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TITLE
Method and Apparatus for EUV Plasma Source Target Delivery Target
Material Handling
Alexander N. Bykanov
FIELD OF THE INVENTION

The present invention related to EUV light source generators using a plasma
and specifically to methods and apparatus for delivery of a plasma source material to
a plasma initiation site, which may be for a laser produced plasma or for a discharge
produced plasma.

RELATED APPLICATIONS

The present application claims priority to U.S. Application No. 11/067,073
entitled METHOD AND APPARATUS FOR EUV PLASMA SOURCE TARGET
DELIVERY TARGET MATERIAL HANDLING, filed on February 25, 2005,
Attorney Docket No. 2004-0097-01, 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. 10/979945,
eptitled EUYV Collector Debris Management, filed on November 1, 2004, Attorney
Docket No. 2004-0088-01, Ser. No. 10/979919, filed on November 1, 2004, entitled
LPP EUV Light Source, Attorney Docket No. 2004-0064-01, Ser. No. , 10/900839,
entitled EUV Light Source, Attorney Docket No. 2004-0044-01, Ser. No.
10/798740, entitled Collector For EUV Light Source, Attorney Docket No. 2003-
0083-01, the disclosures of which are hereby incorporated by reference, and to co-
pending application Ser. No. 11/067,124, entitled Method and Apparatus for EUV
Plasma Source Target Delivery, filed on February 25, 2005, Attorney Docket No.
2004-0008-01, the disclosure of which is also hereby incorporated by reference.

BACKGROUND OF THE INVENTION
It is known in the art to generate EUV light from the production of a plasma
of an EUV source material which plasma may be created by a laser beam irradiating

the target material at a plasma initiation site (i.e., Laser Produced Plasma, “LPP”) or
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may be created by a discharge between electrodes forming a plasma, e.g., at a
plasma focus or plasma pinch site (i.e., Discharge Produced Plasma “DPP”) and
with a target material delivered to such a site at the time of the discharge. Target
delivery in the form of droplets of plasma source material, which may, e.g., be mass
limited for better plasma generation conversion efficiency and lower debris
formation, are known techniques for placing the plasma source material at the
appropriate location and at the appropriate time for the formation of the plasma
either by LPP or DPP. A number of problems are known to exist in the art regarding
the delivery timing and positioning of the target at the plasma initiation site which
are addressed in the present application.

Commercially available lithium has purity of 99.99% (100 ppm). A method
of lithium purification is distillation as discussed in Nos. 4,738,716 and 4,842,254 at
a temperature of, e.g., 550°C for several hours (6 hours). This can decrease the
concentrations from 260 ppm to 5 ppm for Na and from 100 ppm to 2 ppm for K.

Both Na and K are condensed on a surface with temperature of 100°C.

SUMMARY OF THE INVENTION

An EUV target delivery system and method is disclosed which may
comprise: a liquid target delivery system target material reservoir; a target material
purification system connected to deliver liquid target material to the target material
reservoir comprising: a first container and a second container in fluid contact with
the target material reservoir; a filter intermediate the first chamber and the second
chamber; a liquid target material agitation mechanism cooperatively associated with
the second container an operative to rotate the liquid target material within the
second container to remove surface film to agitate the liquid target material in the
second container to prevent surface film from forming on the exposed surface of the
liquid target material or remove surface film formed on the exposed surface of the
liquid target material. The liquid target material agitation mechanism may comprise
an electromagnetic or magnetic stirring mechanism at least partly positioned outside
of the second container or within the second container, and may comprise a swirling

mechanism positioned within the second container or a flopping mechanism
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positioned within the second container. The swirling mechanism or flopping
mechanism may be driven by an electromagnetic or magnetic driver external to the
second container. The filter may comprise a mechanism for removing impurities
from the liquid target material such as liquid target material compounds of, e.g., Oz,
N and/or H>O. The liquid target material agitation mechanism may comprise a
moving magnetic field inducing rotational motion in the liquid target material due to
the passage of a rotating magnetic field through the liquid target material. The EUV
target delivery system may comprise a liquid target delivery system target material
reservoir; an inert gas pressurizing unit applying pressure to the interior of the
reservoir comprising an inert gas; and an inert gas purification system connected to
deliver the inert gas to the liquid target material reservoir interior comprising: an
inert gas supply container; at least one purification chamber containing the target
material in a form reactive with impurities contained in the inert gas reacting with
such impurities and removing from the inert gas the impurities in sufficient quantity
that such impurities are substantially removed from the inert gas such that reactions
between the target material and such impurities are substantially prevented from
forming substantial amounts of target material-impurity compounds when the inert
gas contacts the liquid target material in the liquid target material reservoir. The at
lest one purification chamber may comprise a plurality of purification chambers. An
EUYV target delivery method may comprise: providing an evaporation chamber in
fluid communication with an impurity chamber and with a target droplet mechanism
liquid target material reservoir and containing liquid source material; heating the
liquid source material to a first temperature sufficient to evaporate a first set of
contaminants but not a second set of contaminants; heating the liquid source
material to 2 second temperature sufficient to evaporate the liquid target material
e.g., lithium and leave the second set of contaminants behind. The source material
may comprise lithium or tin. The first contaminants may comprise materials from a
group comprising Na and/or K. The second contaminants may comprise materials

from a group comprising Fe, Si, Al, Ni.
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BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows schematically in block diagram form an LPP EUV light source
according to aspects of an embodiment of the present invention;

FIG. 2 shows schematically a target delivery mechanism according to aspects
of an embodiment of the present invention;

FIG. 3 shows schematically a target delivery mechanism according to aspects
of an embodiment of the present invention;

FIG. 4 shows schematically a target delivery mechanism according to aspects
of an embodiment of the present inventjon;

FIG. 4A shows schematically a target delivery mechanism according to
aspects of an embodiment of the present invention;

FIG. 5 shows schematically a target material supply mechanism according to
aspects of an embodiment of the present invention;

FIG. 6 shows schematically a more detailed view of a portion of the
mechanism of FIG. 5;

FIG. 7 shows schematically a portion of a target delivery system according to
aspects of an embodiment of the present invention;

FIG. 8 shows schematically a target delivery mechanism according to aspects
of an embodiment of the present invention;

FIG.’ s 9 and 10 show alternate embodiments of the portion f the target
delivery mechanism of FIG. 6 according to aspects of an embodiment of the present
invention;

FIG. 11 shows schematically a target delivery mechanism according to
aspect of an embodiment of the present invention;

FIG. 12 shows schematically a target delivery mechanism according to
aspects of an embodiment of the present invention;

FIG. 13 shows schematically a portion of a target delivery mechanism
according to aspects of an embodiment of the present invention; and

FIG. 14 shows schematically a portion of a target delivery mechanism

according to aspects of an embodiment of the present invention.
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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., one or more gas discharge excimer or molecular
fluorine lasers operating at high power and high pulse repetition rate and may be one
or more MOPA configured laser systems, 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., delivering 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 plasma formation site or
the sight of the fire ball, i.e., where irradiation 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 (or plurality of axes, not shown in FIG. 1) through a window (not shown) in
the chamber 26 to the irradiation site, suitably focused, as discussed in more detail
below, and in above referenced co-pending applications, in coordination with the
arrival of a target produced by the target delivery system 24 to create an EUV or
soft-x-ray (e.g., at or about 13.5 nm) 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 plasma initiation , according to the material
of the target, the size and shape of the target, the focus of the laser beam and the
timing and location of the laser beam and target at the plasma initiation site, etc.

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 and in above referenced co-pending applications. 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
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focus 40) where the EUV light is output from the 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., relative 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 the laser position and direction changer
68, e.g., to change the focus point of the laser beam to a different ignition point 28.
Input may also be provided to the target delivery system 24 to correct for positioning
error of the targets, e.g., droplets of liquid plasma source material from the desired
plasma initiation site, e.g., at one focus of the collector 30.

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
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ignition site 28. other alternatives are discussed in above referenced co-pending
applications.

The target delivery control system 90, in response to a signal from the
system controller 60 may, e.g., modify, e.g., the release point and/or pointing
direction of the target droplets 94 as 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.

