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(57) Abstract: A filter is used, in a target,
material supply apparatus and includes a
sheet having a first flat surface and a
second opposing flat surface, and a plural-
ity of through holes. The first flat sur-
face-is in fluid communication with a

reservoir that holds a target mixture that
includes a target, material and non-target
particles. The through holes extend from
the second flat surface and are fluidly
coupled at the second flat surface to an
orifice of a nozzle. The sheet has a surface
area that is exposed to the target mixture,

Fig. 2

the exposed surface area being at least a
factor of one hundred less than an ex-
posed surface area of a sintered filter hav-
ing an equivalent transverse extent to that,
of the sheet.
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FILTER FORMATERIAL SUPPLY AFPARATUS

CROSS-REFERENCES TO RELATED APPLICATIONS

The present application claims priority to United States Unility Patent Application Serial
Nomber 13/112,784 filed on May 20, 2011, entited “FILTER FOR MATERIAL SUPPLY
APPARATUS,” Attorney Docket No. 002-043001/2019-0031-01, the entive contents of which

are hereby incorpovated herein by reference.

TECHNICAL FIELD
The disclosed subject matter relates to g filter for use in a targst material supply

apparaiy

BACKGROUND

Extreme ultraviolet (CEUV™) Hght, for example, electromagnetic radiation having

wavelengths of around 50w or less {also sometimes referred to as soft X-rays), and including
tight at a wavelength of about 13 nm, can be used in photolithography processes to produce
extremely small features in substrates, for example, silicon wafers,

Methads to produce BUY light inchude, but are not necessarily Hmited to, converting a
material into a plasma state that has an glement, for example, xenon, Hithivm, or tin, with @
emission Hne in the EUV range. In one such method, often termed laser produced plasma
{“LPT), the required plasma can be produced by frradiating a target material, for exarople, in the
forns of & droplet, stream, or cluster of material, sith an amplified light bearo that can be referred
to as a drive laser. Forthis provess, the plasma is typically produced in a sealed vessel, for

example, a vacoam chamber, and monitored using varlous types of metrology equipment.

SUMMARY
In some general aspects, an apparatus supplies a target matedal to g target location. The
apparatus includes a reservoir that holds g targel mixture that includes the target material and
non-target particles; a first filter through which the target mixture is passed; a second filter
through which the target mixture is passed; and a supply system that receives the target mixture

that has passed through the first and second filters and that supplies the target mixture o the
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target location, ihe second filter includes a set of through holes having uniformly-sized cross-
sectional widths and has a surface area that is exposed to the target mixture, the exposed surface
area being at least a factor of one hundred less than an exposed surface area of a simtered filter
having an equivalent transverse extent to that of the second fiiter.

Implementations can include one or more of the following features. For example, the
second filter can receive the target mixture that has passed through the first filker, O, the first
filter can receive the target mixture that has passed through the second filter.

The second filter can include another set of uniformly-sized through holes having &
transverse size that is different from a transverse size of the uniformiy-sized throngh holes of the
set,

The first filter can be selected from the group of sintered filicrs and mesh filiers.

The first filter can also inclnde a set of through holes having uniformiy-sized cross-
sectional widths and can have a surface area that Is exposed to the target mixture, the exposed
surface ares being at least a factor of vne hundred less than an exposed surface area of a sintered
filter having an equivalent transverse extent to that of the second filter. The eross-sectional
widths of the through holes of the fiest filter set can be different from the cross-sectional widths
of the through holes of the second filter set,

The sceond filter can have a thickness along s longitudinal divection that is large enough
to withstand a pressure differential across the second filter

Each hole in the set of throngh holes of the second filter can have a cross-sectional width
that is less than 10 um. The cross-sectional switith of each hole in the set of through holes of the
second filter can vary no more than 20% from the cross-sectional width of each of the other
holes i the set of through holes of the second filier.

The supply system can include a nozzle that defines an orifice throngh which the target
raixture is passed. The nozele can divect the target mixture toward the target loeation through the
orifice. The cross-sectional width of cacly hole in the set of through holes of the second filter can
be less than a cross-sectional width of the nozzle orifice. The supply system can be configured
o generate droplets of the targetr material,

At least one of the first and second filiers can be made at least in part ol tungsten,

titanium, molybdenuny, nickel, tantalom, or other matal, quarte, glass, or ceramic material,



30

WO 2012/161860 PCT/US2012/029838

Docket Mumbser: 2010003102

The through holes of the set in the second filter can be sized to block at least some of the
non-target particles.

The target mixture can be a fuid, The fluid can be a Hquid, a gas, or, to some extent, a
plastic solid.

The second filter can be made of glass or tungsten. The second filter can be a non-mesh
and & now-sintered filter,

The second filter can inglude etched holes or collimated capillary holes, The fivst filer
can be a sintered filter. The second filter can include micro-taachined holes

The first filter can include holes that are sized to block at least some of the non-target
particles. The second filter can include holes that are sized to block at least some of the non-
target paiticles.

The second {Hlter can be made of a material that is different from a material of the fiest
filter. The second filter can be made of glass.

The target material can be pure tin. In this case, the first filter can be made of a material
that is hot perfectly compatible with tin, for example, the material of the first filter may be
readily corroded or eroded by liguid tin. For example, the first filter can be made of titantum,
stainless steel, or a material that is formable, sinterable, ductile enough to withstand mounting
after sintering. In this case, the second filter is more compatible with tin. For example, the
second filter can be made of glass, tungsten, nickel, other refractory metal, quartz, or a suitable
cerantic material (such as slumina, silicon carbide, silicon nitride, TiN, ste.).

i other general aspects, an apparatus includes a reservoir that holds a target mixture that
includes a target material and non-target pavticles; s fiest filter through which the target mixture
fs passed, the first filter being made of a fivst material; a second filter through which the target
mixture is passed, the second filter being made of a second material that is different from the first
materialy a supply systen that receives the target mixture that has passed through the firstand
second filters and that supplies the terget mixture to the target location; a radiation spurce that
supplics radistion to the target location to thereby strike the target mixture; and a collection
system that captures and directs extreme uliraviolet Hght generated by the target mixtore struck
by the radiation,

Implementations can include one or more of the following features. Fov example, the

second filter can receive the target mixtues that has passed through the fivst filter
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The target material can include tin and the second material can include glass or tungsten.

The second filter can include a set of through holes having uniformly-sized cross-
sectional widths.

