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(57) Abstract: An EUV light generation system and method is disclosed that may comprise a droplet generator producing plasma
source material target droplets traveling toward the vicinity of a plasma source material target irradiation site; a drive laser; a drive
laser focusing optical element having a first range of operating center wavelengths; a droplet detection radiation source having a
second range of operating center wavelengths; a drive laser steering element comprising a material that is highly reflective within
at least some part of the first range of wavelengths and highly transmissive within at least some part of the second range of center
wavelengths; a droplet detection radiation aiming mechanism directing the droplet detection radiation through the drive laser steering
element and the lens to focus at a selected droplet detection position intermediate the droplet generator and the irradiation site. The
apparatus and method may further comprise a droplet detection mechanism that may comprise a droplet detection radiation detector
positioned to detect droplet detection radiation reflected from a plasma source material droplet.
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TITLE
LPP EUV Plasma Source Material Target Delivery System
Alexander N. Bykanov
J. Martin Algots

Oleh Khodykin
Oscar Hemberg

FIELD OF THE INVENTION

The present invention related to Extreme ultraviolet (“EUV™) light source

systems.
RELATED APPLICATIONS

The present application claims priority to U.S. application Ser. No.
11/174,443, entitled LPP EUV PLASMA SOURCE MATERIAL TARGET
DELIVERY SYSTEM, filed on June 29, 2005, and is related to co-pending U.S.
application Ser. No. 11/021,261, entitled EUV LIGHT SOURCE OPTICAL
ELEMENTS, filed on December 22, 2004, Attorney Docket No. 2004-0023-01, and
Ser. No. 10/979,945, entitled EUV COLLECTOR DEBRIS MANAGEMENT, filed
on November 1, 2004, Attorney Docket No. 2004-0088-01, Ser. No. 10/979,919,
entitled LPP EUV LIGHT SOURCE, filed on November 1, 2004, Attorney Docket
No. 2004-0064-01, Ser. No. 10/900,839, entitled EUV Light Source, filed on July
27, 2004, Attorney Docket No. 2004-0044-01, Ser. No. 10/798,740, filed on March
10, 2004, entitled COLLECTOR FOR EUV LIGHT SOURCE, Attorney Docket No.
2003-0083-00, Ser. No. 11/067,124, filed February 25, 2005, entitled METHOD
AND APPARATUS FOR EUV PLASMA SOURCE TARGET DELIVERY,
Attorney Docket No. 2004-0008-01, Ser. No. 10/803,526, filed on March 17, 2004,
entitled, A HIGH REPETITION RATE LASER PRODUCED PLASMA EUV
LIGHT SOURCE, Attorney Docket No. 2003-0125, Ser. No. 10/409,254, entitled
EXTREME ULTRAVIOLET LIGHT SOURCE, filed on April 8, 2003, Attorney
Docket No. 2002-0030-01, and 10/798,740, entitted COLLECTOR FOR EUV
LIGHT SOURCE, filed on March 10, 2004, Attorney Docket No. 2003-0083-01,
and 10/615,321, entitled A DENSE PLASMA FOCUS RADIATION SOURCE,
filed on July 7, 2003, Attorney docket No. 2003-0004-01, and 10/742,233, entitled
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DISCHARGE PRODUCED PLASMA EUV LIGHT SOURCE, filed on December
18, 2003, Attorney docket No. 2003-0099-01, and 10/442,544, entitled A DENSE
PLASMA FOCUS RADIATION SOURCE, filed on May 21, 2003, Attorney
Docket No. 2003-0132-01, all co-pending and assigned to the common assignee of
the present application, the disclosures of each of which are hereby incorporated by

reference.

BACKGROUND OF THE INVENTION

Laser produced plasma (“LPP”) extreme ultraviolet light (“EUV”), e.g., at
wavelengths below about 50 nm, using plasma source material targets in the form of
a jet or droplet forming jet or droplets on demand comprising plasma formation
material, e.g., lithium, tin, xenon, in pure form or alloy form (e.g., an alloy that is a
liquid at desired temperatures) or mixed or dispersed with another material, e.g., a
liquid. Delivering this target material to a desired plasma initiation site, e.g., at a
focus of a collection optical element presents certain timing and control problems
that applicants propose to address according to aspects of embodiments of the

present invention.

