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(57) Abstract: A protector for a viewport of a vacuum chamber includes a substrate material that absorbs radiation having a
wavelength of an amplified light beam and radiation 'having a wavelength included in an emission spectra, of a target material that
produces EUV light when ionized by the amplified light beam. The substrate material transmits one or more of visible or near-in-
O frared light. The protector also includes a layer formed on the substrate material, and the layer reflects radiation having the
wavelength of the amplified light beam.
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VIEWPORT PROTECTOR FOR AN EXTREME DLTRAVIOLET LIGHT SOURCE

TECHNICAL FIELD
The dizclosed subject matter velates to a viewport protector for an extreme ultraviolet

5  {(BEUV) light source.

BACKGROUND
Extreme ultvaviolet CEUV™) light, for example, electromagnetic radiation having
wavelengths of avound 50 nm or less (alsp soanetimes referred to as sofl x-rays), and including
10 light at a wavelength of about 13 nm, can be used in photolithography processes to produce
extremely small foatures in substrates, for example, silicon wafers.
dethods to produce EUV light include, but ave not neeessarily limited to, converting a
material into a plasma state that has an element, for example, xenon, lithium, or tin, with an
erission line in the EUV mange. In one such method, often termed laser produced plasma
15 (“LPP™, the required plasma can be produced by irradiating a target material, for example, in the
form of a droplet, stream, or cluster of material, with an amplified liglt beam that can be referred
to as a drive lgser. For this process, the plasma is typically produded in a sealed vessel, for

example, a vacuum chambey, and monitored using various types of metrology equipment.

20 SUMMARY
Th one general aspeet, an assembly includes a protector for a viewport of & vacuum

chamber, The ;ﬁmcctoz includes a substrate material that absorbs radiation having & wavelength

of an amplified light beam and radistion having a wavelength inchuded in an emission spectia of

ey

a target niaterial that produces BUV light when fonized by the amplified light beam. The

B
e

subsirate material transmits ong or more of visible or near-infrared light. The protector also
ticlodes a fayer formed on the substrate matetial, and the layer reflects radiation having the
wavelength of the amplified light beam. The assembly also includes a mount that holds the
protector with the laver facing towards the interior of the vacuum chamber,

Implementations can include ene or more of the following features. The substrate
30 matevial cad be a glass pellicle, The amplified Hght beam can have a wavelength of about 10,6

. The laver can transmit one or more of visible or near- infrared radiation. In some
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implementations, the layer only transmits radiation having g wavelength in a spectral band
hetweers 845 rum and 863 nm, 800 n and 840 mm, or 1050 am and 1090 nm. The mount can
include a holder that veceives and surrounds the protector, and the holder can fitinto an aperture
defined by the viewport, The mount can fiwther inchude g locking elemeant that secures the
protector in the holder. The holder and the locking element can be ring-shaped. The locking
element and the holder can have cotresponding threads, and the locking element can be screwed
into the holder to secure the protector in the holder. At least a portion of the viewpert can be al
{east a portion of the mount. The layer can reflect the radiation having & wavelength included in
an emission spectra of a target material that produces EUY light when tonized by the amplified
light beam. The wavelength included in the emission spectral and the wavelength of the
amplified light beam can be different

In another general aspect; an extreme ultrgviolet (EUV) light source includes a vacuum
chamber that recetves an amplified Hght beam, g viewport coupled to the vacunns chamber, and a
protector coupled to the viewport and facing towards the opening to the interior of the vacuum
chamber. The vacuum chamber ingludes a sidewal] that defines an opening to an interior of the
vacuury chamber. The protecior includes a substrate material that absorbs radistion having »
wavelength of the amplified light beam and 8 wavelength inelinded in an enission spectra of a
target material that produces EUV light when fonized by the amplified light beam, and that
transmits one or more of visible or near-int¥ared light. The protector alse includes & layer
formed on the substrate material. The layer reflects radistion having the wavelength of the
amplified Hght beam.

Implementations can include one or more of the following featuves. The mount can be
configured to couple the protector 1o the viewport, The substrate can be a glass pellicle. The
viewport can inclnde a ring-shaped disk that defines an aperture, and the protector can be
coupled to the viewport by placing the protector in the viewport such that the layer of the
protector faces tosard the interior of the vacuum chamber and a center of the protector
corvesponds with a center of the aperture, The mount can include standard copper gasket

configured for placement between the viewport and the vacuum chamber, The layer can transmit
one or move of visible or near infrared radiation.