In ancther general aspect, 8 filter that is used in a target material supply apparatus
includes a plurality of through holes that are fluidly coupled at a fisst end to a reservolr that holds
a target mixture that includes a target material and non-target particles, and are fluidly coupled at
a second end to an ovifice of a nozzle. A cross-sectional width of each through hole of the
plurality of through holes of the filier varies ne mors than 20% from the cross-sectional width of
gach of the other through holes of the plurality of thvough holes and the cross-sectional width of
each hole of the plurality of through holes is loss than g height of the hole,

Implementations can include one or more of the following festures, For example, the
through holes can be eylindrically-shapad. The sumber and the cross-sectional width of the
holes of the plurality can be chosén so that 8 pressire drop across the filter is negligible after the
target mixture fills 2 volume between the filier and the nozzle and the target mixture flows
through the nozzle ortfice. The cross-sectional widths of the holes van be sized to block at least
some of the non-target particles.

The filter can be mads of a material that is compatible with the target material, The filter
can be made of tungsten or glass or other ceramic if the target material includes tin,

Each of the holes ean have a circular cross section and the cross-sectional width of the
hole can he a diameter of Uis cireular cross section,

The filter can also include g plurality of openings, each openiiig being between the {irst
end of the reservolr and & set of holes such that the opening fluidly couples the fivst end of the
risservolr to the set of holes. Bach opening can have a cross-sectional width; and each hole in the
set of holes can have a cross-sectional width that is smaller then the cross-sectional width of the
apening to which the hole is fluidiy coupled, Each of the oponings ean have a circular cross
seetion and the cross-sectional width of the opening is a diameter of Hs cireular cross section.
The cross-sectional widths of the holes can be sized to block at least some ol the non~target
particies,

In gnother general aspect, 2 filler for use in o target material supply apparatus inclndes a
plurality of through holes that are fuldly coupled ata first end to a reservolr that holds a target

mixture that includes a target materisl and non-target pacticles, and are fluidly coupled ata
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second end to an orifice of & nozele; and a-plorality of openings, each opening being between the
first end of the reservolr and a group of through holes such that the opening fluidly couples the
first end of the reservoir to the group of through holes. Each opening has a eross-sectional

¥

width, and each through hole in the group of through holes has a cross-sectional width that is
smaller than the cross-sectional width of the opening to which the through hole is Suidly
coupled,

Implementations can include one or more of the following features, For example, the

through holes can be cylindrical end have a uniform cross-sectional widih along an axial length
of the through hole. The through holes can be formed as a capillary array.

The pluraiity of openings can be defined betwesn a first surface that faces the reservolr
and the set of through holes. The plurality of through holes can be defined between a second
siirface that faces the nozzle and the plurality of openings.

In other general aspects, a device for generating light includes a radiation source that
supplies radiation to a target location; @ supply system that supplies a target mixiore 16 the target
location such that a plasma is formed when a target material within the tatge! mixtute i3
irradiated by the supplied radistion; and a filter configured to femove at least some pon-target
particles from the target mixture before the target mixtine reaches the target location, The filter
includes a plorality of through holes that ave fluidly coupled at a first end to a reservoir that holds
the target mixture that inclades the target materis! and the non-target particles, and are fluidly
coupled at 7 second end to the supply system; and a plorality of openings, each opening being
between the first end of the reservolr and a group of through holes such that the opening fuidly
couples the fiest end of the reservoir to the group of through holes,

fmplementations can include oue or more of the following features. For example, gach
opening can have a cross-sectional width, and each through hele in the group of through holes

gan have 3 oross-sectional widih that s smaller than

the cross-sectional width of the opening to

o

which the theough hole is fluidly coupled.

In another general aspest, & filter for use in a target material supply apparatus includes a
sheet having a first flat surface and a second opposing flat surface, the fivst flat surface being in
fluid communication with a reservoir that holds a target mixture that includes a target material
and non-target particles; and a plurality of through holes extending from the second flat surface

and being fluidly coupled at the second flat surface 1o an orifice of a nozzle. The sheet has a

LA
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surface area that is exposed o the target mixture, the exposed surface aves being at least a factor
of one hundred less than an exposed surface area of a sintered filter baving an equivalent
transverse extent to that of the sheet.

Implementations can include one or more of the following features. For example, the
exposed surface area can be at least ¢ fuctor of ten thousand less than an exposed surface area of
a sintered filter having an equivelont transverse extent to that of the sheet, The filter can also
include a plurality of openings extending from the first st surface, each opening Huidly
coupling a groop of through holes 1o the resetvoir.

In other general aspects, a method of fliering includes bolding @ target mixtire that
includes & target material and non-target pasticles in a reservolr; ramoving, using a fivst filtar, af
least some of the non-tavget particles of the target mixture; removing, using a second filter that
has a set of through holes having uniformby-sized cross-sectional widths, at least some of the
non-target particles of the target mixture; controlling, using a supply system, a flow of the target
mixture that passed through the second filter; and directing the target mixture passed through the
second filter to a target location that receives an graplified light beam to thereby convert the
target material of the target mixtare nto & plasma state

Implementations can include one or more of the following features. For example,
removing at least some of the non-target particies of the target mixture using the second filter can
include removing at least some of the non-target particles of the target mixtare that remain after
having passed through the first filter.

The method can also include removing, using the second filter, at least some nonstarget
particles of the target mixture that were introduced into the target mixtare by the Hrst filter.

The target mixture flow can be controlled by passing the target mixiure from the second

filter through an orifice of the supply system.