SUMMARY OF THE INVENTION

An EUV light generation system and method is disclosed that may comprise
a droplet generator producing plasma source material target droplets traveling
toward the vicinity of a plasma source material target irradiation site; a drive laser; a
drive laser focusing optical element having a first range of operating center
wavelengths; a droplet detection radiation source having a second range of operating
center wavelengths; a drive laser steering element comprising a material that is
highly reflective within at least some part of the first range of wavelengths and
highly transmissive within at least some part of the second range of center
wavelengths; a droplet detection radiation aiming mechanism directing the droplet
detection radiation through the drive laser steering element and the lens to focus at a
selected droplet detection position intermediate the droplet generator and the

irradiation site. The apparatus and method may further comprise a droplet detection
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mechanism that may comprise a droplet detection radiation detector positioned to
detect droplet detection radiation reflected from a plasma source material droplet.
The droplet detection radiation source may comprise a solid state low energy laser.
The droplet detection radiation aiming mechanism may comprise a mechanism
selecting the angle of incidence of the droplet detection radiation on the drive laser
steering element. The apparatus and method may comprise a droplet detection
radiation detector comprising a radiation detector sensitive to light in the second
range of center wavelengths and not sensitive to radiation within the second range of
center wavelengths. The droplet detection radiation may be focused to a point at or
near the selected droplet detection position such that the droplet detection radiation
reflects from a respective plasma source material target at the selected droplet
detection position. The EUV plasma source material target delivery system may
comprise a plasma source material target formation mechanism which may comprise
a plasma source target droplet formation mechanism comprising a flow passageway
and an output orifice; a stream control mechanism comprising an energy imparting
mechanism imparting stream formation control energy to the plasmé source material
droplet formation mechanism to at least in part control a characteristic of the formed
droplet stream; and, an imparted energy sensing mechanism sensing the energy
imparted to the stream control mechanism and providing an imparted energy error
signal. The target steering mechanism feedback signal may represent a difference
between an actual energy imparted to the stream control mechanism and an
actuation signal imparted to the energy imparting mechanism. The flow passageway

may comprise a capillary tube.

BRIEF DESCRIPTION OF THE DRAWINGS
FIG. 1 shows schematically and in block diagram form an exemplary
extreme ultraviolet (“EUV™) light source (otherwise known as a soft X-ray light
source) according to aspects of an embodiment of the present invention;
FIG. 2 shows a schematic block diagram of a plasma source material target

tracking system according to aspects of an embodiment of the present invention;
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FIG. 3 shows partly schematically a cross-sectional view of a target droplet

delivery system according to aspects of an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Turning now to FIG. 1 there is shown a schematic view of an overall broad
conception for an EUV light source, e.g., a laser produced plasma EUV light source
20 according to an aspect of the present invention. The light source 20 may contain
a pulsed laser system 22, e.g., a gas discharge excimer or molecular fluorine laser
operating at high power and high pulse repetition rate and may be a MOPA
configured laser system, e.g., as shown in United States Patents Nos. Patents Nos.
6,625,191, 6,549,551, and 6,567,450. The light source 20 may also include a target
delivery system 24, e.g., (ielivering targets in the form of liquid droplets, solid
particles or solid particles contained within liquid droplets. The targets may be
delivered by the target delivery system 24, e.g., into the interior of a chamber 26 to
an irradiation site 28, otherwise known as an ignition site or the sight of the fire ball,
which is where irradiatioﬁ by the laser causes the plasma to form from the target
material. Embodiments of the target delivery system 24 are described in more detail
below.

Laser pulses delivered from the pulsed laser system 22 along a laser optical
axis 55 through a window (not shown) in the chamber 26 to the irradiation site,
suitably focused, as discussed in more detail below in coordination with the arrival
of a target produced by the target delivery system 24 to create an x-ray releasing
plasma, having certain characteristics, including wavelength of the x-ray light
produced, type and amount of debris released from the plasma during or after
ignition, according to the material of the target.

The light source may also include a collector 30, e.g., a reflector, e.g., in the
form of a truncated ellipse, with an aperture for the laser light to enter to the
irradiation site 28. Embodiments of the collector system are described in more
detail below. The collector 30 may be, e.g., an elliptical mirror that has a first focus
at the plasma initiation site 28 and a second focus at the so-called intermediate point

40 (also called the intermediate focus 40) where the EUV light is output from the
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light source and input to, e.g., an integrated circuit lithography tool (not shown).
The system 20 may also include a target position detection system 42. The pulsed
system 22 may include, e.g., a master oscillator-power amplifier (“MOPA”)
configured dual chambered gas discharge laser system having, e.g., an oscillator
laser system 44 and an amplifier laser system 48, with, e.g., a magnetic reactor-
switched pulse compression and timing circuit 50 for the oscillator laser system 44
and a magnetic reactor-switched pulse compression and timing circuit 52 for the
amplifier laser system 48, along with a pulse power timing monitoring system 54 for
the oscillator laser system 44 and a pulse power timing monitoring system 56 for the
amplifier laser system 48. The system 20 may also include an EUV light source
controller system 60, which may also include, e.g., a target position detection
feedback system 62 and a firing control system 64, along with, e.g., a laser beam
positioning system 66.