In another general aspect, a method of protecting a viewport of an extreme ultraviolet

{EUV) light source includes mounting a protector in a viewport, the protector including a

[ S]
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sibstrate that absorhs radiation in a first spectral band and {ransmits radiation in 4 second

spectral band, and 3 layer on the substrate that reflects mdiation in the first spectral band, with

the viewport including a window msterial and a flange. A gasket is placed between the viewport

aned 7 valve sssembly coupled to an opening defined by a vacuum chamber, and a vacuum seal is
5 created between the viewporl and the intevior of the vacuum chamber.

Implementations can include one or mere of the following features. The first specteal
band can fnclude [0.6 pm. The protector can be placed in a holder in a viewport, and mounting
the protector in the viewport can include placing the holder in the viewport,

n another general gspect, s mount for an extreme ullraviplet (EUVY light source includes

10 aholder that recetves g protecior and is placed in a viewport that is configured to be sealed to a
acuum chamber with a standard gasket, The holder defines a longitudinal axis and includes

The mount also

side wall that defines a passage that is centeved on the longitndinal a
includes a focking element that defines aw aperture snd having an exterior surface that comnects
with an interior surface of the holder, where connecting the locking eloment to the holder secures

15 the protector in the holder with the protector being substantially unobstructed along the
longitudingl axis,

Implementations of any of the technigues described above can include a viewport
assembly, a viewport protector, 8 mount for holding a viewpart protector, a vacuum chamber that
includes a viewport with a viewport protector, an apparstus, a system, a kit for retrofitting an

20 existing viewport with a viewport protector, or a methed. The details of one or more
implementations are set forth in the sccompanying drawings and the description below, Other

features will be apparent from the description and drawings, and fron the clalms.

DRAWING DESCRIPTION
FIG. 1 s a block diagram of a laser produced plasma extreme ultraviolet (EUV) light
25 source.
FIG, 2A is a side view of an éxample vacummn chamber for an EUV light source,
FI, 28 is s side view of the example observation assembly used with the vacuum
chanmber of FIG. 24,

FIG. 2C is g perspective view of an example viewport protector,

3Q FIG. 2D is a eross-sectional view of the observation assembly of FIG, 2B taken along
ling 2D-2D.

W
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FIG. 2E is a cross-sectional view of the vacunm chamber of FIG, 24 {aken along line 2E-

FIG. 3A is an exploded perspective view of an example viewport assambly.

FiG. 3B is a perspective view of the viewport assemibly of FIG. 3A.

FIG, 3C is 2 side view of the viewport assembly of FIGS, 34 and 3B used with a vacoum
chatnber.

FIG. 3D is a top view of the viewport assembly of FIG. 3A.

FIG, 3F is g side cross-sectional view of the viewport assembly of FIG. 3D takey along
line 3D2-313,

FIG. 4A s an exploded perspective view of another example viewpuort assembly.

FIG. 48 is a perspective view of the viswport asserably of FIG, 44,

FIG, 4C is a side view of the viewport assembly of FIGS, 4A and 4B used with a vacaum
chamber,

FIG. 3 is an exanuple process for protecting a viewport.

DESCRIPTION

A protector for preventing or minimizing radiative heating of a viewport of an extreme
ultraviolet (EUV) light source is disclosed. A viewport is an observation mechanism that 1z
positioned relative to an opening defined by a wall of 2 vacuum vessel, and the viewport includes
a window raaterial through which the interior of the vacuoem vessel can be viewed. During
operation of the Hght sowrce, the window material can be radistively heated by light that is inside
of the vacuum vessel, Forexample, the window material can be heated by absorbing some of the
light that is Inside of the vacuum vessel. Heating of' the window material can cause the window
to orack andfor experience thermal lensing,

The protector is positioned relative to the interior of the vacuum chamber such that the
protector reflects Heht capsble of heating the window material back into the vacuum chamber.
Alternatively or additionally, the protector canabsorb some or all of the light that is capaw% of
heating the window material to prevent or reduce the heating of the window material. The light
capable of heating the window material can include light that has a wavelength that is sbsorbed
by the window material. By reflecting the light capable of heating the window material back

into the interior of the vacuum chamber, and/or by absorbing the light capable of heating the



18

15

28

25

WO 2014/074302 PCT/US2013/066239

window material before the light reaches the window material, the protector prevents or
substantially reduces the radiative heating of the window material, The protector can be a glass
pellicle with a coating that reflects light capable of radiatively heating the window material and
the glass pellicle.