DRAWING DESCRIPTION
Fig. 1 is a block diagram of s laser produced plasma (LPP} extreme ultraviolet {(EUV)
light souree;
Figs. 24 are schematic cross-sectional diagrams of exeinplary target material supply

apparatuses of the Hght source of Fig, 1}

<
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Fig. $ is a schematic cross-sectional diagram showing an exemplary filter design within
the target materiad supply appavatuses of Figs. 2-4;

Fig. 6A is a schematic cross-sectional disgram showing an exemplary filter that can be
used in the design of Fig. §;

Fig. 6B is a schematic cross-seotional diagram of a magnified portion of the filter of Fig.
&A that shows details of holes formed therein;

Fig, 7 is a schematic cross~sectional diagram of a bulk substance that is used to form the
filter 1o Figs. 64 and 68y

Fig, 8A is a top view of the bulk sobstance of Fig. 7 showing openings foymed thersin;

Fig. 8B is a cross-sectional view taken along 8B-88 of the bulk substance of Fig. §4;

Figs. 9-12, 134, and 144 are cross-sectional views showing each step in the process of
forming the filter of Figs. 6A and 6B frons the bulk substance of Fig. ¥

Fig. 13B is a schematic cross-sectional diagram ofa.magniﬁed p.@riio.n of the bulk
substance of Fig, 134, '

Fig. 14B is a schematic cross-sectional diggram of a magnified portion of the bulk
substance of Fig, 4A;

Fig. 15 is a schematic cross-sectional diagram showing an exemplary filter design within
the target material supply apparatuses of Tigs. 2-4;

Fig. 16 is a schematic cross-sectional diagram of a bulk substance that is used t form the
filter in Fig. 15

Fig. 17 is a schamatic cross-sectional diagram of the filter in Fig, 135;

Fig. 18A is a perspective view of an exemplary non-mosh, non-sintered filter that can be
sed in the {arget material supply apparatuses of Figs. 2-4; and

Fig. 188 is a perspective view of an exemplary sintered filier having the same transverse

extent of the exemplary flter of Fig, 18A.

DESCRIPTION
Referring to Fig. 1, an LPP BUV light source 100 is formed by irvadiating a tavget
mixture 114 at a target location 103 with an amplified light beam 110 that travels along a beam
path toward the target misture 114, The target location 105, which is alsoreferred o as the

irradiation site, is within an interior 107 of a vacuum chamber 130, When the amplified light

i
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beam 114 strikes the target mixture 114, a target material within the target mixture 114 is
converted into a plasma state that has an element with an emission line in the EUV range. The
created plasma has certain characieristics that depend on the composition of the target material
within the target mixture 114, These characteristics can inclnde the wavelength of the EUV light
produced by the plasma and the type and amount of debris released from the plasma.

The hight sowrce 1 aleo includes 4 target material delivery system 1235 that delivers,
controls, and divects the tavget mixtwee 114 in the form of Hguid droplets, a Hiquid stream, solid
particles or clustars, solid particles contained within Hquid droplets or solid particles contained
within a Hauid stream. The target mixtwee 114 includes the target material such as, for example,
water, tin, lithium, xenon, or any material that, when converted to a plasma state, has an emission
ling in the EUV range, For example, the element tin ¢an be used as pure tin (Sn) s atin
compourd, for example, SnBry, SaBr, SnH,; as a tin alloy, for example, tin-gallium alloys, tin-
indium alloys, tn-indivm-galium allovs, or any combingtion of these alloys. The target mixture

. »

114 can also Include impurities such as non-arget particles. Thus, in the sifuation in which there
are no frnpurities, the target mixture 114 s made up of only the target material, The target
mixture 114 is delivered by the target material delivery system 125 into the interior 107 of the
chamber 130 and to the target location 108,

This deseription relates to the use of a filter and 8 method of filtering within the target
material delivery system 123 for removing the impurities (such as non-target particles) within the
target mixtwee 114, A description of the components of the light source 100 will initially be
described as background before a detailed description of the target material delivery system 125,

The light source 100 includes a deive laser system 115 that produces the amplified light
beam 118 due to a population lnversion within the gain medium or medivms of the laser system
115, The light sonree 100 includes a heam delivery system between the laser system 115 and the
target location 105, the beam delivery system Including a beam transport systems 120 and a focus
assembly 122, The beam transport system 120 receives the amplified light beam 110 from the
faser system 115, and steers and modifies the amplified lght beany 110 as neaded and outputs the
anplitied Hght beam 110 to the focus sssembly 122, The focus assembly 122 receives the
amplified light beams 110 and focuses the beam 110 to the target location 1035,

I some implementations, the laser system 113 can include one or more optical

amplifiers, lasers, andfor lamps for providing one or more main palses and, in some cases, one ot
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more pre-pulses. Fach optical amplifier includes a gain medium eapable of optically anmplifying

the desived wavelength af a high gain, an sxcitation source, and internal optics, The optical
amplifier may or may not have laser mirvors or other feedback devices that form a laser cavity,
Thus, the laser system 115 produces an amplified light beam 118 duc to the population inversion
in the gain mediz of the laser amplifiers even if there is no laser cavity, Moreover, the laser
system 115 can produce an amplified light beam 110 that 15 a coherent laser bheam if there is a
haser cavity 1o provide enough feedback to the laser system 1150 The term “amplified lght
beam” encompasses one or more of: light from the Jaser systern 115 that ia mersly amplified but
not negesaarily a coherent laser oscillation and light from the laser system 115 that is amplified
and is also a coberent laser oscillation.

The optical amplitiers i the laser system 115 can include as a gain medinm a filling gas
that includes CO; and can amplify light at a wavelength of between sbout 9100 and about 11000
nm, and in particular, at about 10600 nm, at a gain gregter than or equal to 1000, Suitable
amplifiers and lasers for use in the lgser system 115 can include a pulsed laser device, for
example, a pulsed, gas-discharge CO» laser device produciig radiation at abowt 8300 nm or
about 10600 nm, for example, with DC or RF exeitation, operating at relatively high power, for
example, 10kW or higher and high pulse repetition rate, for example, 50kHz or more. The
optical amplifiers in the laser system 115 can also include a cooling system such as water that
can be used when operating the laser system 115 at higher powers.

The light source 100 includes a collector mivvor 135 having an aperture 140 o allow the
amplified light beam 110 to pass through and reach the target location 105, The collectormirror
135 can be, for example, an ellipsoidal mirvor that has g primary focus at the target location 103
and a secondary focus at an intermediate location 143 (also called an intermediate focus) where
the EUV light can be cutput from the Hght source 100 and can be input to, for example, an
tntegrated cireuit Hithography tool (not shown), The light sowrce 100 can also include an open-
ended, hollow conical shroud 150 {for example, a gas cone) that tapers toward the target location
105 from the collector mirvor 133 to reduce the amount of plasma-gencrated debris that enter
the focus assembly 122 and/or the beam transport system 120 while allowing the amplified Eigm
beam 110 to reach the target location 103, For this purpose, g gas flow can be provided in the

shroud that is directed toward the target location 105,
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The light source 100 can also include a master controller 153 that is connected to a
droplel position detection feedback system 136, a laser control system 157, and & heam control
system 158, The light source 100 can include one or move target ov droplet imagers 160 that
provide an output indicative of the position of & droplet, for example, relative to the targat
focation 105 and provide this ovtput to the droplet position detection feedback systens 156,
which can, for example, compute a droplet position and trajoctory from which a droplet position
grror can be computed aither on a droplet by droplet basis oy on sverage. The droplet position
detection feedback system 136 thus provides the droplet position error as an input to the master
controller 183, The master controller 155 can therefore provide a laser position, divection, and
timing correction signal, for example, to the laser control systern 157 that can be used, for
example, to control the laser tirning cireuit and/or to the beam contrel system 158 {o control an
amplified light beam position and shaping of the beam ttansport system 120 to change the
jocation and/or focal power of the beam focal spot within the chamber 130,