The target position detection system 42 may include a plurality of droplet
imagers 70, 72 and 74 that provide input relative to the position of a target droplet,
e.g., rélative to the plasma initiation site and provide these inputs to the target
position detection feedback system, which can, e.g., compute a target position and
trajectory, from which a target error can be computed, if not on a droplet by droplet
basis then on average, which is then provided as an input to the system controller 60,
which can, e.g., provide a laser position and direction correction signal, e.g., to the
laser beam positioning system 66 that the laser beam positioning system can use,
e.g., to control the position and direction of he laser position and direction changer
68, e.g., to change the focus point of the laser beam to a different ignition point 28.

The imager 72 may, e.g., be aimed along an imaging line 75, e.g., aligned
with a desired trajectory path of a target droplet 94 from the target delivery
mechanism 92 to the desired plasma initiation site 28 and the imagers 74 and 76
may, e.g., be aimed along intersecting imaging lines 76 and 78 that intersect, e.g.,
alone the desired trajectory path at some point 80 along the path before the desired
ignition site 28.

The target delivery control system 90, in response to a signal from the
system controller 60 may, e.g., modify the release point of the target droplets 94 as
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released by the target delivery mechanism 92 to correct for errors in the target
droplets arriving at the desired plasma initiation site 28.

An EUV light source detector 100 at or near the intermediate focus 40 may
also provide feedback to the system controller 60 that can be, e.g., indicative of the
errors in such things as the timing and focus of the laser pulses to properly intercept
the target droplets in the right place and time for effective and efficient LPP EUV
light production.

Turning now to FIG. 2 there is shown in schematic block diagram form a
plasma source material target tracking system according to aspects of an
embodiment of the present invention for tracking plasma source material targets,
e.g., in the form of droplets of plasma source material to be irradiated by a laser
beam to form an EUV generating plasma. The combination of high pulse rate laser
irradiation from one or more laser produced plasma EUV drive laser pulsed lasers
and droplet delivery at, e.g., several tens of kHz of droplets, can create certain
problems for accurately triggering the laser(s) due to, e.g., jitter of the droplet
velocity and/or the creation of satellite droplets, which may cause false triggering of
the laser without the proper targeting to an actual target droplet, i.e., targeting a
satellite droplet of a droplet out of many in a string of droplets. For example, where
one or more droplets are meant to shield upstream droplets from the plasma formed
using a preceding droplet, the wrong droplet in the string may be targeted.
Applicants propose certain solutions to these types of problems, e.g., by using an
improved optical scheme for the laser triggering which can improve the stability of
radiation output of a target-droplet-based LPP EUV light source.

As can be seen in FIG. 2 a schematic block diagram of the optical targeting
system is illustrated by way of example. Droplets 94 can be generated by the
droplet generator 92. An optical intensity signal 102 may be generated by a droplet
imager, €.g., the imager 70 shown schematically in FIG. 1, which is represented
more specifically by a photo-detector 135 in FIG. 2. The photo-detector may detect,
e.g., areflection of light from, e.g., a detection light source, e.g., a low power laser
light source 128, which may be, e.g., a continuous wave (“CW”) solid state laser, or

a HeNe laser. This reflection can occur, e.g., when a droplet 94 intersects a focused
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CW laser radiation beam 129 from the CW laser 128. The photo-detector 135 may
be positioned such that the reflected light from the droplet 94 is focused on the
photo-detector 135, e.g., with or without a lens 134. The signal 102 from the photo-
detector 135 can, e.g., trigger the main laser drive controller, e.g., 60 as illustrated
schematically in FIG 1 and more specifically as 136 in FIG. 2.

Initially laser radiation 132 from the main laser 131 (which may be one of
two or more main drive lasers) may be co-aligned with laser radiation 129 from CW
laser 128 by using, for example, 45 degrees dichroic mirrors 141 and 142.

It will be understood that there is a certain total delay time t between the
laser trigger, e.g., in response to the controller 136 receiving the signal 102 from the
photo-detector, and the generation of a laser trigger signal to the laser, e.g., a solid
state YAG laser, and for the laser then to generate a pulse of laser radiation, e.g.,
about 200us for a YAG laser. Furthermore, if the drive laser is a multistage laser
system, e.g., a master oscillator-power amplifier or power oscillator (“MOPA” or
“MOPO”), with, e.g., a solid state YAG laser as the MO and a gas discharge laser,
e.g., an excimer or molecular fluorine or CO; laser as the PA or PO, there is a delay
from the generation of the of the seed laser pulse in the master oscillator portion of
the laser system and the output of an amplified laser pulse from the amplifier section
of the laser, usually on the order of tens of ns. This total error time 71, depending on
the specific laser(s) used and the specific configuration, may be easily determined as
will be understood by those skilled in the art.