EUV light can be produced by converting a target material, such as tin, thal has an
emission lne s the EUV range, into ¢ plasma state. In one example technique, the targst
material is converted into a plasma state by irradiating the target matevial with an aniplified light
beam in a vacuum chamber. Conversion to the plasma state releases radiation in the emission
spectrum of the target material. In addition to EUV light, the emission spectrum can include
deep ultraviolet (DUV) Hght, visible Hight, near infrared (NIR) light, and mid-wavelength
infraved (MWIR) Hght. Further, the interaction between the amplified Hght beam and the target
material scatters and reflects the amplified light beam. The scattered and reflected amplified
light beam is referved to as the incident light. The incident lght also can include light that is
smitted from converted plasma.

In the sbsence of the protector, some of the incident light, particalarly the reflected
amphified light beant and infrared light generated from the plasma emission, can be absorbed by
the window material and, consequently, heat the viewport window material. The heating can
cause thermal gradients on the window material and can lead to cracking and/or thermal lensing,
Cracking of the window material can cavse system failure by destroying the vacuum seal.
Thermal lensing can distort images collected by 8 metrology module that images the interior of
the vacuum chamber through the viewport, Becanse the images from the metrology modules are
used for system iﬁiagmsﬁes, such as steering of the stream of target material droplets, distorted
images can reduce system performance,

As discussed in greater detail below, the protector reduces or eliminates the heating of the
viewport window material, thus improving the performance of the EUV light source.
Furthermore, the protector can also aid in inereasing the amount of EUY light produced hy
allowing the amplified Hght beam {o opevate at a higher duty cycle. An increased duty eye
generates more EUV Hght, but also generates more incident Hght, which can lead to increased
heating of the viewport window material, Thus, the protector also can allow the light source to
produce more EUV light while also reducing the chance of System failure or performance

degradation,

s
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A deseription of the components of an LPP EUY light source will initially be described
before providing a more detailed description of the viewport protector.

Reaferving to FIG. 1, an LPP EUV lght source 100 is formed by irradiating a target
mixture 114 at 2 target location 105 with an amplified light beam 110 that fravels along a beam
path toward the target location 105, The target location 108, which is also referved o as the
irradiation site, is within an interior 107 of a vacuum chamber 130, When the amplified light
heam 110 strikes the target mixture 114, a target material within the target mixture 114 is
converted into g plasroa state that has an element with an emission line in the EUV range. The
created plasma has cevtain characteristivs that depend on the composition of the target material
within the target mixture 114, These characteristics can include the wavelength of the EUV Hght
produced by the plasma and the type and amount of debris released from the plasma,

The Hght source 100 also includes a target material delivery system 125 that delivers,

particles or clusters, solid paﬁici s contained within Hquid droplets or zolid particles contained
within g Hauid stream, The target mixture 114 inchudes the target material such as, for example,
water, tin, lithium, xenon, or any material that, when converted to a plasma state, has an emission
line in the EUV range. Forexample, the element tin can be used as pure tin (Sn}; as a tin
compound, for example, SnBrs, SoBir, Snly; s a tin alloy, for example, tin-galiinm alloys, tin-
indium altloys, tin-indhum-gallinm alloys, or any convbination of these alloys. The target mixture
114 can also include impurities such as non-target particles. Thus, in the situation in which there
are no impurities, the target mixture 114 is made up of only the target material. The target
mixture 114 s delivered by the tavget materal delivery system 1285 into the interior 1047 of the
chamber 130 and to the target location 105,

The light sowrce 100 includes a drive laser system 113 that produces the amplified light
beam 110 due fo & population inversion within the gain medium or mediums of the laser systen
115, The Hght souree 100 includes a beam delivery system between the laser system 115 and the
farget location 103, the beam delivery system including a beam transport system 120 and a focus
assembly 122, The beam transport system 120 receives the amplified light beam 110 fom the
laser system 1135, and steers and modifies the amplified light beam 110 as needed and ontputs the
amplified light beam 110 to the focus assembly 122, The focus assembly 122 receives the

amplified Hght beam 110 and focuses the beam 110 to the target location 13,

I
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In some implementations, the laser system 115 can include one or more optical
amplifiers, lasers, andfor lamps for providing one or more main pulses and, in some cases, one of
more pre-pulses. Each optical amplifier includes a gain medium capable of optically amplifying
the desired wavelength at a high gain, an excitgtion 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 110 due to the population inversion
in the gain media of the laser ampiiﬁﬁm even if there is no laser cavity. Moreover, the laser

svatem 115 can produce an amplified light beam 110 that is 8 coherent laser beam if there is 2