The target material delivery system 125 includes a target material delivery control system
126 that is operable in response o 8 signal from the master controlier 155, for example, to
modify the release point of the droplets as released by a target material supply apparatus 127 (o
gorrect for errors in the droplets arriving at the desired target location 105,

Additionally, the i!&,ht source 100 can miclude a light source detector 165 that measures
one ot more EUV light parame neluding but not limited to, pulse energy, energy distribution
as a function of wavelength, energy within a particular band of waveie:agi’r&sg energy outside of a
particular band of wavelengths, and angular distribution of BEUV intensity and/or average powey,
The light source detector 165 generates a feadback signal for use by the master controller 158,
The feedback signal can be, for example, indicative of the ervors in parameters such as the timing
andd focus of the laser pulses to properly intercept the droplets in the right place and time for
effective and efficient EUTV light production,

The light source 100 ¢an also include a guide laser 1735 that can be used to align varions
sections of the light source 100 or to assist in steering the amplified light beam 110 to the target

focation 103, In connection with the guide laser 175, the light souree 100 includes 8 metvolog
systeny 124 that Is placed within the focus assembly 122 to sample a portion of light from the
guide faser 175 and the mnplified light beam 110, In other implementations, the metrology

system 124 is placed within the beam transport system 120, The metrology system 124 can
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include an optical element that samples or re-divects a subset of the Hght, such optical slement
baing made out of any material that can withstand the powers of the guide laser beam and the
amplified light beam 110, A beam analysis system is formed from the metrology system 124
and the master controller 135 since the master controller 155 aunalyzes the sampled light from the
guide laser 175 and yses this information to adjust conponents within the focus assembly 122
through the beam control system 138,

Thus, in summary, the lght sowce 100 produces an amplified light beam 110 thatis
directed slong the beam path to rradiate the target mixture 114 at the target location 103

convert the target material within the mixture 114 into plasma that emits light in the EUV range.

<3

&

The graplified light beam 110 operates at a particular waveleagth (that (s also referredio as a
source wavelength) that is deternined based on the design and properties of the laser system 113,
Additionally, the amplified Hght beam 110 can be a laser beam when the target material provides

enough feedback back into the laser system 115 to produce coherent laser light or if the drive
laser system 113 inchudes suitable optical foedback to form a laser cavity,

Referring to Fig. 2, in an exemplary implementation, 8 target material supply apparatus
227 inchudes two chambers, a {irst chamber 200 (which is alse veferred to as a bulk material
chamber) and a second chamber 205 {which is also referred to 88 a reservoir) fluidly coupled to
the first chamber 200 by a pipe 210 that can be fitted with a valve 1o control the flow of material
between the first chamber 200 and the second chamber 205, The {irst and second ehambers 200,
205 may be hermetically sealed volumes with independent, active prossure controllers 202, 207,
The first and second chambers 200, 203, and the pipe 210 can be thermally coupled to one or
more heaters that control the temperature of the first and second chambers 200, 208 and the pipe
210, Additionally, the apparatus 227 can alse in¢lade one or more level sensors 215, 220 that
detect an amount of substance within each of the respective chambers 200, 205, The outpnt of
the level sensors 215, 220 can be fed to the control system 126, which is also connected 1o the
pressure controllers 202, 207,

in operation, an operator fills the first chamber 200 with a bulk substance 225, and heats
up the substance 225 using the heater thermally coupled to the first chamber 200 until the bulk
substance 225 becomes a fluid, which can be a lignid, a gas, or a plasma. The resultant fuid can
be referred to as a target mixture 230 that includes the target material plus other non-target

particles, The non-target particles are impurities in the targel mixture 230 that are removed by
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one or move filters {(such as fst and second filters 235, 240} in the apparatus 227, The pipe 210
and the second chamber 205 may also be heated by thelr rexpective heaters to maintain the target
mixture 230 a8 a fluid.
¢ apparatus 227 also fnclades a supply system 245 at the output of the second chamber

203, folloy fing the second filter 240, The supply system 245 receives the target mixtwre 230 that
has passed through the first and second filiers 233, 240 and supplies the target mixtare in the
form of droplets 214 to the target location105, To this end, the supply system 245 can include a
nozele 250 defining an orifice 255 through which the target mixture 230 escapes to forn the
droplets 214 of the target mixtwe. The output of the droplets 214 can be controlled by an
actuater such as a pigzoelectric actuator. Additionally, the supply systen 245 can include other
regulating or directing components 260 downstream of the nozzle 250, The nozzle 250 andfor
the directing components 260 direct the droplets 214 {which is the target mixture 230 that ha
been filtered to include the target material and a lot less of the impurities) o the farget location
105,

The control system 126 receives inputs from the level sensors 213, 220, and controls the

hegters to melt p given amourt of the substance 223, The control systemr 126 also controls the

pressure in cach of the chambers 200, 205 and the opening and clasing of the valve in the pipe
210, A description of an exemplary arrangement of the first and second chambers 200, 205 is
found tn U8, Patent No. 7,122,816, which is incorporated herein by reference in its entively,
Asmentioned above, the apparatus 227 jncludes fiest and second filters 235, 240 through
which the target mixture 23{ is passed to remove impurities such as the non-target particles from
the target mixture 230, The first filter 235, which is optional, can be a sintered filter or a mesh
filter. The second Tilter 240 can be a filter that is g non-singered, non=mesh filter that includes at
least a set of uniformiy-sized through holes formed betwesn opposing flat surfaces, as desoribed
in greater detail below, The second {ilter 240 has a swriace that is exposed to the target mixture
230, the exposed surface area of second filter 240 can be at least a factor of one hundred less
than an exposed surface area of a sintered filter that has an equivalent transverse extent as the
tranaverse extent of the second filter 240, as described in greater detall when discussing Figs.
18A and 18B. In some implementations, the first filter 235 is also a non-sintered, non-mesh
filter that also includes a set of uniformiy-sized through holes formed between opposing flat

surfaces
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The first filler 235 can be made from a first material and the second filter 240 can be
miade of & second material that ix distinet from the first nyaterial, In this way, if the fivst material
does not adequately ramove the non-target particles from the target mixture 230 or if target
material causes the first material to leach from the frst filter into the target minture 230, then the
second material can be selected to be distinet from the first material to provide for the benefits
not adequately provided for by the firstmaterial, Thus, the second material can be selected to
remove the leached first material from the target mixhwe 230 or to more adeguately remove
other non-target particles from the farget mixture 230, For example, if the first material is
titaniony, then the second material can be tungsten o glass.