For EUV target delivery in the form of liquid droplets of the target material,
e.g., liquid Sn or Li, or frozen droplets of Xe, or a suspension of target material in
another liquid, e.g., water or alcohol or other liquid, or the like, it has been proposed
in co-pending applications noted above to utilize piezoelectric drivers to, e.g.,
vibrate and or squeeze droplets from the end of a capillary, e.g., in the form of a
nozzle. However, piezoelectric elements have operating limitations, e.g.,
temperature limits (e.g., nof to exceed about 250°C), which may not allow them to
be utilized in the environment of delivering target droplets to a plasma initiation site,
whether a DPP or LPP plasma initiation, e.g., due to the geometries involved.
Another form of droplet generator droplet formation for the target delivery system
according to aspects of an embodiment of the present invention may be seen in FIG.
2.

Turning now to FIG. 2 there is shown schematically according to aspects of
an embodiment of the present invention an electrostatic liquid target droplet
formation/delivery mechanism which as proposed can, e.g., pull a droplet out of the
target droplet delivery mechanism/system rather than and/or in addition to.waiting
for induced disturbances and viscosity to take over, e.g., in a stream produced from
an output orifice of the target droplet delivery mechanism/system. In this manner, a

series of droplets 94°, e.g., may be influenced in their formation and/or speed, e.g.,
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using a charged element, which may be, e.g., a generally flat conductive plate/grid
104 placed at a distance from the output orifice 112, e.g., at the terminus of an
output nozzle 114 (shown, e.g., in FIG 4A), at the end of a liquid target delivery
capillary 110 passageway. An applied voltage, applied, e.g., between the nozzle and
the plate/grid may then, at least in part, contribute to droplet 94’ formation and/or
acceleration intermediate the output orifice 112 and the charged element 104, or
even perhaps beyond the plate/grid 104 in the target delivery path, and also perhaps
involving tgrning off the voltage to allow the droplet to pass through a hole in the
plate/grid 104.

According to aspects of an embodiment of the present invention an EUV
light source target delivery system 92 as disclosed may comprise a target material in
liquid form or contained within a liquid, which may include a liquid of the target
material itself, e.g., tin or lithium, or target material contained within a liquid, e.g.,
in a suspension or dispersion, or a liquid target containing compound, e.g., Si(CHzs),
or the like, such that the physical properties of the liquid, such as surface tension and
adhesion and viscosity, and, e.g., the properties of the environment, e.g., temperature
and pressure and ambient atmosphere, will allow a stream of the particular liquid,
exiting the output orifice 112 to spontaneously, or due in part, e.g., to some external
influence, form into droplets 94° at some point after exiting the output orifice 112,
including immediately upon so éxiting or further down a target droplet delivery path
to a plasma initiation site 28 (shown in FIG. 8). The liquid target droplet formation
material may be stored in a target droplet material reservoir (e.g., 212 as illustrated
in FIG. 5) and delivered to the output orifice 112, which may be, e.g., in a nozzle
114, through a target delivery capillary passage 110 intermediate the reservoir 212
and the output orifice 112. The system may also include a target material charging
mechanism, e.g., a charging ring 102 positioned relative to the capillary 110 and
orifice 112 to apply a charge to at least a portion of a flowing target material mass
prior to leaving or as it is leaving the output orifice 112. According to aspects of an
embodiment of the present invention an electrostatic droplet formation mechanism
92 thus may comprise a charged element 104 oppositely charged from the charge

placed 104 on the target material and positioned to induce the target material to exit
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the output orifice and form a droplet 94’ at the output orifice 112 or intermediate the
output orifice 112 and the electrostatic charge plate 104.

To allow for higher temperature operation of a liquid droplet target droplet
generator 92 as compared to conventional piezoelectric stimulation, applicants
propose using magnetostriction (or electrostriction) to vibrate and/or squeeze the
nozzle 110 in the target delivery assembly 92 instead of, e.g., using a piezo-actuated
material, e.g., a piezo-crystal or piezo-ceramic element. This is advantageous from a
temperature limit point of view since the Curie temperature for magnetostrictive (or
electrostrictive) materials can be higher than for piezoelectric materials.

Such magnetostrictive (and/or electrostrictive) materials 122, 122°, 122’
have been determined by applicants to possess a high enough operating temperature,
and frequency and strain characteristics, such that the required power can be
supplied with a reasonable applied magnetic (or electric) field with the same or
similar actuation forces as a piezoelectric material. According to aspects of an
embodiment of the present invention illustrated in FIG.” s 3, 4 and 4A, the specific
geometry of the. e.g., magneto/electro-strictive material 122, 122°, 122°, the liquid
reservoir (not shown in FIG.” s 3, 4 and 4A) and the external field generated, e.g., by
coil 124 for a magnetic field, and how the field is specifically generated and
specifically modulated will be understood by those skilled in the art.

Magnetostriction/Electrorestriction is a phenomenon where a material
changes shape or size, e.g., is elongated, e.g., in one or more axes, by an external
magnetic/electric field, much as a piezo electric material behaves when a voltage is
applied across it. FIG.’s 3, 4 and 4A show schematic illustrations of three possible
examples of configurations in which such change of shape, e.g,
elongation/contraction or thinning/ﬂﬁckening or both, may be utilized to stimulate
droplet 94 formation, e.g., by coupling the energy into a capillary 110 terminating in
a nozzle 114 with an output orifice 112. according to aspects of an embodiment of
the present invention, depending on the applied waveform the target delivery
mechanisms of FIG.” s 3, 4 and 4A may, e.g., continuously modulate the stimulation
to the capillary 110, e.g., with vibrational stimulation transverse to the longitudinal

axis of the capillary 110, e.g., with other modulation to cause a jet stream emanating
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from the nozzle 112 to break up into a train of droplets 94 or alternatively to create
-an individual drop at the nozzle orifice 112, e.g., for a “droplet on demand” mode.
' According to aspects of an embodiment of the present invention, FIG. 3
- illustrates schematically an example of a side stimulation method and apparatus 120
where, e.g., a solid rod 122 of magnetostrictive material may be essentially bonded
to the side of the droplet generator 92 capillary 110 and surrounded with a coil 124
to induce the required magnetic/electric field. A shield (not shown) may be
employed, e.g., surrounding the assembly 92 to contain the magnetic/electric field.
The details of coupling the force creéted by the elongation and contraction or vice-
versa of the rod 122 against the side wall of the capillary 110 will be understood by
those skilled in the art. This embodiment, in addition, may be seen to vibrate
capillary 112 to cause and/or influence droplet formation, e.g., along with other
droplet formation influences, e.g., pressure applied to the liquid target material.
According to aspects of an embodiment of the pfesent invention an annular
concept is illustrated schematically in FIG. 4, where, e.g., a cylindrical tube 122 of,
e.g., magneto-strictive or electro-strictive material may be bonded around the droplet
capillary 110. Here the thinning or thickening of the material 122 may be used, e.g.,
along with an initial bias émployed to enable both negative and positive pressure on
the capillary. The thickening or thinning of the material 122, i.e., expansion or
contraction in a direction generally perpendicular to the capillary 110 longitudinal
axis, followed by contraction/expansion may also be used. The resultant squeezing
action on the éapillary 110 normal to the longitudinal axis of the capillary 110 may
serve, e.g., in combination with other droplet formation mechanisms, e.g., back
pressure of the delivery of the liquid to the capillary 110, electrostatic droplet
inducement, e.g., as discussed elsewhere in the present application, or the like, to
modulate a stream of material exiting the nozzle orifice 112 to influence the timing,
spacing, size, etc. of droplets forming in a stream of liquid exiting the nozzle 112.
Similarly, the mechanism may cause or contribute to the inducement of a droplet to
form and be forced out of the nozzle 112, e.g., in a “droplet on demand” mode of

operation, along with, also, e.g., the timing, spacing, size, etc of the droplet on
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demand formed droplets. Here also a shield for the magnetic/electric field (not
shown) may be employed.