{aser cavity to provide enough feedback to the laser system 115, The term “amplified light

beamn”™ encompasses ong or more oft lght from the laser system 115 that is merely amplified but
not necessarily a coherent laser oscitlation and light from the laser system 115 that is amplified
and is alse a coherent {aser osciliation.

The optical amplifiers in the laser system 115 can include as 8 gain mediom a filling gas
that includes CO; and can amplify light at a wavelength of between about 9100 and about 11000
nny, and in particular, at about 10600 nm, at a gain greater than or equal to 1000, Suitable
amplifiers and lasers for use in the laser system 115 can include a pulsed laser device, for

example, 8 pulsed, gas-discharge €O, laser device producing radiation at about 9300 nm or

about 10600 nm, for example, with C or RF excitation, operating at relatively high power, for
example, 100W or higher and high pulse repetition rate, for example, 50kHz ot more. The
optical amplifiers In the laser system 115 van also include a cooling system such as water that
cay be used when operating the laser systemy 1135 at higher powers.

The light source 100 includes a collector mirvor 135 having an aperture 140 to allow the
amplified light beam 110 to pass through and reach the target location 105, The collector mirror
133 can be, for example, an ellipsoidal mirror that has a primary focus at the target location 103

and a secondary focus at an intermediate location 1435 (also called an intermediate focus) where

the BUV Jight can be cutput from the Hyht source 100 and can be input to, for example, an
{ g

integrated civeuit Hthography tool (not showa). The Hght source 100 can alse include an open-
ended, hollow conical shrond 150 (for example, a gas cone) that tapers toward the target location
105 from the collector mirror 135 to reduce the amount of plasma-generated debyis that enters

the focus assembly 122 and/or the beam transport systern 120 while allowing the amplified light



16

15

20

Pt
w

WO 2014/074302 PCT/US2013/066239

beam 110 to reach the target location 105, For this purpose, 8 gas flow can be provided in the
shroud that is directed toward the target location 103,

The light source 100 can also inciude 2 master controller 155 that is connected to a
droplet position deteetion feedback systent 156, a taser control system 157, and a beam control
system 158, The Hight source 100 can include one or more target or droplet imagsts 160 that
provide an output indicative of the position of a droplet, for example, velative to the targst
location 105 and provide this output to the droplet position defgction feedback systeny 136,
which can, for example, compute a droplel position and trajectory from which a droplet position
grror can be computed either on a droplet by droplet basis or on average, The droplet position
detection feedback svstem 136 thus provides the droplet position error as an input to the masier
controfler 135, The master controller 155 can therefore provide & laser position, divgction, and
timing correction signal, for example, to the laser control system 157 that can be used, for
example, to control the laser timing cirenit and/or to the beam control system 1358 1o control an
amplified light bean position and shaping of the beam franaport system 120 to change the
tocation and/or focal power of the beam focal spot within the chamber 130,

The target material delivery svstent 123 includes a target material delivery control system
126 that is operable v response to a signal from the master controller 155, for example, 1o
modify the release point of'the droplets as released by a delivery mechanism 127 to corvect for
ervors in the droplets artdving at the desived target location 108,

Additionally, the light source 100 can include a light source detector 165 that measuses
one ot more EUV light parameters, including but not Bimited to, pulse energy, encrgy disteibution
a8 a function of wavelength, energy within a particular band of wavelengths, energy outside of a
pariicular band of wavelengths, and angular distribation of EUV intensily and/or average power.

The light source detector 165 generates a foedback signal for use by the master contraller 153,
The feedback signal can be, for example, indicative of the errors in parameters such as the thming
and focus of the laser pulses to properly intercept the droplets in the right place and time for
effective and efficient EUV light praduction.