Muoreover, the holes of the second filter 240 can have a cross-sectional width that is
different from a cross-sectional width of the holes of the first filter 235, Thus, in one
implementation, the holes of the second fiiter 240 have a cross-sectional width that is less than
the crosa-sectional width of the holes of the first filter 235, 1n this way, the second filter 240
would be designed to remove smallsr non-target particles in the farget mixture 230, In other
implementations, the holes of the second filter 240 have a cross-sectional width that is equal to
or greater than a cross-sectional width of the holes of the first filter 235, 1n this way, the second
filter 240 can be designed to remove non-target particles that were introduced into the target
mixture 230 by the first filter 235,

Bach hale of set of uniformiy-sized through holes the second filter 240 can have a cross-
sectional width that is less than 10 i in the plesentation in which the target material is tin,
The crass-sectional width of each of the through holes in the set of the second filter 240 can be
configured to vary no more than 20% from the cross-sectional width of each of the other holes in
the set of the second filter 240; in this way, the second filter 240 can be said to have a sef of
“uniformiy-sized” holes, Additionally, the eross-sectional width of each of the holes of the
second filter 240 is legs than the sectional width of the orifice 255,

The width of a through hole is a distance that is measured along a eross section that is in
the teansverse plane, which is the plane thet is perpendicular to a longitudinal divection 241,
which is labeled fn Fig. 2. The longituding! direction 241 gencrally extends along the direction
traveled by the target mixture 230 as i iravels from the second chamber 203 toward the nozzle

25
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Referring to Fig. 3, another exerplary targel material supply apparatus 327 is designed
similaety to the apparatus 227 in that i includes a first chamber 300 and a second chamber 3035
fluidly coupled 1o the first chamber 300 by a pipe 310, What distinguishes the apparatus 327

¥
i

from the apparatus 227 is that the apparatus 327 includes a first filter 335 that is placed betwegn
the fiest chamber 300 and the second chamber 305 while the fiest filter 235 of the apparatus 227
is between the second chamber 205 and the supply systen 245,

Reforving to Fig, 4, another exemplary target material supply apparatus 427 is designed
simifarly to the apparatus 227 in that it includes a first chamber 400 and a second chamber 405
fluidly coupled to the first chamber 400 by a pipe 410, What distinguishes the apparatus 427
from the apparatus 227 is that the apparatus 427 lacks a first filter and includes only a filter 440
that is placed between the second chamber 403 and the supply systeny 4485,

A description of an exemplary filter, which can be the second filter 240, 340 of Figs. 2
and 3, pr the filter 440 of Fig. 4, or can be both filters 235, 240 and 335, 340 of Figs. 2 and 3, 18
provided next with reference to Figs. 5-14B along with a description of how the Giter is secured
within the target material supply apparatus. Referring first to Fig. 3, the flter 540 is mvanged
near an opening 3635 of the second chamber S05. The filter 540 is mounted between an outer
face 567 of the second chamber 5035 and a face 569 of & holder 5371 that houses the supply systam
845, The mount is such that the edges 573 of the filter 5340 are hermetically sealed at the faces
567, 569 so that the target mixtare 530 flows through the through holes within the filter 540 and
ot avound the edges of the filter 340, The edges 573 can be hermetically sealed between the
faces $67, 569 using any suitable sealing system 575, such as, for example, O-tings andfor metal
gaskeds,

Refarring dlso to Figs. 6A and 61, the filter 540 is formed of a bulk sheet-like substance
in a solid phase that has g first flat surfhee 677 that faces the second chamber (o reservoir 505)
and g sceond tlat surface 679 that faces the orifice 555 of the nozzle $88. The material of the
bulk substance is sefected to he compatible with the target nixture to be filteved aud the bulk
substance can be a metal, metal alloy, or a non-netal.

The filter 540 includes a phaality of through holes 680 formed into the bulk substance
and extending from the second flat surface §79. The holes 688 are fluidly coupled at a first end
681 to the second chamber {or reservoir) 50§ that holds the target mixture 530, and gre fluidly

coupled at a second end 683 {(which is at the second Hat surface 679) to the orifice 333 of the
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nozzie 530, In some implementations, all of the holes 680 are through holes such that the target
mixturs is able to pass entirely through every ong of the holes 680 of the filter 540

At least a set of the through holes 680 of the filter 540 gre uniformly sized in that their
cross-sectional widihs 685 do not vary by more than a maximum acceptable value from each
other. Thus, for example, the cross-sectional swidth 685 of each through hole 580 of a set can
vary no more than 20% from the cross-sectional width 683 of each of the other through holes
680 of the set. In this exemplary way, the filter 540 is formed with a design that is distinct frony
that ot a sintered filter, which does not have uniformly-sized holes.