According to aspects of an embodiment of the present invention FIG. 4A
illustrates schematically the utilization of a horizontally mounted magneto-
restrictive/electro-restrictive material 122 (as exemplified in FIG. 3) and a
vertical/longitudinally mounted magneto-restrictive/electro-restrictive material 122
(as exemplified in FIG. 4) in combination. Such an embodiment may serve, e.g., to
have the excitation of the actuator material 122 vibrate the capillary and the
excitation of the actuator material 122°’ to squeeze and/or vibrate the capillary, with
the selectively modulated combination of actuator influences on the droplet
formation either by influencing an output jet or by originating droplets at the nozzle
112, e.g., for “droplet on demand” mode or alternatively or at the same time, one or
the other of the actuator materials 122°, 122°° may be stimulated to at least in part
influence the steering of the stream/droplets exiting from the nozzle 112 toward a
plasma initiation site 28 in the EUV light source 20, which may also be the case for
the embodiments illustrated schematically in FIG.s 3 and 4.

Liquid metal droplets and/or droplets of liquid with target material, such as
metal in suspension or otherwise incorporated into the droplet are attractive as
radiation source elements for a plasma generated or produced EUV light generation
apparatus 20, including, e.g., lithium and tin. By way of example, such a source
material, such as lithium, being supplied to the plasma initiation site 28 in the form
of droplets of liquid lithium or a suspension of lithium in another liquid for the
generation of droplets by jetting through the small diameter (from 10 to 100
micrometers) output orifice 112, e.g., at the end of a nozzle 114 as illustrated
schematically in FIG.” s 3, 4 and 4A. Of concern, however, can be contamination of
plasma source material, e.g., liquid lithium by products of reaction of the plasma
source material, e.g., with oxygen, nitrogen, water vapor etc. Such compounds are
not soluble in liquid metal and can cause clogging of the nozzle orifice 112.

Applicants therefore propose according to aspects of an embodiment of the
present invention a procedure for lithium cleaning for the removal of non-soluble

compounds, which are either on the bottom of the supply vessel within, e.g., the
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molten plasma source material, e.g., lithium or on the surface of the nozzle 114
output orifice 112, e.g., due to high liquid plasma source material surface tension.
This procedure may include, e.g., also certain proposed modifications. According to
aspects of an embodiment of the present invention cleaning of a liquid plasma
source material, e.g., lithium during loading into an EUV light source target droplet
generator 92 can improve the reliability of the target droplet generator 92, in the
delivery of, e.g., liquid lithium droplets 94.

Referring now to FIG.” s 5 and 6, there is shown partly schematically and
partly in cross section an apparatus and method for the cleaning of, e.g., non-soluble
compounds of the liquid source material, e.g., metals, such as lithium and tin, e.g.,
with the liquid plasma source material flowing from a top container 211 to a bottom
liquid target material supply cartridge 212 through a filter 214. The cartridge 212
may be part of the plasma source material droplet delivery system 92. The filter 214
may, e.g., use a mesh or sintered element 215 with filtering size much less than the
diameter of the nozzlel 14 output orifice 112, such as 0.5 -7um for the mesh and 20 -
100 pm for the nozzle 114 output orifice 112. The containers 211, 212 may initially
be back washed, e.g., at high temperature under pumping with turbo pump 147 using
pumping ports 141, 142 and pumping valves 143, 144, 145, e.g., utilizing a purging
gas, e.g., a noble gas like argon or helium, supplied from a purge gas supply 148
which, e.g., may be pressurized.

After inserting plasma source material into container 212, e.g., through a
removable cover 220, and melting the plasma source material, e.g., lithium, to form
a liquid plasma source material 213, e.g., as discussed elsewhere in the present
application, the plasma source material may flow from container 211 into the
cartridge 212, e.g., driven by pressure difference between the two vessels created by
an inert gas (e.g. Ar, He) supplied to the container 211 from the gas bottle 148
through valvés 146 and 143, with valve 145 shut. The liquid, e.g., lithium 213 can
then flow through a small diameter orifice 224 at the bottom of the vessel 211. A
nipple 222 surrounding the small diameter orifice 224 (diameter 1 pm or less ) may
be elevated from a bottom surface of the vessel 211 or from a counter bore 223 in

the bottom of the vessel 211, and may have, e.g., a cone shape, e.g., as shown in
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FIG. 6. In this manner heavy compounds and metal chunks may be directed to the
bottom surface of the vessel 211 and/or the counter bore 223, and therefore, kept
from flowing through the orifice 224 in the vessel 211 and clogging the fine mesh
filter element 215 in the filter 214.

In addition to gas pressure to move the liquid metal source materials
pumping may be used, e.g., with an electromagnetic pump having mo mechanical
moving parts that are commonly used for movement of such materials.

Molten source material, e.g., lithium, may have a non-soluble film 230 on its
surface, due, e.g., to surface tension of differing densities or both. The film 230 may
be composed of organic products and some non-soluble non-organic compounds,
which remain on the surface due to high surface tension of the molten source
material, e.g., lithium or tin. The film 230 may clog the fine filter 214 as well, e.g.,
if portions sink in the liquid 213 and enter the orifice 224, or the orifice 224 may
simply become clogged. For minimization of such clogging or passage of the solid
material of the surface film 230 through the bottom orifice 224, the orifice 224
diameter is made as small as possible (e.g., around Imm or so) with an appropriate
driving pressure as will be understood by those skilled in the art. In this case most
of film remains on the walls of the vessel due to action of surface tension.

According to aspects of an embodiment of the present invention to achieve
an improvement in the removal of the surface film 230, the liquid plasma source
material, e.g., lithium may be rotated in the container 211, e.g., with a stirring
mechanism 132. As a result of such rotation of the stirring mechanism 132,
centrifugal forces can be used to drive the surface film 230 to the side walls of the
vessel 211, where it will adhere to the wall. Rotation can be produced by, e.g., one
or more external coils 131 placed outside the container 211. An alternating current
applied in appropriate phase to the coils 131 (similar to an AC induction motor) can
be used to cause an alternating conductivity current through the molten lithium 213.
The interaction of this current with the magnetic field of the coils 131 can be used to
cause the rotation of the liquid metal 213.

In another approach, one or more a permanent magnets 133 can be placed

into the liquid metal, e.g., within a shell 132, e.g., if more than one, attached to a
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ring (not shown) and spaced apart from each other. In this case the rotation
(stirring) may be activated by external coils 131 as well. Magnets capable of
withstanding the high operating temperature (up to 550°C) are available as will be
understood by those skilled in the art. The shell 132 may be made of a suitable
material to protect the magnetic material from reacting with molten plasma source
material.

Turning now to FIG.” s 9 and 10, there is illustrated partly schematically and
partly in cross section alternative possible stirring elements 240 and 250, with the
stirring element 240 comprising a propeller having blades 242 and rotatably
mounted on a propeller shaft 244 suspended from a bracket (not shown) extending
from the interior wall of the vessel 211 or integral with the removable top 220. The
propeller 240 may be inductively rotated due to a rotating magnetic field set up by
current passing through the coils 131 as discussed abéve. The stirrer 250 may
comprise, e.g., a hollow cylinder 250 mounted on a shaft 252 and actuated, e.g., for
up and down movement by a solenoid actuator 254 external to the vessel 211.

According to aspects of an embodiment of the present invention applicants
propose to use the reactive plasma source material, e.g., lithium as a getter for
cleaning a noble gas of compounds that may form harmful lithium compounds
inside the EUV light source plasma generation chamber, before these compounds
have a chance to get into the chamber or otherwise be exposed to the reactive plasma
source material or system components that will later be exposed to the reactive
plasma source material, e.g., lithium.

According to aspects of an embodiment of the present invention cleaning of
noble gas (e.g. argon, helium) for application in an EUV light generator, e.g., with a
liquid plasma target source material, e.g., based on Li or Sn as the radiating element
can extend the lifetime of optical elements, e.g., the multilayer mirror and various
windows, and also the reliability of the droplet generator. A noble gas such as
argon, helium or other, may be used in a plasma produced EUV light generator, e.g.,
for vessel back flushing or droplet generation driving pressure application gases. If
the plasma source material is a reactive one, e.g., lithium and to some extent tin,

small contaminants of oxygen, nitrogen, water, organic vapors, etc., in the inert gas
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can lead to formation of, e.g., lithium-based compounds (e.g. lithium oxide, lithium
nitride, lithium hydroxide). Such compounds may clog the nozzle 112 of the droplet
generator 92 or deposit, e.g., on optical elements, e.g., mirrors and windows, and
cause reflectivity/transmissivity degradation. Typically in high purity argon for
example the supplier (e.g., Spectra Gases, Inc) can guarantee the concentration of
contaminants will not be higher than some limit, e.g. 4 ppm of N3, 0.5 ppm of O,,
and 0.5 ppm of H,O.