Thus the focus of CW beam 129 according to aspects of an embodiment of
the present invention can be made to be separated from the focus of the main laser(s)
131 (plasma source material droplet irradiation site 28) with the distance of Al = v *
11, where v is average velocity of the droplets 94. The system may be set up so that
the droplets 94 intersect the CW beam 129 prior to the main laser(s) beam(s) 132.
This separation may be, e.g., 200-400um for the droplet velocities of 1-2 m/s, e.g.,
in the case of a single stage solid state YAG drive laser and, e.g., a steady stream of
a droplet-on-demand droplet generator 92.

According to aspects of an embodiment of the present invention applicants

propose turning the mirror 142 to provide for this selected amount of separation
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between the triggering detection site 112 and the plasma source material irradiation
site 28. Such a small separation with respect to L (output of the droplet generator 94
to plasma initiation site 28) improves proper targeting and, thus EUV output. For
example, for L=50mm and droplet velocity 10m/sec, e.g., a 10% of droplet to
droplet velocity variation can give droplet position jitter of about 0.5mm, which may
be several times large than the droplet diameter. In the case of 500pm separation
this jitter is reduced to Sum.

The reflected light 150 from the target droplet 94 intersected by the CW laser
beam 129, focused through the same focusing lens 160 as the drive laser light beam
132 may be focused on the photo-detector 135 by another focusing lens 152.
Focusing the CW droplet detection light beam 129 through the same focusing lens
160 as the drive laser beam 132 can, e.g., result in a self-aligned beam steering
mechanism and one which uses the same laser input window, thereby facilitating the
arrangement of the window protection and cleaning, i.e., one less window is needed.

According to aspects of an embodiment of the present invention using a
focused CW radiation can reduce the possibility of triggering from the satellite
droplets and also increase the triggering reliability due to increased signal intensity
as compared to the two serial CW curtains, which were proposed for optical
triggering. Applicants in operating prototype liquid metal droplet generators for
producing plasma source material target droplets have found that some means of
correcting for drift/changes in a droplet generator actuator, e.g., an actuator using
PZT properties and energy coupling to displace some portion or all of a droplet
generator, e.g., the capillary along with a nozzle at the discharge end of the capillary
and/or an output orifice of the capillary or the nozzle, over time. Correcting for such
modifications over time can be used, according to aspects of an embodiment of the
present invention to attain stable long-term operation.“

By, e.g., optically sensing the droplet formation process, e.g., only changes
large enough to cause droplet stability problems may be detected, e.g., by detecting a
displacement error for individual droplets or an average over a selected number of
droplets. Further such detection may not always provide from such droplet stability

data what parameter(s) to change, and in what fashion to correct for the droplet
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instability. For example, it could be an error in, e.g., the x-y position of the output
orifice, the angular positioning of the capillary, the displacement force applied to the
plasma source material liquid inside the droplet generator for droplet/liquid jet
formation, the temperature of the plasma formation material, etc. that is resulting in
the droplet stability problems.

According to aspects of an embodiment of the present invention a closed
loop control system may be utilized to maintain stable target droplet formation and
delivery operation at a fixed frequency, e.g., by monitoring the actual
displacement/vibration or the like of the liquid capillary tube or orifice in
comparison to an actuator signal applied to an actuator to apply cause such
displacement/vibration. In such a control system the dominant control factor would
not be the PZT drive voltage but the energy transferred to at least some portion of
the droplet generating mechanism and, the resulting induced movement/vibration,
etc. As such, the use of this parameter as feedback when controlling, e.g., the
actuator drive voltage can be a more correlated and stable measure of the changes
needed to induce proper droplet formation and delivery. Also, monitoring the drive
voltage/induced motion relationship (including off frequency motion etc.) can be an
effective way to detect early failure symptoms, e.g., by sensing differences between
an applied actuator signal and a resultant movement/vibration outside of some
selected threshold difference.