The number of through holes 680 and the vross-sectional width 685 of the through holes
680 in the filter 340 can be chosen based on the pasticular target material 1o be passed through

o]
&

the filter 540, the non-target particles to be blocked by the flter 340, or the necessary pressure
drop maintained goross the filter 540, For example, the number of through holes 680 and the
cross-sectional width 683 of each of the through holes 680 ¢an be selected so that the pressure
drop across the filter 540 is negligible after the target mixture 538 fills a volume 547 between the
filler 540 and the nozzle 550 and the target mixtiwe 330 Hows through the norzle arifice 5335,
The cross-sectional widths 885 of the through holes 680 can be selected based on the size of the
non-target particles to be blocked so that the widths 685 are smaller than the size of the non-
target particles to be blocked. For example, the cross-sectinnal widths 685 can be less than about
Additionally, the holes 680 can form “channels™ in that egch through hole 680 hasa
defined height 687 that extends from the second flat surface 679 a long enough distance to form
g channel. For example, In some implementations, the height 687 of a particalar channel hole
680 can be configured to be greater than or eqoal to the cross-sectional width 683 of that through
hole 680, In this way, the filier 540 is formed with a design that is distinet from that of a mesh
bacase the filter 340 bas at least one flat surface 677, 679 and because cach of the holes 680 of
the fiiter 540 are formed as channels; with each channel having a defined height 687 that is at
least 75% of the croas-sectional width 683 of the channel, at least 100% of the cross-sectionsl
width 683 of the channel, or greater than 100% of the cross-sectional width 683 of the channel.
For example, if the cross-sectional width 685 is 1 wm, then the height 687 can be greater than |

un and in one specific implementation the height 687 can be 10 um,
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The filter 540, in this implementation, also inchudes a plurality of openings 6%0, cach
opening 690 extending between the first flat surface 677 that faces the reservoir 303 and & group
691 of through holes 680 such that the opening 690 fuidly couples the reservair 303 to the group
691 of through holes 680. Each opening has a cross-scotional width 693, and each through hole
G20 in the group 691 has a cross-sectional width 685 that is less than the cross-sectivnal width
693 of the opening 690 to which that through bole 680 is fluidly coupled.

The through holes 680 can be cylindrically-shaped, that is, they can have a cross-
sectional shape that is oylindrical or approximately evlindrical. The through holes 680 can have
a wnifonm cross-sectional width 685 along an axis 689 (which is perpendicular to the longitudinal
direction 241} of the through hole 680,

The through holes 680 can be formed using any suitable method. In Figs. 7-148, an
exemplary method is shown in which the through holes are etched into a bulk substance 743, and
the staps are detatied below.

Referring to Fig. 7, the method stavts with the hulk substance 743, which has a first fla
surface 777 and a second opposing tempovary flat surface 769, The bulk substance 743 can be
formed using any standard machining or fabrication process. The bulk substance 743 can be
made of any snitable material that does not react adversely to the target material. Thus, ifthe
target material is tin, then the bulk substance 743 could be tungsten. Moreover, in one
implementation, the width 753 of the bulk substance 743 can be between about 2 mim to gbout 19
mum and the helght 757 of the bulk substance 743 can be between about 10% to about 30% of the
width 753, which would be between about 8.2 miny to about 3 mum for the exemplary height 737
noted above, The width 753 and the height 757 of the bulk substanee 743 are selected based en
the apphoeation of the filter to be formed, the configuration of the nozzle, the reserveiy; the
ultimate size of the holes to be formed in the filter, and the pressere differential across the filter.

Referring to Figs, 8A and 88, a plurality of openings 790 are formed in the bulk
substance 743, the apenings 790 extending from the first surface 777 to the temporary second
surface 769, The openings can be formed as an array {a regular pattern gs shown in Fig. 8A) of
operings or they can be randomly placed throughout the substance 743, In some
implementations, the epenings 790 are formed using standard machining processes such as
milling or drilling. In other implementations in which the suhstance 743 is a substance that is too

hard to machine using traditional techniques and is elechrically conductive, then the openings 780
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can be formed using electrical discharge machining (EDM), Inother implementations, the
openings 790 ave formed using lithography or etching techniques.

The number of openings 790 that are formed and the width 793 of each opening 790 are
determined at least In part by the pressure limits of the bulk substance 743 and by the desived
number of holes that ave needed for filiering. In an implementation in which the bulk substance
743 iy tungsten, the width 793 of an opening 790 can rangs between about 20 pm to sbout 500
.

Referring next to Fig. 9, the openings 790 are each filled with a filler substance 993 that
exbibits adequate differential etching relative (o the bulk substance 743, The filler substance 993
can be any etchable polymer or other substance as used in lithographic applications if the bulk
substance 743 is tungsten. Referring to Fig. 10, the filler substance 593 is polished to be flush
with the second temporary surface 769, Next, as shown in Fig, 11, a layer 1143 of the material
that makes up the bulk substance 743 is deposited on the second temporary surface 769, Thus,
as an example, the layer 1143 is made of tungsten if the bulk substance 743 is made of tungsten.
In the example in which the bulk substance743 has a height 757 of about 1 mm and a width 753
of about 5 mm, the thickness 1157 of the layer 1143 can be botvween about 5 um and about 15
s,

Next, as shown in Fig. 12, the filler substance 993 {s removed by, for example, stching to
form the openings 690, Then, as shown in Figs. 13A and 138,  photoresist 1395 iz applied to
the layer 1143 and the photoresist 1395 is patterned with holes 1397, Referring to Figs. 144 and
148, the bulk substance 743 is etohed to transfer the photoresist patterned holes 1397 into the
bulk substance 743 to form the through holes 680, Afler the through holes 680 are formed, then
the photoresist 1388 is removed 1o form the completed filter, as shown in Figs. 6A and 613,

Referring to Fig. 15, in another implementation, a filter 1540 can be founed as a capillary
arvay. The filter 1540 is arranged near an opening 1365 of the second chamber 505 and is
mounted between an outer face 1567 of the seeond chamber 505 and a face 1569 of a holder
1571 that houses the supply systzm 345, The mount is configured such that the edges 1573 of
the filter 1540 are hermetically scaled at the faces 1567, 1569 so that the target mixtuve 530
flows through the through holes within the filter 1540 and not around the edges of the filter 1540,
The edges 1573 can be hernstically sealod between the faces 1567, 1569 using any suitable

sealing system 1373, such as, for example, O-rings and/or gaskets.
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Referring also to Figs. 16 and 17, the filter 1540 is formed of a bulk substance 1643 ina
solid phase that has a first flat surface 1677 that faces the second chamber (or reservoir 305} and
a second flat surface 1679 that faces the orifice 558 of the nozzle 5308, The material of the bulk
substance 1643 is selected to be able to withstand bigh pressure differentials, In some
implementations, the bulk substance 1643 is made of titantum. The bulk substance 1643 15
formed with g tapered passage 1669 that has a geometry that accommodates a collimated hole
structure 1680, which is made of any material that is compatible with the target mixture 530 to
be filtered. In some implementations, the structure 1680 is made of 8 non-metal such as glass,