A reactive plasma source material, e.g., lithium, can vigorously react with
such impurities, e.g., contained within a noble gas and form stable compounds that
may be hard to remove if deposited in unwanted locations, e.g., on EUV light
generator chamber optics. At the same time, however, this high propensity for
reaction with other materials may be used according to aspects of an embodiment of
the present invention, illustrated for example in FIG. 7, partly schematically, to
clean the noble gases by passing the gas through at least one vessel' containing
molten plasma source material, e.g., lithium or another material sufficiently reactive
with one or more of such impurities. Lithium or such other liquid material or a
combination of such materials each in different vessels, may, e.g., be held in vessels
262a-b forming an EUV light source generator noble gas cleaning apparatus 260 as
seen illustratively in FIG. 6. The liquid reactive plasma source material, e.g.,
lithium, e.g., is held at a temperature of 200-300°C in each of the vessels 252a-d. At
this temperature the formed compounds of the reactive EUV plasma source material,
e.g., lithium are stable and will remain in molten metal. On the other hand, the most
of reactions (with N, O, HO) don’t have activation energy, thus the reaction rate
does not depend strongly on the temperature (there is, e.g., no exponential factor).
In order, therefore, to provide a long enough time of interaction of gas flow with
molten lithium, the lithium may be kept in a plurality of vessels 252a-d and the gas
initiating from a gas flow inlet 254 bubbled through the liquid lithium in each
successive vessel 252a-d by passing through an inlet pipe 270 into the bottom of the
liquid 280 in the respective vessel 252a-d and removed from one vessel 252a-c and
inserted into the next vessel 252b-d through a respective one of a plurality of gas
transfers 256, to immerge from a gas flow outlet 258 substantially completely
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cleansed of compounds of the noble gas impurities and the reactive plasma source
material, e.g., lithium. Thus the probability of such compounds being formed in
regions of the plasma produced EUV light source machine subsequently exposed to
the noble gas due to impurities introduced into the EUV system from the noble gas
is substantially reduced or reduced to zero.

It will be understood that in the case, e.g., of Li, agitation will prevent flow
of compounds of lithium through the center orifice due, e.g., to centrifugal force
and/or wave action to the side walls of the container. The plasma target source
material, é.g., lithium, having a lower specific gravity than any such compound, e.g.,
0.5g/cm’ will tend to stay toward the center of the container as the compounds move
to the wall of the container, especially under centrifugal force. Such agitation may
be utilized in any co9ntainer holding the target source material.

According to aspects of an embodiment of the present invention applicants
propose a target delivery system 92 illustrated schematically in FIG. 8. As shown in
FIG. 8, charge and deflection of target droplets 94 to reduce the number of droplets
in the plasma region 28 of, e.g., an LPP EUV light source. As illustrated in FIG. 8,
non-charged droplets 94°’ are sent to the plasma region 28, while charged droplets
94’ are deflected away, e.g., by using charged deflection plates, e.g., charged with
the same charge as the droplets 94’. Accordingly the system can minimize the
effects of a charged plasma region and electric fields associated with the plasma
region on charged droplets.

The charge and deflect concept according to aspects of an embodiment of the
present invention contemplates also, e.g., deflecting the droplets 94 into the plasma
region 28, and leaving uncharged droplets 94°° to travel a separate path that does not
go through the plasma region, as opposed to the embodiment illustrated in FIG. 7.

In the embodiment of FIG. 8 the charged droplets 94’ are deflected out of the plasma
region 28 and the non-charged droplets 94’ are hit by the drive laser to create the
plasma at the plasma initiation site 28. In the embodiment of FIG. 7 the near zero
charge on the targeted droplets 94’ will interact less than the charged droplets
would with the electrical fields that may be generated by the plasma in the plasma

initiation site 28 or other elements, e.g., debris mitigation using, e.g., charged grids
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in the vicinity of the plasma initiation site 28, also as discussed in the present
application. According to aspects of an embodiment of the present invention the
‘charge deflection may be used with various plasma source materials capable of
being charged, e.g., tin and lithium, compounds thereof and solutions/suspensions
thereof.

According to aspects of an embodiment of the present invention, a jet of
plasma source material streaming from the orifice 112 of the droplet formation
nozzle 114, e.g., in an embodiment where the droplets form from a stream exiting
the nozzle orifice 112, is charged right before the break off point where the droplets
begin to form as is known in the art. The stream (not shown) may be charged, e.g.,
by a charging ring or plate 102, so that droplets 94 form charged droplets 94° or
uncharged droplets 94’ as they break off from the stream. In such a case, lengths of
the stream may be charged or not charged by modulating the voltage applied to the
charging plate 102, to achieve the desired selection in the droplets breaking out from
the stream (not shown) into a certain number of uncharged droplets dispersed
between charged droplets or vice-versa. Alternatively, e.g., in a droplet-on-demand
mode as discussed above the charge plate may be modulated in timing with
individual drop production. Subsequently, therefore, those of the droplets 94
constituting, e.g., charged droplets 94°* as the charged drops 94°° pass the deflecting
plates 96, they can be steered away from the plasma initiation site 28 and those of
the droplets 94 that are uncharged droplets 94’ are not steered from their path and
are struck by the drive laser at the plasma initiation site. Alternatively, the drops
94°’ may be steered onto the path to the target initiation site and the un-steered
droplets remain on a trajectory that takes them away from the target initiation site.

In this manner, if| e.g., the droplet generator for a certain size of droplet has a
droplet frequency and spacing that is not desired, some droplets can be so steered (or
unsteered) to travel sufficiently far away from the plasma ignition site so as to, e.g.,
not interfere with and/or confuse metrology units, e.g., target tracking and laser
firing timing metrology, by, e.g., being erroneously tracked as target droplets when
they are not intended to be target droplets, and/or not to create additional debris by

being scattered by the effects of plasma formation in actual target droplets due to
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being in close enough proximity at the time of plasma initiation to be sol influenced
by the plasma as it is formed.

Liquid metal droplet generators usable for EUV plasma source liquid target
material delivery based on PZT actuators for droplet stimulation, e.g., in both
continuous and Drop-on-Demand (“DoD”) mode and their potential shortcomings,
have been discussed elsewhere in the present application. The PZT may be is
attached to, e.g., a capillary conducting the liquid metal flow to an output nozzle and
its output orifice. The operating temperature of the device can be limited by the
used such materials as PZT and even glues and the like which are used for creating
the mechanical assembly, e.g., with the PZT in contact with the capillary and/or
nozzle and may, e.g., not exceed, e.g., about 250 degrees C. This can complicate
thermal management of liquid metal plasma source materials, e.g., Sn or Li droplet
generation, because the maximum operating temperature is close to the freezing
temperature of the metals (231°C for Sn and 181°C for Li).

Applicants, according to aspects of an embodiment of the present invention
propose certain solutions to the foregoing including, e.g., an embodiment of the
present invention illustrated partly schematically in FIG. 11. Turning to FIG. 11
there is illustrated, e.g., a mechanism that can result in, e.g., the improvement of the
reliability, stability, and life-time of an droplet generator for a liquid metal EUV
generating plasma source. With increasing possible high operating temperatures,
e.g., of a continuous droplet generator, e.g., with temperatures exceeding
significantly the freezing temperature of liquid metals which are used as plasma
source liquid droplet materials applicants have proposed, based on, e.g., providing a
stimulated droplet jet with stable droplet diameter and separation between the
droplets can be generated by applying a periodic disturbing force to the liquid
plasma source material liquid to, e.g., develop and/or contribute and/or modulate or
assist in the modulation of the flow jetting through the nozzle.