A PZT drive voltage feedback system utilizing the actual motion/vibration
imparted by the PZT as a feedback signal, according to aspects of an embodiment of
the present invention is illustrated by way of Example in FIG. 3. The sensor could
be another PZT, a laser based interferometric sensor, a capacitive sensor or other
appropriate sensor. Turning now to FIG. 3 there is shown, partly in cross section
and partly schematically, a portion of an EUV plasma source material target delivery
system 150, which may comprise a capillary 152 having a capillary wall 154 that
may terminate, e.g., in a bottom wall 162, and be attached thereto by, e.g., being
welded in place. The capillary wall 154 may be encased in part by an actuator 160,
which may, e.g., be an actuatable material that changes size or shape under the

application of an actuating field, e.g., an electrical field, a magnetic field or an
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acoustic field, e.g., a piezoelectric material. It will be understood that the material
may simply try to change shape or size thus applying desired stress or strain to an
adjacent material or structure, e.g., the capillary wall 154.

The system 150 may also comprise an orifice plate 164, including a plasma
source material liquid stream exit orifice 166 at the discharge end of the capillary
tube 152, which may or may not constitute or be combined with some form of
nozzle. The output orifice plate 164 may also be sealed to the plasma source
material droplet formation system by an o-ring seal 168.

It will be understood that in operation the plasma source material droplet
formation system 150 may form, e.g., in a continuous droplet delivery mode, a
stream 170 of liquid that exits the orifice 166 and eventually breaks up into droplets
172, depending on a number of factors, among them the type of plasma source
material being used to form the droplets 172, the exit velocity and size of the stream
170, etc. The system 150 may induce this formation of the exit stream 170, e.g., by
applying pressure to the plasma source material in liquid form, e.g., in a reservoir
(not shown) up stream of the capillary tube 152. The actuator 160 may serve to
impart some droplet formation influencing energy to the plasma source material
liquid, e.g., prior to exit from the exit orifice 166, e.g., by vibrating or squeezing the
capillary tube 152. In this manner, e.g., the velocity of the exit stream and/or other
properties of the exit stream that influence droplet 172 formation, velocity, spacing,
etc., may be modulated in a desired manner to achieve a desired plasma source
material droplet formation as will be understood by those skilled in the art.

It will be understood that over time, this actuator 160 and its imﬁact on, e.g.,
the capillary tube and thus droplet 172 formation may change. Therefore, according
to aspects of an embodiment of the present invention, a sensor 180 may also be
applied to the plasma source material formation and delivery system element, e.g.,
the capillary tube 152, e.g., in the vicinity of the actuator 160 to sense, €.g., the
actual motion/vibration or the like applied to the, e.g., capillary tube by the actuator
in response to an actuator signal 182 illustrated graphically in FIG. 4A.

A controller (not shown) may compare this actuator 160 input signal, e.g., of

FIG. 3 with a sensor 180 output signal 184, to detect differences, e.g., in amplitude,

10
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phase, period, etc. indicating that the actual motion/vibration, etc. applied to the,
e.g., capillary tube 152 measured by the sensor is not correlated to the applied signal
182, sufficiently to detract from proper droplet formation, size, velocity, spacing and
the like. This is again dependent upon the structure actually used to modulate
droplet formation parameters and the type of materials used, e.g., plasma source
material, actuatable material, sensor material, structural materials, etc., as will be
understood by those in the art.

Applicants have found through experimentation results of LPP with tin
droplets indicate that the conversion efficiency may be impacted negatively by
absorption of the produced EUV radiation in the plasma plume. This has led
applicants to the conclusion that the tin droplet targets can be improved, according
to aspects of an embodiment of the present invention, e.g., by being diluted by some
means.

Additionally, according to testing by applicants a tin droplet jet may suffer
from unstable operation, it is believed by applicants to be because the droplet
generator temperature cannot be raised much above the melting point of tin (232 °C)
in order not to damage associated control and metrology units, e.g., a piezo crystal
used for droplet formation stimulation. A lower operating temperature (than the
current temperature of 250 °C) would be beneficial for more stable operation.

According to aspects of an embodiment of the present invention, therefore,
applicants propose to use, e.g., eutectic alloys containing tin as droplet targets. The
droplet generator can then be operated at lower temperatures (below 250 °C).
Otherwise, if the generator is operated at the same or nearly the same temperature as
has been the case, i.e., at about 250°C, the alloy can, e.g., be made more viscous
than the pure tin at this same temperature. This can, e.g., provide better operation of
the droplet jet and lead to better droplet stability. In addition, the tin so diluted by
other metal(s), should be beneficial for the plasma properties, especially, if, e.g., the
atomic charge and mass number of the added material is lower than that of tin.
applicants believe that it is better to add a lighter element(s) to the tin rather than a

heavier element like Pb or Bi, since the LPP radiates preferentially at the transitions
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of the heaviest target element material. The heaviest element usually dominates the
emission.