The eollimated hole structure 1680 includes a cladding 1693 and av inner region 1697
that fits within the tapered passage 1669, and the through holes are formed in the inner region
1697, The through holes in the region 1687 can have a cross-sectional width that is comparable
to the cross-seetional width 685 of each theough hole 680 of the filter 540, For exaniple, the
cross-sectional width of cach through bole in the inner region 1697 can be between about 0.5 pm
to about 2.0 pm for a target material such as tin, Additionally, the height of each through hole in
the inner region 1697 can be between about 1-10 mm, The region 1657 can inchude at least
10,000 through holes,

The through holes formed into the region 1697 extend between the second flat surface
1679 and the frvst Hat surface 1677, and they ave fluidly eotipled at a first end 1681 to the second
chamber (or reservoir) 505 that holds the target mixture 530, and ave fluldly coupled at a second
end 1683 to the oriffve 335 of the nozzle 350

At least a set of the through holes of the filter 1540 can be uniformly sized in that theiy
cross-sectional widths do not vary by niore than a maximum gcceptable valne from each other,
Thus, for example, the cross-sectional width of gach through hole of the set can vary no mote
than 209 from the cross-sectional width of each of the other through holes of the set. In this
way, the filter 1540 is formed with a design that is distinet from that of a statered flter, which
does not have a set of wniformiy-sized boles,

Additionally, the number of through boles and the cross-sectional width of each of the
through holes in the filter 1540 can be chosen basgd on the particuiar target material to be passed
theough the filter 1540, the non-target particles 1o be blocked by the filter 1540, or the necessary
presaure drop malitained across the filter 1540, For example, the nnmber of through holes and

the cross-sectional width of the through holes can be selected so that the pressure drop across the
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filter 1540 iz negligible after the target mixture 530 fills a volume 1347 between the fiter 1540
and the nozzle 550 and the target mixture 530 flows through the nozzle onifice 5353, The cross-
sectional widths of the through holes can be selected based on the size of the non-target particles

to be blocked so that the widths are smaller than the size of the non-target particles to be
blocked.

Additionally, as discussed above with respect to the filter 540, the through holes of the
filier 1540 can form “channels” in that each channel hole has a defined height that extends from
the second end 1683 a long enough distance to form a channel. For example, the heighi of a
particular channel hole can be configured o be greater than or equal to the cross-sectional width
of that channel hele. In this way, the filter 1540 is formed with a design that is distinct from that
of a mesh because the filter 1540 has at least one Aat surface 1677, 1679 and because each of the
holes of the filter 1540 ave formed as channels; with each channel having a defined height that is
at least 75% of the cross-sectional width of the channel, at least 100% of the cross-sectional
width of the channel, or greater than 100% of the cross-sectional width of the channel,

The through holes of the filier 1540 can be cylindrically-shaped, that is, they can have a
cross~-sectional shape that is eylindrical or approximately eylindrical. Moreover, the through
holes can have a uniform cross-sectional width along an axis 1689 of the thwough hole.

The through holes in the region 1697 of the filter 1540 are formed using s glass drawing

process, an eiching process, or using drawn tube structures, as detailed by Collimated Holes, Inc,

of Camphell, CA (hitp/ v coliimatedholes conviproducts. himd).

Referring also to Figs. 18A and 188, g filter 1840 is shown next t0 a sintered filter 1898
having an equivalent fransverse extent TE to that of the filter 184, The filter 1840 s a
generalized representation of the filters deseribed above, and it Is not drawn to scale in Fig. 18A,
but is shown merely to provide context for the following deseription. The transverse extent TE
iz a size of the filler 1840 or the sintered filter 1898 that extends along a direction that is
transverse to the longitudinal divection 241 defined by the Qow of the target mixture through the
fiiter 1840, The filter 1840 has a surface 1877 that extends along a plance that is transverse to the
fongitudival direction 241 and the sintered filter 1898 has a surface 1899 that exdends along a
plane that is transverse to the fongitudinal direction 241, The surface 1877 is the swrface near the
through holes that remove at least some of the non-tsrget particles of the target mixture that

impinges upon the filter 1840; thus, the target mixture contacts the surface 1877,
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When used in the targel material supply apparatus, the filter 1840 has a surfzce arca that
is exposed 1o the target mixture and this s referred 1o as the oxposed surface areg of the filter
1840; and the sintered filter 1398 has a surface avea that is exposed to the target mixture and this
is referred to as the exposed surface area of the filter 1898, In the situation in which the filter
1844 and the sintered filter 1898 have the same transverse extent, the exposed surface area of the
filter 1840 iy significantly less than an exposed surface avea of the sintered filter 1898, Thus, for
example, if the filter 1840 and the sintered filier 1898 have the same transverse extent, the
exposed surface area of the filler 1840 is Jess than one hundredth of the exposed surface area of
the sintered filter 1898; the exposed surface avea of the filter 1840 {s less than one ten thousandth
of the exposed surface area of the sintered filter 1898; or the exposed surface area of the filter
1840 is lgss than one wmillionth of the exposed surface area of the sintered filter 1898,

Because of this significant reduction 1n exposed surface ares, the filter 1840 is lesa likely
{0 clog and more easily transfers the target material through while blocking the non-target
particles than the sintered filter 1898 of the same transverse extent.

{ither implementations are within the scope of the following claims.

For example, the target material supply spparatus 127 can have only one chamber ot
mere than two chantbers. The filters can be placed after any of the chambers of the apparatus
127, depending on the slituation, as long as the filter with the uniformly-sized through holes
and/or the lower surface ares is placed between g ressrvoly of the target mixture and the nozzle,

For example, the filter 240, 340, 440 can be formed by micromachining an mvay of
channel holes io create a sieve, by assembling a bundle of fibers of material (stich as ceramic)
compatible with the target material, by placing a filter media {such a3 quartz) in a larger section
of quartz that is fused to a nozele, or with a quartz tube having an m-situ frit Hiter {for exampls,

chromatography capitlary).
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WHAT IS CLAIMED IS
I, An apparatus for supplying a target material to a target location, the apparatus
comprising:
a reservelr that holds a target mixture that inclodes the target matevial and non-arget
particles;
g first filter through which the target mixture is passed;
a second flter through which the target mixture is passed; and
4 supply system that receives the target mixtore that has passed through the fivst and
second filters and that supplies the target mixture to the target location;
wharein the second filter includes a set of through holes and has a surface grea that is

exposed to the target mixture, the exposed surface urea being at least a factor of one hundred less

than an exposed surface arca of a sintered filter having an equivalent ransverse extent to that of

the second filter.