The frequency of the disturbing force according to aspects of an embodiment
of the present invention may be, e.g., close to the average spontaneous frequency of
the droplet formation defined, e.g., as (in the first approximation) a function of the

jet velocity and nozzle orifice diameter, e.g., (f=velocity/(4.5*diameter)). The
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constant in this formula may be varied, e.g., between about 4 -6 either naturally of
by intervention to vary the spontaneous frequency. Applicants propose, as
illustrated schematically in FIG. 11, that a disturbance can be pro.duced by, e.g., the
interaction of a current passing through the conducting liquid plasma source metal
415 flowing through the thin capillary 110 with the external magnetic field applied
to the capillary 110. Figure 11 shows, as an example of such a droplet generating
device 92, for stimulation of the liquid metal jet (not shown) by action of magnetic
force. In this example an external permanent magnetic field 420 may be created by
an electromagnet 423 with two poles (421, 422). The liquid metal 415 may then be
induced to flow through a capillary 110, which may comprise with dielectric walls
(for example, made of a suitable ceramic, such as Al,O3 or Al or AIN.

An alternating voltage from an AC voltage generator 424 may then be
applied to two electrodes 412, 413 contacting with the liquid metal 415 jetting
through the nozzle 414, which may also be made of a suitable dielectric or metal, or
may be insulated from the electrode 413 and some part or all may be separately
charged, as discussed elsewhere in the present application.

All the employed materials may be selected to, e.g., have operating
temperatures much higher than freezing temperature of Sn or Li, as applicable.

Alternatively, according to aspects of an embodiment of the present
invention the device 92 of FIG. 11 may comprise the current through the liquid
metal 215 being DC or pulsed DC, and the external magnetic field may be
alternating and if the current is pulsed DC, in appropriate phase and/or appropriately
modulated to induce flow with magnetic disturbance (induced EMF force) when the
DC voltage is pulse, or further alternatively both current and magnetic field may be
alternating in the appropriate phases, as will be understood by those skilled in the
art.

For example, according to Ampere’s law, the force acting on the current is
B*L*I, where B — is magnetic flux density (in Tesla), L — length of the magnetic
field zone interacting with the current I, assuming by way of example that magnetic
field lines are perpendicular to the current and the magnetic field is uniform across
the length L. The disturbing force will then be perpendicular to both magnetic field
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and current. The exemplary equivalent pressure can be determined as the ratio of
the force to the area of the capillary wall (3.14*r*L) corresponding to the interaction
zone. The exemplary equivalent disturbing pressure may thus be equal to
(B*I)/(é.l4*r). For a capillary 110 with the diameter of 1 mm, B=0.5 T and I=1 A,
the equivalent pressure will be ~320 Pa.

The applied current may be selected, e.g., to not cause any problems with the
thermal management of the device 92, which may occur, e.g., because of resistive
heating of the liquid metal 215. With an exemplary channel diameter of, e.g., 1 mm
and length of 1 cm the resistance of liquid Li or Sn will be on the order of about 1
mOhm; thus the heating power cam be as low as 1 mW. According, inducing
electromotive force in the target liquid plasma source material with orthogonal
electrical and magnetic fluxes either or both of which may be modulated to induce
electromotive forces in the liquid can be used to force the liquid plasma source
material out of the droplet generator orifice, in steady jet stream (constant
predetermined droplet generation frequency, or droplet on demand (“”’DoD’”) modes
of operation, and/or used in conjunction with other droplet generation force
producing arrangements, discussed in the present application, e.g., applied pressure
to the liquid plasma source material, capillary manipulation and/or squeezing, and
the like as will be understood by those skilled in the art.

Turning now to FIG. 12, there is shown a wetting barrier according to
aspects of an embodiment of the present invention. In jetting liquid metal through,
e.g., a pinhole nozzles applicants have found that wetting of the front side surface
around the nozzle is a significant problem. According to aspects of an embodiment
of the present invention, applicants propose to make a wetting barrier around the
nozzle orifice, whereby, even if the wetting cannot be entirely eliminated it can be
controlled. Although certain materials will greatly reduce the wetting of the front
side surface applicants believe that the presence of the debris generating plasma in
close proximity to the orifice can eventually coat it and promote wetting over time
independent of material selected for the orifice and its surroundings. Applicants
have found that wetting in itself is not the major problem but irregular and

inconsistent wetting is, as this can, e.g., cause instability in the droplet formation,
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e.g., instability in the droplet forming emitted jet of liquid target material leaving the
orifice. Additionally, e.g., after some off time wetting may form a blockage to the
jet leaving the orifice

. According to aspects of an embodiment of the present invention as illustrated
in FIG. 12, applicants propose a wetting barrier associated with a liquid source
material output to control the wetting by controlling the wetting angle that a droplet
makes with the surfaces surrounding the nozzle 114 orifice 112, e.g., with an
annulus around the orifice 112, which may be a circular annulus 352. Accordingly,
when the droplet material, e.g., molten lithium, wets, i.e., adheres to the surfaces
around the orifice and spreads outwardly such an adhering region of the droplet, the
groove 352 will modify the wetting angle between the portion of the droplet material
still assuming the droplet surface shape and the surface adjacent to this surface shape
such that wetting is stopped, as will be understood by those skilled in the art.

This can also allow better start/stop capabilities of the jet as this is also
‘currently limited by excessive wetting after which the jet can not be started as the
surface tension from the large wetted area is too great for the jet to overcome.

It will be understood by those skilled in the art that annulus in this regard
may cover more than a completely encircling ring, e.g., a series of curved slots
forming arcs of a ring and spaced from each other and from the orifice 112, such that
the wetting of the droplet is sufficiently arrested over enough of the circumference
of the wetting interface between the droplet and the surface surrounding the orifice
to arrest the continuing expansion of the wetting circumference and the continuing
expansion of the wetting itself.

Further, the “annulus” wetting barrier may be a geometric structure, €.g., a
rectangle, oval, triangle, etc. other than an annular groove, around the periphery of
the orifice such that the wetting circumference growth is arrested sufficiently to
prevent wetting expansion of a droplet that results in the undesirable effects of
wetting noted above for example. In this context then the wetting barrier, of
whatever geometry, may surround the orifice completely and unbrokenly or may
surround the orifice but in a broken non-complete peripheral structure around the

orifice, as noted above.
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According to aspects of an embodiment of the present invention a source
material, e.g., tin or lithium, as an EUV source should have a concentration of
contaminants less than about 1 ppm to meet the requirements of acceptable
degradation rate for reflectivity of multiplayer mirror due to deposition of the
contaminants, e.g., in the form of lithium compounds or compounds of the
contaminants with other materials in the plasma formation chamber. At about
550°C the prior art purification methods of purifying lithium from, e.g., Na or K
work since the Na and K have higher vapor pressure than Li and evaporate from the
liquid lithium. According to aspects of an embodiment of the present invention the
method can be extended for purifying the plasma source material from other
materials (Fe, Si, Al, Ni) by evaporation of the plasma source material at a definite
temperature and specifically for use in a liquid target material target delivery system.
This can significantly impact the useable lifetime of optical elements in the plasma
formation chamber exposed to debris from the plasma formations in the form, e.g.,
of source material compounds including impurity elements.

According to aspects of an embodiment of the present invention illustrated
schematically in FIG. 13, applicants propose to use the fact that the vapor pressure
dependence on temperature of perﬁnent impurities shows that at a temperature in the
range from 700 to 900°C the evaporation rate of lithium exceeds that of such
impurities as Al, Fe, Si, and Ni by more than 6 orders of magnitude. The lithium
evaporation rate is high enough to provide the lithium consumption rate required for
the EUV source. Thus, for lithium purifying the distillation in a purification system
290 may, e.g., be made in two stages. In the first stage the evaporation of Na and K
occurs at a temperature of 550-600°C maintained in a vessel 292 containing liquid
plasma source material 310 such as lithium and heated by a heating coil or blanket
304. After accomplishing this stage of the distillation, and with valve 300 opened
and valve 302 shut, a second vessel 294 the vessel 294 with condensed Na, K and Li
in it may be sealed from the Li container 292 by shutting valve 300. At the second
stage, the vessel 292 may be, e.g., heated up to 700-900°C and the liquid plasma
source material, e.g., lithium may be intensively ew}aporated and transported into

another part of the system, e.g., the source material reservoir 211 discussed above in
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regard to FIG.” s 5 and 6, in the target droplet delivery system 92, for further use
(e.g. in producing target droplets in the droplet generator). The temperature range
during the second evaporation, according to aspects of an embodiment of the present
invention may be restricted to some selected upper limit, e.g., 800°C, in order to,
e.g., prevent melting and decomposition of a desired material, e.g., lithium nitride,
such that, e.g., the source material, e.g., lithium may be purified from nitrogen as
well. The distillation method just described may be used for material transporting,
e.g., in lithium supply systems, e.g., operating in ultra-clean conditions required for
long-life time of EUV optical components within the plasma formation chamber,
e.g., the multilayer mirror (“MLM”).