On the other hand, lead (Pb) for example does emit EUV radiation at 13.5
nm in LPP. Therefore, Pb and likely also Bi may be of use as admixtures, even
though the plasma is then likely to be dominated by emission of these metals and
there may be more out-of-band radiation.

Since the alloy mixture is eutectic, applicants believe there will be no
segregation in the molt and all material melts together and is not separated in the
molt. An alloy is eutectic when it has a single melting point for the mixture. This
alloy melting point is often lower than the melting points of the various components
of the alloy. The tin in the droplets is diluted by other target material(s). Applicants
also believe that this will not change the plasma electron temperature by a great
amount but should reduce EUV absorption of tin to some degree. Therefore, the
conversion efficiency can be higher. This may be even more so, if a laser pre-pulse
is used, since the lighter target element(s) may then be blown off faster in the initial
plasma plume from the pre-pulse. These lighter atoms are also not expected to
absorb the EUV radiation as much as the tin.

Indium is known to have EUV emission near 14 nm. Therefore, the indium —
tin binary eutectic alloy should be quite useful. It has a low melting point of only
118 °C. A potential disadvantage may be that now not only tin debris but also debris
from the other target material(s) may have to be mitigated. However, for a HBr
etching scheme it may be expected that for example indium (and some of the other
elements proposed as alloy admixtures) can be etched pretty much in the same way
as tin.

According to aspects of an embodiment of the present invention a tin droplet
generator may be operated with other than pure tin, i.e., a tin containing liquid
material, e.g., an eutectic alloy containing tin. The operating temperature of the
droplet generator can be lower since the melting point of such alloys is generally
lower than the melting point of tin. Appropriate tin-containing eutectic alloys that
can be used are listed below, with the % admixtures and the associated melting

point. For comparison with the above noted melting point of pure Sn, i.d., 232 °C.

12
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48 Sn /52 In (m. p. 118 °C),

91 Sn/9 Zn (m. p. 199 °C),

99.3 Sn/ 0.7 Cu (m. p. 227 °C),

93.6 Sn/ 3.5 Ag/ 0.9 Cu (m. p. 217 °C)

81Sn/9Zn/ 10 In (m. p. 178 °C, which applicants believe to be eutectic
96.5 Sn/ 3.5 Ag (m. p. 221 °C),

93.5Sn/38b/2Bi/ 1.5 Cu(m. p. 218 °C),

42 Sn /58 Bi (m. p. 138 °C, ), can be dominated by emission from bismuth
63 Sn/ 37 Pb (m. p. 183 °C, can be partly dominated by emission from lead
Sn/Zn/ Al (m. p. 199 °C

Also useful may be Woods metal with a melting point of only 70 °C, but it
does not contain a lot of tin, predominantly it consists of Bi and Pb (Woods metal:
50Bi/25Pb/12.5Cd/12.5 Sn).

It will be understood by those skilled in the art that an EUV light generation
system and method is disclosed that may comprise a droplet generator producing
plasma source material target, e.g., droplets of plasma source material or containing
plasma source material within or combined with other material, e.g., in a droplet
forming liquid. The droplets may be formed from a stream or on a droplet on
demand basis, e.g., traveling toward the vicinity of a plasma source material target
irradiation site. It will be understood that the plasma targets, e.g., droplets are
desired to intersect the target droplet irradiation site but due to, e.g., changes in the
operating system over time, e.g., drift in certain control system signals or parameters
or actuators or the like, may drift from the desired plasma initiation (irradiation) site.
The system and method, it will be understood, may have a drive laser aimed at the
desired target irradiation site, which may be, e.g., at an optical focus of an optical
EUV collector/redirector, e.g., at one focus of an elliptical mirror or aimed to
intersect the incoming targets, e.g., droplets at a site in the vicinity of the desired
irradiation site, e.g., while the control system redirects the droplets to the desired
droplet irradiation site, e.g., at the focus. Either or both of the droplet delivery
system and laser pointing and focusing system(s) may be controlled to move the

intersection of the drive laser and droplets from a point in the vicinity of the desired
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plasma formation site (i.e., perfecting matching the plasma initiation site to the focus
of the collector) to that site. For example, the target delivery system may drift over
time and use and need to be corrected to properly deliver the droplets to the laser
pointing and focusing system may direct the laser to intersect wayward droplets only
in the vicinity of the ideal desired plasma initiation site, while the droplet delivery
system is being controlled to correct the delivery of the droplets, in order to maintain
some plasma initiations, thought the collection may be less than ideal, they may be
satisfactory to deliver over dome time period an adequate dose of EUV light. Thus
as used herein and in the appended claims, “in the vicinity” according to aspects of
an embodiment of the present invention means that the droplet generation and
delivery system need not aim or delivery every droplet to the ideal desired plasma
initiation but only to the vicinity accounting for times when there is a error in the
delivery to the precise ideal plasma initiation site and also while the system is
correcting for that error, where the controls system, e.g., due to drift induced error is
not on target with the target droplets and while the error correction in the system is
stepping or walking the droplets the correct plasma initiation site. Also there will
always be some control system jitter and the like or noise in the system that may
cause the droplets not to be delivered to the precise desired target irradiation site of
plasma initiation site, such that “in the vicinity” as used accounts for such
positioning errors and corrections thereof by the system in operation.