2. The apparatus of claim 1, wherehs the second filter receives the target mixturs that has

passed througlt the frst filter,

The apparatus of claim 1, wherein the through holes of the set have uniformly-sized

cross=sectional widths.

4. The apparatus of claim 3, whereln the szcond filter includes another set of uniformiy-
steed through holes having a transverse size that is diffevent from a transverse size of the

uniforisly-sized through holes of the set.

5. The apparatus of claim 1, wherein the fivst filter includes a set of through holes and
has a surface area that 15 exposed to the target mixture, the exposed surface areg being at leasta
factor of ane hundred less than an exposed surface arse of a sintered filter having av equivalent

travisverse extent to that of the second filte
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&, The apparatus of claim 3, wherein the cross-sectional widths of the through holes of

the first filter set are different from the cross-sectional widths of the through holes of the second
# .

7. The apparatus of claim 1, wherein the second filter has a thickness along a
fongitudinal divection that is large enough to withstand a pressure differential across the second

filter,

8. The apparatus of claim 1, wherein egch hole in the set of throngh holes of the second

filter has a cross-sectional width that is less than 10 um.

Q. The apparatus of claim 1, wherein the cross-sectional width of gach hole in the setof
throngh holes of the second filter is less than 8 cross-sectional width of an orifice of a nozele of

the supply system.

10, The apparatus of claim 1, wherein at least one of the frst and second filters is made
+ 2
at least in part of tungsten, thanium, molybdenum, nickel, tantalum, or other metal, quartz, glass,
or ceramic material.
11, The apparstus of claim 1, wherein the throngh boles of the set in the second filter arve

sized to bleck at least some of the non-target particles.

12, The apparatos of claim 1, whevein the target material is in a fluid state,

13, The apparatus of claim 1, wherein the second filter is 2 non-sintered and non-mesh

filter,

14, An apparatus comprising:
a veservolr that holds a target mixture that includes g target material and non-target

particles;
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a first filter through which the target mixture is passed, the fivst filter being made of'a
first material;

a second filter through which the target mixture is passed, the seeond filter being made of
a second material that is different from the first material;

a supply systern that receives the target mixture that has passed through the first and
second filters and that supplics the target mixture to the target location;

a radiation source that supplics radiation to the target location to thereby strike the target
mixiure; and

g collection system that captures and divects extreme ultraviolet light generated by the

target roiture strpck by the radiation,

15, Theapparatus of claim 14, wherein the second filter receives the target mixture that
has passed through the first filter,

18, The apparatus of claim 14, wherein the cross-sectional widibs of the through holes of
the first filter set are different from the cross-sectional widths of the through holes of the seeond

filter set,

17, An gpparatus comprising:
a filter comprising:

a plurality of through holes that are fuidly coupled at a first end to a reservoir that
holds a target mixture that includes a target material and non-target particles, and are
fluidly coupled at  second end to an orifice of a nozzle; and

a plurality of openings, gach opening being hetween the first end of the reservoir
and a group of through holes such that the opening fuidly conples the {lrst end of the
resgrvolr to the group of through holes;
wherein each opening has a crass-sectional widih, and each through hole in the group of

through holes has a cross-sectional width that is smaller than the cross-sectional width of the
opening to which the through hole is fluidly coupled, the holes sized to ramove at least some of

the non-target particles from the target mixture.

B
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18, The apparatus of clatm 17, wherein the through holes have a uniform eross-sectional

width along an axial length of the through hale.
19, The apparatus of claim 17, wherein the through holes are a capillary avvay.

20. The apparatus of claim 17, wherein the plurality of openings are defined between a

fivst surtce that faces the reservoir and the set of thiroygh holes.

21, The apparatus of claim 17, wherein the plurality of through holes are defined

betwesn a second surface that faces the nozzie and the plurality of openings.

22. The apparatus of elaim 17, forther comprising:
a radiation source that supplies radiation {o a target focation; and
a supply system that supplies the target mixture to the target location such that a plasma

is formed when g target material within the target mixture is frradiated by the supplied radiation.

23, A filter for use in a target material supply apparatus, the filter comprising:

a sheet having a fivst flat surface and a second opposing flat surface; the first flat surface
being in fHuid communication with a reservoir that holds g target mixture that includes a target
nyaterial and non-target particles; and

a plurality of through holes extending from the second Hatsurface and being fluidly
coupled at the second flat surface to an orifice of a nozzle;

wherzin the sheet has a surface arca that is exposed to the target mixture, the exposed
surface area being at least g factor of one hundred less thay an exposed surface area of a sintered

filter having an equivalent transverse extent to that of the sheet.

24. The filter of claim 23, wherein the exposed surface srea is at least a factor of ten
thousand less than an exposed surface ares of a sintered {ilter having an equivalent transverse

éxtent to that of the shest.
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25, The filter of claim 23, further comprising a plurality of cpenings extending from the
3 -~ " f )

first flat surface, each opening Huidly coupling a group of through holes to the reservelr.

26. The filter of claim 23, wherein a cross-sectional width of each through hole of the

plurality of through holes varies no move than 20% from the cross-sectional widih of each of' the
other through holes of the plurality of through holes and the cross-sectional width of each hole of

the phwality of through holes is less than 2 height of the hole

The Riter of claim 26, wherein a number and the cross-sectional width of the holes of
the plurality are chosen so that a pressure drop acress the filter s negligible after the farget
mixture fills a volume between the filter and the nozzle and the target mixtore fows throngh the

nogzie orifice.

28, A method of filtering, the method comprising:
holding a target mixture that includes a target material and non<target patticles in a
reservolin;

removing, using a first filter, at least some of the non-target partieles of the target
miixture;

removing, using a second filter, at least some of the non-target particles of the target
mixture by exposing a surface area of the second filter to the target mixture, the exposed surface
area being at least a factor of one hundred less than an exposed surface area of a sintered filter
having an equivalent transverse extent 1o that of the seeond filte;

controfling, using g supply system, a flow of the target mixture that passed through the
second filter; and

directing the target mixture passed through the second filter to a target location that
receives an amplified light beam to thereby convert the target material of the target mixture into
a8 plasma state.

29. The method of claim 28, wherein removing at least some of the non~target particles
of the target mixture using the second filler comprises removing at least some of the non-target

particles of the target misture that remain after having passed through the fivst filter.
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30, The method of claim 28, further comprising removing, using the second filter, at
least some non-target particles of the tavget mixfure that were intreduced into the target mixture

by the Hest tilter,
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