) and / or a system which produces
different laser trigger timing relative to droplet position for the buvst period than the
intervening perind, as described above. For example, multiple techniques may be
used together to produce 8 larger separation between the focal spot and dioplet than
may obtain with one technique.

Fig. 10 illustrates an arvangement 320, in which g droplet stream 322 is
redivected from g fiest droplet stream paih 324 intersecting an irradiation site 326 for
getierating BUY during a burst of pulses to a second droplet stream path 328, non-
intersecting with the Irradiation site 326 doring an intervening time. As shown, the

arrangement 320 may include a system for producing charged droplets 330 and a
deflector 332 for operating on the charged droplets to redirect the charged droplets
from their initial path. The system for producing charged droplets 330 may charge
droplets before or after droplet formation, and may be distanced from, or integral
with, the droplet genevator. in ong setup, a charging ring Is positioned adjgcent the
droplet generator release 'point, The deflector 332 may include one or mowe
magnets, electromagaets, a charged element or grid, a pair of spaced-gpart chargin
nlates, or 8 combination thereof, The deflector may operate to deflect droplets via
repulsion or attraction generating a fiald selgeted from the grovp of fields consisling
of an sleciric field, a magnetic field or a combination thereofl In an alternate
arrangement {not shown), charged droplets may be redivected from a first droplet

strzam path non-intersecting the feradigtion. site (le., the path used during an
intervening thne) to  a second droplet stream path which intersects with the

irradiation site for generating EUV during a burst of pulses
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In another alternative arrangement (not shown}, the charged droplets may be
elerated or decelerated in the divection of droplet stream travel by varying the
field(s} created by one or more magnets, sleciromagnets, g charged element or grid,
a pair of spaced-apart charging plates or 2 combingtion thereof. Specifically, during
a bugst period, uncharged droplets reach the irradiation site 306 at the same thwe as
focused laser beam pulse. Al the onset of an intervening period, e.g., upon receipt of
a Burst Stop command from the exposure tool, the droplets may be charged and then
accelerated or decelersted such that droplets reach the firadiation site 306 before or
after a focused laser beam pulse, and thus, do not produce g substantial plasma
formation,

Fig. 11 fllustrates an arrangement 340 in which a droplet stream 342 13
redivected from a first droplet stream path 344 intevsecting an frvadiation site 346 for
generating EUV during a burst of pulses to a second droplet stream path 348, non-
intersecting with the birsdiation siie 346 during an intervening time. As shown, the
arrangement 340 may include a system producing a gas flow 330 in the direction of
arrow 352 to redivect droplets from thelr initial path. For example, the systen may
inchude a pump and & directing devige, such as a tube to produce s directed gas Hlow,
The gas may be a buffer gas such as Hydrogen, Helium or some other gas that is
present and/or useful in the chamber such as a cleaning gas, e.g.. halogen andfor a
gas that is benign in the chamber. Alternatively, a suction (not shown} may be
provided to create the gas flow from an existing buffer/cleaning gas to redirect

droplets. As another alternative, a flow of gas (not shown} may be used to direct

2

o

droplets from a first droplet stream path non-intersecting the frradiation sife {ie,, the
path used duwing an Intervening time) to a second droplet stream path which
intersects with the kradiation site for generating EUV during g burst of pulses,

In another aliemative atrangement (net shown), & gas How may be used to
accelerate or decelerate droplets in the direction of droplet streamn fravel. For
example, a portion of the droplet stream may travel through an elongated tube
allowing gas to be directed In the wbe and along the droplet streamy. Diging a burst
petiod, gas flow is stopped and droplets reach the irradiation site 306 at the same

time as a focused laser beam pulse, At the onset of an intervening period, e.g. upon
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veceipt of a Burst Stop command from the exposwre tool, the droplets may be
accelerated or decelerated using a gas flow such that droplets reach the rradiation
site 306 before or after a focused laser beam pulse, and thus, do not produce a
substantial plasma formation.

Fig. 12 ilustrates an arvangemient 330 in which a droplet stream 352 is
allowed to travel along a first droplet stream path 354 intersecting an irvadiation site
356 for generating BUV during a burst of pulses, and is blocked from travelling
along the path 354 during an intervening time. As shown, the arrangement 340 may
include a blocking system having a block 358 such as a plate or pan that is moveable
in the direction of arrow 360 front & first position which allows droplets {o travel
unimpeded along droplet path 354, to a second position in which droplets strike and
are collected or deflected by the block., T use, droplets reach the iivadiation site 306
during a burst period where they are hradiated by a focused laser beam pulse to
produce an BEUV emitting plasma. At the onset of an intervening period, e.g., upon
receipt af a Burst Stop conmmand from the exposure tool, the block is moved to
intercept droplets, such that droplets reach the lrradiation site 306, and thus, do not
produce a substantial plasma formation.