The light souree 100 can alse include o guide laser 175 that can be used to align various
sections of the light source 100 or'to assist in steering the amplified light beam 110 to the target
location 108, In cr;m&ectien with the guide laser 175, the light source 100 includes a melrology

aystem 124 that is placed within the focus assembly 122 to sample a portion of light from the
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guide laser 175 and the amplified light beam 118, In other implementations, the metrology

ystem 124 is placed within the beam fransport systent 120, The metrology system 124 can
imiude an optical element that samples or re-divects a subset of the Hght, such optical element
being made out of any material that can withstand the powers of the guide laser bean and the
amplified light beam 110, A beam analysis system {s formed frem the metralogy system 124

and the master controller 138 since the master controller 135 analyzes the savopled light from the

guide laser 175 and uses this information to adjust components within the focus assembly 122
threnigh the heam control system 158,

Thus, in summary, the Hight source 100 produces an amplified light beam 110 that is
divected along the beam path to frradiate the target mixture 114 at the target location 105 to
convert the target material within the target mixtore 114 into plasma that emits light in the EUV
vange. The amplified Hight beam 110 aperates at a particular wavelength (that is also referred to
as a source wavelength) that is detenmined based on the design and properties of the laser system
115, Additionally, the amplified Hght beam 110 can be & laser beam when the target material
provides enough feedback back into the laser systemn 118 {o produce coherent laser light or if'the
drive laser system 115 includes suitable optical feedback to form a laser cavity,

FIG, 24 shows a side view of an example vacuom chamber 200, The vacuum chamber

200 can be similar to the vacuum chamber 130 discussed above with respect to FIG, 1, The
vacuum chamber 200 includes a vacuum vessel 205, During use, the vacuum vessel 205 is
acaled such that an bnterior space 210 of the vacuum vessel is maintained as g vacuum,

The interior 210 of the vacwum vessel 205 is monitored and/or observed with an
ohservation assembly 250, The observation gssembly 250 includes a valve assembly 252, a
viewport assenthly 235, and a metrology module 258, The ohservation assembly 250 is mounted
in an opening 209 that passes through the sidewall 208 to form a passage from an exterior of the
vacuum vessel 205 to the interior 210, Diring use, the valve assembly 252 and the viewport
assembly 255 are coupled together and aligned with the metrology mwndule 258 o aliow the
metrology modute 238 to observe the interior 210, The valve assembly 252 includes a gate valve

233 that, when closed, allows the viewport assemnbly 233 to be removed from the valve assembly
252 for replacement or cleaning without disturbing the vacuinm in the interior 210,
FIG. 2B shows a side cross-sectional view of the ohservation assembly 230 coupled to

thae vacuum vessel 205, The observation assembly 238 includes the viewpott assembly 255, The
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observation assembly 250 also can include a holder 260 that holds the viewport assembly 288,
The viewport assembly 235 includes a viewport 256 and a viewpor protectar 254 (FIG. 2C},
The viewport 258 is an observation window that is positioned 1o view the iaterior of the vacuum
vessel 205, The viewport 256 includes a window material 270 (FIG. 2D that is transparent to
wavelengths used for gbservation and/or monitoring, sich as visible and near-infrared light. The
window material 270 can be, for example, PYREX, fused silica, quartz, glass, or sapphire. The
viewport 256 also includes a flange or sleeve 272 that holds the window material 270 and allows
the viewport 25 e coupled 1o a corresponding connection on the valve assembly 252,

FIG, 2C shows a perspective view of the viewport protector 254, The viewport protector
254 includes g layer 362 and a substrate 264. The subsirate 264 can be made of, for example,
borasiticate, glass, or quavtz, The substrate 264 can be a glass pellicle. In use, the viewpori
protector 234 is positioned such that the layer 262 faces towards the interior 210,

As discussed below, the layer 267 reduces or prevents Hght that can cause radiative
heating, such as extreme ultraviclet light, deep ultraviolet light, mid-wavelength infrared light,
and/or long-wavelength infrared light, from reaching the window material 270 and transmits
light, such as visible and near infrared light, that is used to image and/or observe the interior 210
For example, the layer 262 can reflect extreme ultraviolet light, mid-wavelength infrared light,
and/or long-wavelength infraved Hght back into the vacuum vessel 205 and absorb the deep
dtraviolet light,