The system may further comprise a drive laser focusing optical element
having a first range of operating center wavelengths, e.g., at least one spectrum with
a peak centered generally at a desired center wavelength in the EUV range. A
droplet detection radiation source having a second range of operating center
wavelengths may be provided, e.g., in the form of a relatively low power solid state
laser light source or a HeNe laser. A laser steering mechanism, e.g., an optical
steering element comprising a material that'is highly reflective within at least some
part of the first range of wavelengths and highly transmissive within at least some
part of the second range of center wavelengths may be provided, e.g., a material that
reflects the drive laser light into the EUV light source plasma production chamber

and directly transmits target detection radiation into the chamber. A droplet
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detection aiming mechanism may also be provided, such as another optical element
for directing the droplet detection radiation through the drive laser steering element
and the a lens to focus the drive laser at a selected droplet irradiation site at or in the
vicinity of the desired site, e.g., the focus. For example, the droplet detection aiming
mechanism may change the angle of incidence of the droplet detection radiation on
the laser beam steering element thus, e.g., directing it to a detection position
intermediate the droplet generator and the irradiation site. Advantageously, e.g., the
detection point may be selected to be a fixed separation in a selected direction from
the selected irradiation site determined by the laser steering element as is selected by
the change in the angle of the detection radiation on the steering optical element that
steers the drive laser irradiation. The apparatus and method may further comprise a
droplet detection mechanism that may comprise a droplet detection radiation
detector, e.g., a photodetector sensitive to the detection radiation, e.g., HeNe laser
light wavelength, e.g., positioned to detect droplet detection radiation reflected from
a plasma source material droplet. The droplet detection radiation detector may be
selected to be not sensitive to radiation within a second range of center wavelengths,
e.g., the drive laser range of radiation wavelengths. The droplet detection radiation
may be focused to a point at or near the selected droplet detection position such that
the droplet detection radiation reflects from a respective plasma source material
target at the selected droplet detection position.

The EUV plasma source material target delivery system may also comprise a
plasma source material target formation mechanism which may comprise a plasma
source target droplet formation mechanism comprising a flow passageway, e.g., a
capillary tube and an output orifice, which may or may not form the output of a
nozzle at the terminus of the flow passage. A stream control mechanism may be
provided, e.g., comprising an energy imparting mechanism imparting stream
formation control energy to the plasma source material droplet formation
mechanism, e.g., in the form of moving, shaking, vibrating or the like the flow
passage and/or nozzle or the like to at least in part control a characteristic of the
formed droplet stream. This characteristic of the stream it will be understood at least

in part determined the formation of droplets, either in an output jet stream or on a
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droplet on demand basis, or the like. An imparted energy sensing mechanism may
be provided for sensing the energy actually imparted to the stream control
mechanism, e.g., by detecting position, movement and/or vibration frequency or the
like and providing an imparted energy error signal, e.g., indicating the difference
between an expected position, movement and/or vibration frequency or the like and
the actual position, movement and/or vibration frequency or the like. The target
steering mechanism feedback signal may be used then to, e.g., modify the actual
imparted actuation signal, e.g., to relocate the or re-impose the actual position,
movement and/or vibration frequency or the like needed to, e.g., redirect plasma
source material targets, e.g., droplets, by use, e.g., of a stream control mechanism
responsive to the actuation signal imparted to the energy imparting mechanism and
thereby cause the targets, e.g., to arrive at the desired irradiation site, be of the
desired size, have the desired frequency and/or the desired spacing and the like.

It will be understood that such a system may be utilized to redirect the targets
not due to operating errors, but, e.g., when it is desired to change a parameter, e.g.,
frequency of target delivery or the like, e.g., due to a change in duty cycle, e.g., for a
system utilizing the EUV light, e.g., an integrated circuit lithography tool.