According to aspects of an embodiment of the present invention applicants
have found that in the operation of a currently proposed liquid metal droplet
generator there is a need for closed loop feedback and control to maintain droplet
stability over extended periods of time. Applicants propose a closed loop control
system to maintain stable droplet operation, e.g., at a fixed frequency of droplet
formation and a selected droplet spacing. For a certain frequency and orifice size,
stable droplet operation requires a specific droplet fluid exit speed from the nozzle
orifice, e.g., around 4.5 * jetdiameter * frequency. Also there is a relationship
between applied pressure and the resultant speed. However, as the system ages
pressure losses and size differences could occur that will require the pressure to
change in order to maintain stable operation. Applicants propose according to
aspects of an embodiment of the present invention a system to control pressure to
maintain optimal stability at a given frequency.

Turning to FIG. 14 there is shown schematically a droplet stability system
360 according to aspects of an embodiment of the present invention. A short
exposure time imaging system 362, which can be selected, e.g., to minimize blurring
of the images of the moving target droplets 94, may be used, e.g., to conﬁﬁuously
obtain images of the droplet 94 stream and based on these images calculate droplet
94 size and spacing.

Given a fixed frequency and no change in size the pressure may then be

controlled to maintain an optimal spacing, compensating for any changes in filter.
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losses etc which change the system so that the pressure at the output orifice varies
for a given applied pressure back upstream.. If a small change in size occurs, e.g.,
due to a change in the diameter of the jet, the pressure may changed, e.g., to
maintain the correct spacing given the new jet diameter.

The imaging system 362 may comprise, e.g., a high speed camera 364, or
strobing with a flashing strobe light at some high speed strobing frequency during a
short period of time, to image the droplets 94 with sufficient speed, either at the
droplet frequency or periodically enough to get an average or periodic sample that
can be analyzed by an image processor 374, which may comprise an image
processor able to produce information relating to the relative size and positioning of
droplets including spacing either on a droplet by droplet basis or strobed to selects
some but not all droplets having the characteristics. the processor in combination
with the imaging apparatus may also provide spatial positioning information
regarding the imaged droplets, e.g., in relation to some point in space, e.g., a desired
plasma initiation site. The field of the image may, e.g., be of sufficient size to
include at least two successive droplets or the equivalent useful for determining
droplet size and spacing, which information may be fed to a controller 376, which
may comprise a suitable programmed microprocessor or microcontroller, that is
programmed to provide, e.g., a control signal, e.g., a pressure control signal 370 to
the droplet generator 92.

Those of ordinary skill in the art will understand that according to aspects of
an em‘t;odiment of the present invention applicants contemplate an EUV liquid target
delivery mechanism/system wherein, e.g., an electrostatic liquid target droplet
formation mechanism can, e.g., pull a droplet out of a target droplet delivery
mechanism/system rather than and/or in addition to waiting for induced disturbances
and viscosity to take over, e.g., in a stream produced from an output orifice of the
target droplet delivery mechanism/system. In this manner, a series of droplets, e.g.,
may be influenced in their formation and/or speed, e.g., using a charged element,
which may be, e.g., a generally flat conductive plate/grid placed at a distance from
the output orifice, e.g., a nozzle, at the end of a liquid target delivery capillary

passageway. An applied voltage, applied, e.g., between the nozzle and the plate/grid
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may then, at least in part contribute to droplet formation and/or acceleration
intermediate the output orifice and the charged element, or even perhaps beyond the
plate/grid in the target delivery path, and also perhaps involving turning off: the
voltage to allow the droplet to pass through a hole in the plate/grid.

According to aspects of an embodiment of the present invention an EUV
light source target delivery system as disclosed may comprise a target material in
liquid form or contained within a liquid, which may include as noted above a liquid
of the target material itself, e.g., tin of lithium, or target material contained within a
liquid, e.g., in a suspension, dispersion or solution, such that the physical properties
of the liquid, such as surface tension and adhesion and viscosity, and, e.g., the
properties of the environment, e.g., temperature and pressure and ambient
atmosphere, will allow a stream of the particular liquid, exiting the output orifice to
spontaneously or due to some external influence form into droplets at some point
after exiting the output orifice, including immediately upon so exiting or further
down a target droplet delivery path to a plasma initiation site. The liquid target
droplet formation material may be stored in a target droplet material reservoir and
delivered to the output orifice, which may be, e.g., a nozzle, through a target
delivery capillary passage intermediate the reservoir and the output orifice. The
system may also include a target material charging mechanism positioned relative to
the capillary and orifice to apply a charge to at least a portion of a flowing target
material mass prior to leaving or as it is leaving the output orifice. According to
aspects of an embodiment of the present invention an electrostatic droplet formation
mechanism comprising a charged element oppositely charged from the charge
placed on the target material and positioned to induce the target material to exit the
output orifice and form a droplet at the output orifice or intermediate the output
orifice and the electrostatic droplet formation mechanism.

According to aspects of an embodiment of the present invention a
pressurizing mechanism upstream of the output orifice may applying pressure to the
target material forcing the target material out of the output orifice in a variety of
ways, which those skilled in the art will understand and some of which are discussed

in the present application. Also the pressurizing mechanism may comprise a
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pressure modulator varying the pressure applied to the target material liquid. This
may, e.g., be done in response to EUV light source system feedback control, e.g., to
increase or decrease the speed of the droplets in a series of target droplets arriving at
the plasma initiation site, or to control, e.g., the timing of the droplets emerging from
the target delivery systém output orifice, e.g., for a droplet on demand (“DoD”).

The pressurizing mechanism may also comprise a relatively constant
pressure to the target material liquid. Those skilled in the art will understand that
constant as used her means within the bounds of a control system to regulate the
pressure and may vary as the control system determines over time or =for other
operational reasons, and does not imply a single fixed pressure that is always
selected to be maintained and never varied from the selected setting.

Also according to aspects of an embodiment of the present invention a target
droplet deflecting mechanism may be included which may comprise at least one
deflecting mechanism plate associated with forming an electrical field transverse to
a target droplet path intermediate the output orifice and the charged element
deflecting selected target droplets from the desired target droplet path. The pressure
applied to the target droplet liquid may comprise sufficient pressure to form droplets
in the stream of liquid target material exiting the output orifice and also to deliver a
target droplet formed from the target droplet liquid, either upon exiting from the
output orifice or formed from the breakup of a stream of liquid exiting the output
orifice, to a plasma initiation site; and the electrostatic droplet formation mechanism
at least in part may control the speed of the target droplet intermediate the output
orifice and the plasma initiation site. Alternatively, e.g., the pressure applied to the
target droplet material may comprise sufficient pressure to cause the target material
to exit the output orifice either as droplets or a stream that breaks up into droplets, as
those skilled in the art will understand but not to form droplets that will reach the
plasma initiation site; and the electrostatic droplet formation mechanism at least in
part controls the formation of a target droplet and/or the speed of the target droplet
intermediate the output orifice and the plasma initiation site. Those skilled in the art
will understand that such pressure may be sufficient, e.g., to allow the liquid to

break out from the output orifice, overcoming, e.g., surface tension of the liquid
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across the output orifice, and the electrostatic droplet formation mechanism may
then take over to assisting in both droplet formation and acceleration or the droplets
may form spontaneously or under external influence other than the electrostatic
droplet formation mechanism charged plate/grid, without sufficient velocity to reach
the plasma initiation site and/or to so reach the site at the proper time, and the
acceleration from the plate/grid charge takes over control of the droplet reaching the
desired plasma formation site. Similarly the pressure applied to the target droplet
material may comprise sufficient pressure to cause the target material to exit the
output orifice but not to form droplets that will reach the pl.asma initiation site. The
electrostatic droplet formation mechanism at least in part may then control the
formation of a target droplet and/or the speed of the target droplet intermediate the
output orifice and the plasma initiation site. Also alternatively, the pressure applied
to the target droplet material may comprise sufficient pressure to cause the target
material to reach the output orifice but not sufficient pressure to cause the target
material to exit the output orifice, e.g., due to surface tension on the liquid target
material at the exit of the output orifice and the electrostatic droplet formation
mechanism at least in part may then control the formation of a target droplet and the
speed of the target droplet intermediate the output orifice and the plasma initiation
site.