FIG. 2D shows a cross-sectional view of the observation assembly 230 along the Hne 2D-
2D of FIG, 2B, Asshown in FIG. 2D, the valve assembly 252 defines an aperture 268 that
allows Hght to exit and enter the interior 210 of the vacuwm vessel 205, Coupling the viewpost
protector 254 and the viewport 256 (o the valve assembly 252, and alipning the viewpot
protector 254 and the window material 270 with the aperture 268, provides a clear aperture that
allows ohservation of the interior 210 of the vacuum vessel 205, The viewport protector 2534 acts
tn shisld the window material 270 of the viewport 256 from light that Is capable of radiatively
heating the window material 270,

Referring again to FIG. 2A, the vacuum chamber 200 includes the collector mivwor 133
and the delivery mechanism 127, both of which are discussed above with respect to FIG, 1, The
amplified light beam 110 enters the vacuum vessel 205 and passes through the aperture 140 of

the collector mirvor 135 to reach a target location 212, The amplified light beam 110 irradiates a
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droplet of target material in a stream of droplets 213 that is emitted from the delivery mechanism
127, The amplified light bearn 110 ireadiates a droplet at the target location 212 to produce

emitted Hght 218, The emitted light 218 includes light with wavelengths that correspond fo the

emission lines of the target material, including EUV Hght, The emitted light 218 also can

mclude deep witraviolet (DUV), visible, near infrared (NIR}, mid-wavelength infraved (MWIR),
and/or long-wavelength infrared {(LWIR) Hght. The BEUV light can include hight baving 2
wavelength of, for exaniple, Sam, Snm-20nm, 10nm-120nm, or less than 30nm. The DIV light
can include light having wavelengths between about 1200m-200nm, the visible light can include
light having wavelengths hetween 390nm-750nm, and NIR light can include light having
wavelengths between about 730nm-~-2300nm.

Additionally, when the target material droplet is hrvadiated with the amplified beam of
Hght 116, the droplet scatters and/or reflects the amplified light beam 110 as veflected hight 119
The reflected tight 119 has the same wavelength as the amplified light beam 10, The emitted
light 118 and the reflected light 119 are collectively referred to as the incident light.

Referring alSo to FIGS, 2B and 213, after a droplet i irvadiated, the incident light
propagates radially outward from the target location 212 towards the collector mirror 135 and the
inside walls 217 of the vessel 205, A ray 222 of the incident light reaches the observation
assembly 250, The ray 222 exits the vacuur vessel 205 through the aperture 268 and is incident
on the layer 262, The layer 262 reflects some or all of the radiative heating compenents 223 of
the ray 222 back into the nterlor 210 of the vacuum vessel, The layer 262 transmits the
abservation components 224 that are used by the metrology module 258 to iimage and/or ohserve
the interior 210,

The radiative heating components 223 can include radiation having a wavelength that is
absovbed by the window material 270, For example, the radiative heating components 223 can
include EUV, DUV, MWIR, andfor LWIR light, The observation components 224 can include
visible and/or NIR light.  The layer 262 reflects or absorbs all or substantially all of the radiative
heating components 223 to protect the window material 270 from radiative heating while
transmitting the observation componenta 224, For cxample, the layer 262 can reflect the light
having a wavelength that is the same as the amplified Hght beam while transmiiting light having

wavelengths that corrgspond to visible or NIR light. The layer 262 also can absorb DUV light to
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minimize the amount of DUY light incident on the window material 270 or to prevent DUV light
from reaching the window material 270.

The light transmitted by the layer 362 {he ohservation components 224} enters the
substrate 264, Depending on the spectral characteristics of the substrate 264, all or some of the
light in the observation components 224 is transmitied to the window material 270 of the
viewport 256, The window material 270 is thermally conductive and can develop thermal
gradients when exposed to a high heat load and/or a variable heat load.

For example, the window material 270 (and other components in and coupled to the
vacuwn vessel 205} can experience variable and/or and high heat loads when a pulsed laser is
used as the amplified light beam 110, In some implementations, the amplified Hight beam 11 s
a pulsed £, laser beam with a daty cvele of 10%, 50%, or 60%, meaning that the Jaser beam
110 {s present in the vacuum chamber 205 10%, 50%, or 60% of the time, respectively. In other
examples, the pulsed CO; beam can have a duty cycle of 80-100%, such that the laser beam 110
is present in the vacuum chamber during at least 90% of system eperation. In another example,
the arplified light beam 110 can be a 30 kW laser that vesults in about 15 kW of incident light in
the vacuum vessel 203,