It will be understood by those skilled in the art that the aspects of
embodiments of the present invention disclosed above are intended to be preferred
embodiments only and not to limit the disclosure of the present invention(s) in any
way and particularly not to a specific preferred embodiment alone. Many changes
and modification can be made to the disclosed aspects of embodiments of the
disclosed invention(s) that will be understood and appreciated by those skilled in the
art. The appended claims are intended in scope and meaning to cover not only the
disclosed aspects of embodiments of the present invention(s) but also such
equivalents and other modifications and changes that would be apparent to those
skilled in the art. In additions to changes and modifications to the disclosed and
claimed aspects of embodiments of the present invention(s) noted above the

following could be implemented.
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CLAIMS

I/WE CLAIM:

1. An EUYV light generation system comprising:

a droplet generator producing plasma source material target droplets
traveling toward the vicinity of a plasma source material target irradiation site;

a drive laser;

a drive laser focusing optical element having a first range of operating center
wavelengths;

a droplet detection radiation source having a second range of operating
center wavelengths;

a drive laser steering element comprising a material that is highly reflective
within at least some part of the first range of wavelengths and highly transmissive
within at least some part of the second range of center wavelengths;

a droplet detection radiation aiming mechanism directing the droplet
detection radiation through the drive laser steering element and the lens to focus at a
selected droplet detection position intermediate the droplet generator and the

irradiation site.
2. The apparatus of claim 1 further comprising:
a droplet detection mechanism comprising:
a droplet detection radiation detector positioned to detect droplet detection

radiation reflected from a plasma source material droplet.

3. The apparatus of claim 1 further comprising:

the droplet detection radiation source comprises a laser.

4. The apparatus of claim 2 further comprising:

the droplet detection radiation source comprises a laser.

5. The apparatus of claim 1 further comprising:
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the droplet detection radiation aiming mechanism comprising a mechanism
selecting the angle of incidence of the droplet detection radiation on the drive laser

steering element.

6. The apparatus of claim 2 further comprising:
the droplet detection radiation aiming mechanism comprising a mechanism
selecting the angle of incidence of the droplet detection radiation on the drive laser

steering element.

7. The apparatus of claim 3 further comprising:
the droplet detection radiation aiming mechanism comprising a mechanism
selecting the angle of incidence of the droplet detection radiation on the drive laser

steering element.

8. The apparatus of claim 4 further comprising:
the droplet detection radiation aiming mechanism comprising a mechanism
selecting the angle of incidence of the droplet detection radiation on the drive laser

steering element.

9. The apparatus of claim 2 further comprising:
the droplet detection radiation detector comprising a radiation detector
sensitive to light in the second range of center wavelengths and not sensitive to

radiation within the second range of center wavelengths.

10. The apparatus of claim 4 further comprising:

the droplet detection radiation detector comprising a radiation detector
sensitive to light in the second range of center wavelengths and not sensitive to

radiation within the second range of center wavelengths.

11. The apparatus of claim 6 further comprising:
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the droplet detection radiation detector comprising a radiation detector
sensitive to light in the second range of center wavelengths and not sensitive to

radiation within the second range of center wavelengths.

12. The apparatus of claim 8 further comprising:
the droplet detection radiation detector comprising a radiation detector
sensitive to light in the second range of center wavelengths and not sensitive to

radiation within the second range of center wavelengths.

13. The apparatus of claim 5 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

14. The apparatus of claim 6 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

15. The apparatus of claim 7 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.
16. The apparatus of claim 8 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

17. The apparatus of claim 9 further comprising:
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the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

18. The apparatus of claim 10 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

19. The apparatus of claim 11 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

20. The apparatus of claim 12 further comprising:
the droplet detection radiation is focused to a point at or near the selected
droplet detection position such that the droplet detection radiation reflects from a

respective plasma source material target at the selected droplet detection position.

21. An EUV plasma source material target delivery system comprising:

a plasma source material target formation mechanism comprising;

a plasma source target droplet formation mechanism comprising a flow
passageway and an output orifice;

a stream control mechanism comprising an energy imparting mechanism
imparting stream formation control energy to the plasma source material droplet
formation mechanism to at least in part control a characteristic of the formed droplet
stream; and,

an imparted energy sensing mechanism sensing the energy imparted to the

stream control mechanism and providing an imparted energy error signal

22. The apparatus of claim 21 further comprising:
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the target steering mechanism feedback signal represents a difference
between an actual energy imparted to the stream control mechanism and an

actuation signal imparted to the energy imparting mechanism. -

23 The apparatus of claim 21 further comprising:
the flow passageway comprising a capillary tube.

24 The apparatus of claim 22 further comprising:
the flow passageway comprising a capillary tube.

25. An LPP EUV light generating apparatus comprising:
a plasma source material target droplet delivery mechanism;
plasma source material comprising a eutectic alloy of a target material and

another material.
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