While the particular embodimeni(s) described and illustrated in this patent
application in the detail required to satisfy 35 US.C. §112 are fully capable of
attaining one or more of the above-described purposes for, problems to be solved by,
oy any athier reasons for or objects of the embodiment(s) above-described, it is to be
suderstood by those skilled in the art that the above-desciibed embodiment(s) are
merely exemplary, illustrative and representative of the subject matter which is
broadly contempiated by the present application. Reference to an element in the
following Claims in the singular is not intended to mean nor shall # mean in
interpreting such Claim clement "one and only vne” unless explicitly so stated, bal
rather "one or more”.  All structural and functional eguivalents to any of the
elements of the above-described embodiment(s) that are known or later come to he
known to those of ordinary skill in the ant are a\'i}lfbﬂi‘"}r incorporated herein by
reference and are intended o be encompassed by the present Claims, Any term used

3

in the Specification andfor in the Claims and expressly given a meaning in the
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Specification and/or Claims in the present Applicgtion shall have that meaning,
regardiess of any dictionary or other commonly used meaning for such a term. Itis
not intended or necessary for a device or method discussed in the Specification as an
embodiment to address or solve each and every problem discussed in this
Application, for it to be cocompassed by the present Claims.  No elewent,
component, or method step in the present disclosure is intended o be dedicated ©
the public vegardiess of whether the element, component, or method step is
explicitly recited in the Claims. No claim element in the appended Claims is to be

o~ ¥ }

construed under the provisions of 35 ULS.C. §112, sixth paragraph, unless the
element is expressly recited using the phrase "means for" or, in the case of a method

clain, the element is reciied as a "step” jnstead of an "act”,
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CLAIMS
WE CLAIMG

i A device comprising;

a droplet generator producing droplets of target material;

a sensor providing an intercept time signal when a droplet reaches g preselected
focation

a delay circuit coupled with sald sensor, the delay olreuit generating a trigger
signal delayed from the intercept time signal;

4 laser source responsive to a trigger signal o produce a laser pulse; and

a system controliing said delay cireuit to provide a trigger sigoal delaved from
the intercept time by a fiest delay time to generate @ lght pulse that is focused on a
droplet and g trigger signal delayed from the intercept time by a second delay time to

generate g Heht pulse which is not focused on a droplet,

2. The device as recited in claim 1 whetein the first delay time is longer
than the second delay time.
3. The device as recited in ¢laim 1 whoerein the fivst delay thme is shorter

than the second delay time,

4, The device as teeited in olaim | whereln the sensor comprises a laser

source and g detector,

S. The devize as recited in clabn 1 wherein the delay cirouit comprises a

digital shift yegister,

& A method for producing BUV pulses in at least two burst periods, the
burst periods separated by an intervening period, the method comprising the steps

of;
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gensrating target material droplets dwring each burst period and during the
intervening pertod;

generating laser pulses dwing each bwrst period and dwing the intervewmng
perind; and

focusing laser pulses on vespective droplets to produce an EUV output during
hurst pertods; and

producing a distance between a laser focal spot and droplet during an intervening
period.

7. The method recited in claim 6 wherein said producing step Is

accomplished by providing different laser trigger fiming relative to droplet position

for the burst period than the intervening period,

8. The method recited in claim 6 wherein droplets travel along a st
path toward an hradiation site duting a burst period and sald producing siep is
accomplished by redivecting droplets to & second path nonintersecting with the

irradiation site during the intervening period.

9, The method recifed in claim & wherein the laser pulses are focused to
a focal spot at an irradiation siie during » burst period and said producing step is
accomplished by moving the focal spot to a loration distanced from the irradiation

site during the intervening period.

10, An Bxtreme Ultraviolet {EUV) light source producing EUV pulses in
at least two burst periods, the burst periods separated by an intervening period, the
EUV light source comprising:

a droplet generator producing droplets of target material during cach burst peried
and during the intervening period;
a laser source producing laser pulses during each burst period and during the

intervening period; and
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a system operable to reconfigure said EUV light source from a burst pertod
configuration in which laser pulses interact with target material to produce an EUV
cutput and an intervening period configuration in which light pulses do not interact

with target material to produce an EUV output.

1. The EUV light source recited in claim 10 wherein said system
provides different Iaser trigger timing relative to droplet position for the burst period

3

than the intervening period.
12, The BUV light source recited in claim 11 wherein said trigger Uming
s delayed in satd intervening period relative to said burst period,

13, The EUV light sowrce rectied in claim 11 wherein said {rigger timing

b

advanced in said intervening period relative to said burst period,

;;:;,

i4.  The EUV light source recited in claim 10 wherein droplets travel
along a first path toward an {rradiation site during a burst period and sald system
redirects droplets to a second path nonintersecting with the irradiation site during the

intervening period.

15, The EUV Hght source recited i1y claim 14 wherein the system charges
droplets during the intervening period and deflects droplets from the fiest path using
a field selected from the group of fields consisting of an electrie field, a magnetic

ficld or a combination thereof,

16, The BEUV light source recited in claim 14 whereln the droplet
generator includes a nozzle and the systeny coraprises an actuator moving said

nozzle,

n

17, The EUV hght source recited in claim 14 wherein the system

comprises & gas flow to redirect droplets
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18, The BUV light source recited in claim 10 wherein the laser pulses are

o]

ocused to a focal spot at an irradiation sile during a burst peripd and the system

s

o .

moves the focal spot 10 a location distanced from the irradiation site during the

intervening period,

19, The EUV Hght source recited in ¢laim 18 wherein the laser pulses are
e Ly
fooused using at least one focusing optic and the systerm moves at least one focusing

aptic o change the focal spot location,

20, The EUV light source recited in claim 18 wherein the laser pulses are
steered using at least one steering optic and the system moves at {east one steering

optic to change the focal spot logation.

21, The EUV light source recited in clalm 10 wherein said system
provides different laser trigger timing relative to droplet position for the burst period
than the intervening period and the laser pulses are focused to a focal spot al an
irradiation site during a burst period and the system moves the focal spot 1o a

location distanced from the irradiation site during the intervening period,
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