It will be understood by those skilled in the art that, as noted above, the
target delivery system may be of various types including, e.g., a capillary and
orifice/nozzle arrangement wherein the liquid target material exits the target delivery
system output orifice and immediately forms a droplet, e.g., due the pressure or
vibration or both applied to the capillary passage and/or output orifice itself or a
stream of liquid target material may exit and spontaneously break into droplets. The
size and spacing of the droplets may be controlled in part by the geometry of the
target droplet delivery system, the type of target liquid and its properties, the
pressure applied to the target material liquid and the like, as is well known. The
electrostatic droplet formation mechanism may then act in a variety of ways to
stimulate the droplet formation, e.g., by dréwing the droplets out of the output

orifice, including, e.g., controlling droplet formation and acceleration towards the
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electrostatic droplet formation mechanism, e.g., in either a steady state droplet
formation at some selected droplet formation rate, e.g., as may also be modified by
the control system. The electrostatic droplet formation mechanism may simply
accelerate the droplets after formation, e.g., from a droialet forming stream or as
formed at the output orifice and also may influence droplet formation and/or
acceleration as part of a DoD system. According to aspects of an embodiment of the
present invention the electrostatic droplet formation mechanism may comprise a
modulator modulating the charge on the charged element to influence the droplet
formation and/or speed of only those droplets traveling substantially along the
desired target droplet path, e.g., by not having been deflected from the target droplet
path..

It will further be understood by those skilled in the art that according to
aspects of an embodiment f the present invention there is disclosed an EUV plasma
formation target delivery system which may comprise: a target droplet formation
mechanism comprising a magneto-restrictive or electro-restrictive material
cooperating with a target droplet delivery capillary and/or nozzle in the formation of
liquid target material droplets. The target droplet formation mechanism may
comprise a modulator modulating the application of magnetic or electric stimulation
to, respectively, the magneto-restrictive or electro-restrictive material. The
magneto-restrictive material and/or electro-restrictive material may form a sleeve
around the capillary tube or form a mass adjacent to one portion of the capillary
tube, e.g., in the former case to squeeze the capillary tube within the sleeve or in the
latter case to vibrate the capillary tube by, e.g., alternately pushing against and not
pushing against the capillary tube. The modulator(s) may be modulated to produce
an essentially constant stream of droplets for irradiation at a plasma initiation site or
to produce droplets on demand for irradiation at a plasma initiation site.

It will also be understood by those skilled in the art that according to aspects
of an embodiment of the present invention an EUV target delivery system is
disclosed which may comprise a liquid target delivery system target material
reservoir; a target material purification system connected to deliver liquid target

material to the target material reservoir comprising: a first container and a second
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container in fluid contact with the target material reservoir; a filter intermediate the
first chamber and the second chamber; a liquid target material agitation mechanism
cooperatively associated with the second container an operative to rotate the liquid
target material within the secoﬁd container to remove surface film to agitate the
liquid target material in the second container to prevent surface film from forming
on the exposed surface of the liquid target material or remove surface film formed
on the exposed surface of the liquid target material. The liquid target material
agitation mechanism may comprise an electromagnetic or magnetic stirring
mechanism at least partly positioned outside of the second container.

The liquid target material agitation mechanism may comprise an
electromagnetic or magnetic stirring mechanism at least part of which is positioned
within the second container, e.g., a swirling mechanism positioned within the second
container or a flopping mechanism positioned within the second container. An
example of the former may be, e.g., vanes, e.g., like those in a centrifugal induction
pump, which may be driven inductively in the fashion of an induction pump by, e.g.,
a rotating magnetic or electrical field generated externally to the container and
influencing the rotation of the swirling movement within the container, e.g., to
create a flow from generally the central region of the reservoir towards the interior
walls of the container. This may serve to mechanically remove the surface film
formed by contaminants to the wall and prevent flow of the contaminants through
the center orifice. In the case of the flopping mechanism it may comprise, e.g., a
loop or cylinder or plunger driven in a direction parallel to a centerline axis of the
container, e.g., to create waves on the surface of the liquid target material to move
any forming or formed surface films in the direction of the container walls for the
purposes just noted, or may comprise elements driven radially from the centerline
axis toward the container walls for similar reasons regarding the breakup of forming
or formed surface film and these may all be driven by an electromagnetic or
magnetic driver external to the second container. The filter may comprise a
mechanism for removing impurities from the liquid target material such as

compounds of lithium with Oz, N2 and/or H,O.
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It will also be understood that according to aspects of an embodiment of the
present invention an EUV target delivery system is disclosed that may comprise a
liquid target delivery system target material reservoir; an inert gas pressurizing unit
applying pressure to the interior of the reservoir comprising an inert gas; and an inert
gas purification system connected to deliver the inert gas to the liquid ‘target material
reservoir interior which may comprise an inert gas supply container; at least one
purification chamber containing the target material in a form reactive with impurities
contained in the inert gas reacting with such impurities and removing from the inert
gas the impurities in sufficient quantity that such impurities are substantially
removed from the inert gas such that reactions between the target material and such
impurities are substantially prevented from forming substantial amounts of target
material-impurity compounds when the inert gas contacts the liquid target material
in the liquid target material reservoir. The at least one purification chamber may
comprise a plurality of purification chambers.

According to aspects of an embodiment of the present invention an EUV
target delivery method may comprise providing an evaporation chamber in fluid
communication with an impurity chamber and with a target droplet mechanism
liquid target material reservoir and containing liquid source material; heating the ‘
liquid source material to a first temperature sufficient to evaporate first contaminants
with relatively low vapor pressures. The source material may comprise, e.g., lithium
or tin. The first contaminants comprise materials from a group comprising Na
and/or K or similar impurities found in plasma source materials with sufficiently low
vapor pressure to be evaporated in the first evaporation chamber, such evaporation
pressures being substantially below that of, e.g., lithium. The second contaminants
may comprise materials from a group comprising Fe, Si, Al, Ni or like impurities
found in plasma source materials with sufficiently high vapor pressures to not be
evaporated in the first evaporation chamber. At, e.g., 700 - 900 °C Lithium
evaporates intensely enough to provide the required mass consumption rate. At 500
- 600 °C impurities, e.g., Na and K evaporate much more intensely that Li.

According to aspects of an embodiment of the present invention an EUV

target delivery system is disclosed which may comprising a liquid target material

30



WO 2006/091819 PCT/US2006/006600

delivery mechanism comprising a liquid target material delivery passage having an
input opening and an output orifice; an electromotive disturbing force generating
mechanism generating a disfurbing force within the liquid target material as a result
of an electrical or magnetic or acoustic field or combination thereof applied to the
liquid target material intermediate the input opening and output orifice. The
electromotive disturbing force generating mechanism may comprise a current
generating mechanism generating a current through the liquid target material; and a
magnetic field generating mechanism generating a magnetic field through the liquid
target material generally orthogonal to the direction of current flow through the
liquid target material. The mechanism may also comprise a modulating mechanism
modulating one or the other or both of the current generating mechanism and the
magnetic field generating mechanism. The current generating mechanism may
comprise a first electrical contact in electrical contact with the liquid target material
at a first position intermediate input opening and the output orifice; a second
electrical contact in electrical contact with the liquid target material at a second
position intermediate the input opening and the output orifice; a current supply
electrically connected to the first and second electrical contacts. The magnetic field
generating mechanism may comprise at least one permanent magnet or electro-
magnet. The modulation may be selected from the group comprising pulsed or
periodic modulation.

It will further be understood that the target delivery system may comprise a
liquid target delivery droplet formation mechanism having an output orifice; and a
wetting barrier around the periphery of the output orifice, which output orifice may
comprise a pinhole nozzle. The wetting barrier may comprise a liquid gathering
structure separated from the output orifice, such as, e.g., an annular ring-like grove
or a series of grooves/slots spaced apart from each other generally in the shape of
arcs of an annular ring-line groove or a groove spaced apart from the output orifice
and surrounding the output orifice forming a continuous perimeter of a selected
geometry around the output orifice or a series of grooves spaced apart from the
output orifice and spaced apart from each other surrounding the output orifice

forming a broken perimeter of a selected geometry around the output orifice.
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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 EUV target delivery system comprising:

a liquid target delivery system target material reservoir;

a target material purification system connected to deliver liquid target
material to the target material reservoir comprising:

a first container and a second container in fluid contact with the target
material reservoir;

a filter intermediate the first chamber and the second chamber;

a liquid target material agitation mechanism cooperatively associated with
the second container an operative to rotate the liquid target material within the
second container to remove surface film to agitate the liquid target material in the
second container to prevent surface film from forming on the exposed surface of the
liquid target material or remove surface film formed on the exposed surface of the

liquid target material.

2. The apparatus of claim 1 further comprising:
the liquid target material agitation mechanism comprising an electromagnetic
or magnetic stirring mechanism at least partly positioned outside of the second

container.

3. The apparatus of claim 1 further comprising:
the liquid target material agitation mechanism comprising an electromagnetic
or magnetic stirring mechanism at least part of which is positioned within the second

container.

4. The apparatus of claim 2 further comprising:
the liquid target material agitation mechanism comprising an electromagnetic
or magnetic stirring mechanism at least part of which is positioned within the second

container.
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5. The apparatus of claim 3 further comprising:
the liquid material agitation mechanism comprising a swirling mechanism

positioned within the second container.

6. The apparatus of claim 4 further comprising:
the liquid material agitation mechanism comprising a swirling mechanism

positioned within the second container.

7. The apparatus of claim 3 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the second container.

8. The apparatus of claim 4 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the second container.

9. The apparatus of claim 5 further comprising:
the swirling mechanism is driven by an electromagnetic or magnetic driver

external to the second container.

10. The apparatus of claim 6 further comprising:
the swirling mechanism is driven by an electromagnetic or magnetic driver

external to the second container.

11. The apparatus of claim 7 further comprising:
the flopping mechanism is driven by an electromagnetic or magnetic driver

external to the second container.
12. The apparatus of claim 8 further comprising:

the flopping mechanism is driven by an electromagnetic or magnetic driver

external to the second container.
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13. The apparatus of claim 9 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of O,, N, and/or H,O.

14. The apparatus of claim 10 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of O,, N, and/or H,O.

15. The apparatus of claim 11 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of O,, N, and/or H,O.

16. The apparatus of claim 12 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of O,, N, and/or H,O.

17. The apparatus of claim 11 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.

18. The apparatus of claim 12 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.

19. The apparatus of claim 13 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.
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20. The apparatus of claim 14 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.

21. An EUV target delivery system comprising:

a liquid target delivery system target material reservoir;

an inert gas pressurizing unit applying pressure to the interior of the reservoir
comprising an inert gas; and

an inert gas purification system connected to deliver the inert gas to the
liquid target material reservoir interior comprising:

an inert gas supply container;

at least one purification chamber containing the target material in a form
reactive with impurities contained in the inert gas reacting with such impurities and
removing from the inert gas the impurities in sufficient quantity that such impurities
are substantially removed from the inert gas such that reactions between the target

--material and such impurities are substantially prevented from forming substantial

amounts of target material-impurity compounds when the inert gas contacts the

liquid target material in the liquid target material reservoir.

22. The apparatus of claim 21 further comprising:
the at lest one purification chamber comprises a plurality of purification

chambers.

23. An EUV target delivery method comprising:

providing an evai:oration chamber in fluid communication with an impurity
chamber and with a target droplet mechanism liquid target material reservoir and
containing liquid source material;

heating the liquid source material to a first temperature sufficient to

evaporate a first set of contaminants but not a second set of contaminants;
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heating the liquid source material to a second temperature sufficient to

evaporate lithium and leave the second set of contaminants behind.

24. The method of claim 22 further comprising:

the source material comprises lithium. .

25. The method of claim 23 further comprising;:

the source material comprises tin.

26. The method of claim 23 further comprising:
the first contaminants comprise materials from a group comprising Na and/or
K.

27. The method of claim 24 further comprising:
the first contaminants comprise materials from a group comprising Na and/or
K

28. The method of claim 25 further comprising:
the first contaminants comprise materials from a group comprising Na and/or
K.

29. The method of claim 23 further comprising:

the second contaminants comprise materials from a group comprising Fe, Si,
Al, Ni.
30. The method of claim 24 further comprising:

the second contaminants comprise materials from a group comprising Fe, Si,

Al, Ni.

31. The method of claim 25 further comprising:
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the second contaminants comprise materials from a group comprising Fe, Si,
Al, Ni,

32. The method of claim 26 further comprising:
the second contaminants comprise materials from a group comprising Fe, Si,
Al, Ni.

33. The method of claim 27 further comprising:
the second contaminants comprise materials from a group comprising Fe, Si,
Al, Ni.

34. The method of claim 28 further comprising:
the second contaminants comprise materials from a group comprising Fe, Si,
Al, Ni.

35. An EUV target delivery system comprising:

a liquid target delivery éystem target material reservoir;

a target material purification system connected to deliver liquid target
material to the target material reservoir comprising:

at least one container in fluid contact with the target material reservoir;

a liquid target material agitation mechanism cooperatively associated with
the at least one container an operative to rotate the liquid target material within the at
least one container to remove surface film to agitate the liquid target material in the
at least one container to prevent surface film from forming on the exposed surface of
the liquid target material or remove surface film formed on the exposed surface of

the liquid target material.

36. The apparatus of claim 35 further comprising:
the liquid target material agitation mechanism comprising an electromagnetic
or magnetic stirring mechanism at least partly positioned outside of the at least one

container.
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.37. The apparatus of claim 35 further comprising:
the liquid target material agitation mechanism comprising an electromagnetic
or magnetic stirring mechanism at least part of which is positioned within the at least

one container.

38. The apparatus of claim 36 further comprising:
the liquid target material agitation mechanism comprising an electromagnetic
or magnetic stirring mechanism at least part of which is positioned within the at least

one container.

39. The apparatus of claim 37 further comprising:
the liquid material agitation mechanism comprising a swirling mechanism

positioned within at least one container.

40. The apparatus of claim 38 further comprising:
the liquid material agitation mechanism comprising a swirling mechanism

positioned within the at least one container.

41. The apparatus of claim 35 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the at least one container.

42. The apparatus of claim 36 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the at least one container.
43. The apparatus of claim 37 further comprising:

the liquid material agitation mechanism comprising a flopping mechanism

positioned within the at least one container.
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44, The apparatus of claim 38 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the at least one container.

45. The apparatus of claim 39 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the at least one container.

46. The apparatus of claim 40 further comprising:
the liquid material agitation mechanism comprising a flopping mechanism

positioned within the at least one container.

47. The apparatus of claim 41 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of Oy, N, and/or H,O.

48. The apparatus of claim 42 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of O,, N, and/or H,O.
49. The apparatus of claim 43 further comprising:
the filter comprising a mechanism for removing impurities from the liquid
target material such as compounds of O,, N, and/or H,O.
50. The apparatus of claim 44 further comprising:
the filter comprising a mechanism for removing impurities from the liquid

target material such as compounds of O,, N, and/or HyO.

51. The apparatus of claim 35 further comprising:
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the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.

52. The apparatus of claim 36 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.

53. The apparatus of claim37 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.

54. The apparatus of claim 38 further comprising:
the liquid target material agitation mechanism comprising a moving
magnetic field inducing rotational motion in the liquid target material due to the

passage of a rotating magnetic field through the liquid target material.
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