Thus, components in and coupled to the vacuum vessel 205 can experience a variable
amrount of radiative heating depending on the duty eycle of the amplified lHght beam 110, with
higher amounts of heat oad (and more thermal stress on components) cotresponding to higher
duty cycles. However, because the amount of EUV light increases as the duty oycle of the laser
heam 110 increases, increasing the duty eyele can be desivable. The additional heating cansed
when the duty eycle of the laser beam 118 s greater than about 50% can cause the window
material 270 to crack (destroying the vacoum seal on the vesset 205) and/or experience thernal
lensing (distorting images generated by the metrology module 2383, As discussed above, the

ewport protector 254 can reducs or eliminate the radiative heating of the window material 270

5 o
b

As such, placing the viewport protector 254 betwesn the viewport 256 and the interior 210 of the

o,

vacuum vessel 208 can allow the systeny o opergte more efficiently and re—:sliabiy at a higher duty
cyele, thus increasing the amount of BUV light that can be reliably and safely generated for the
sganner system.

The transmission, shsorption, and reflection properties of the layer 262 can be varied to

suit the application, For example, the viewport protector 254 can be used with a metrology

st
o



10

15

[
o

30

WO 2014/074302 PCT/US2013/066239

module that includes g camers (not shown) that senses 820 nm light generated by a line laser
madule (not shown), The line laser module creates 2 Heht curtain in the interior 210 of the
vacuum chamber in the expecied path of the target material droplets, and the tight curtain is
disturbed when @ target waterial droplet passes through the light curtain, By imaging the light
cortain, the camera produces data that can be used to determine whether the target material
droplets are positioned acourately with respect to the amplified light beam 110, Inthis example,
the layar 262 only transmits light haviog a wavelength that is equal to or near the wavelength
that the camera senses. The lgyer 262 can transmit Hght having wavelsngths of about 800-840
nm, while reflecting light (such as the 10.6 gm of the amplified beam of Hight) that causes
racdiative heating and reflecting or absorbing light of other wavelengths that are not used by the
camera or that could also canse radiative heating.

In another implementation, the viewport protector 254 can be used with the metrology
modile 258 when the metrology module 238 includes a camera that is sensitive to Hght having a
wavelength of 1070 nm. In this example, the metrology module 258 includes a fiber laser {not
showa) produces a light ourtain at 1070 nm. The light curtain is positioned in the expeeted path
of the target material droplets. By sensing light at 1070nm, the metrology module 258 can
produce data that shows the presence and location of target material droplets. o this
implementation, the layer 262 transmits light that has a wavelength that is equal or near the
wavelength sensed by the camera. For example, the layer 262 can transmit light having
wavelengths of 1030-1090 nm,

The viewport profector 254 can be used with any metrology module. The layer 262 can

and to reflect and/or absorb lght that causes radistive heating of the substrate 264 and the
vigwport window material 270, For example, the laver 262 can travsnut light having
wavelengths of 855-875 mm,

In the example discussed in FIGS, 2A-20, 5 single metrology module 258 is shown as
being coupled to the vacuum vessel 205, However, multiple metrology modules can be coupled
to the vacuum vessel 205, FIG. 2 shows a cross-sectiopal view of the vacuum vessel 205 of
FIG. 2A taken along line 2E-2E. In addition to the metrology module 238, metrology modules
280, 282, 284, and 286 are also coupled to the vacuum vessel 205 and positioned to observe

and/or monitor the interior 210, The metrology modules 258, 280, 282, 284, and 286 can have

13
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the same or different fanctions, Each of the metrology modules 280, 282, 284, and 286 is
coupled to the vacnum vessel with a valve assembly similar to the valve assembly 253, and each
of the module 282, 284, and 286 can have a vigwpott protector 254, The layer in any
inddividual viewport protector reflects, absorbs, and transmits wavelengths as sppropuigte for the
function of the particolar metrology moduie.

- In the sxample of FIGS, 2A-2E, the viewport protector 254 is included in the viewport
assembly 255, However, the viewport protector 234 can be used with any viewport assembly
that can hold the viewport protector 254 with the layer 262 facing towards the interior of the

racuum vessel and away from the viewport window material 270, such as the viewport
assemblies 300 and 400 discossed below,

FIGS, 3A, 3B, 3D, and 3E show varicus views of another example viewport assembly
300. FIG. 3A shows an exploded perspeetive view of the viewport assembly 300, FIG. 3B
shows a perspective view of the viewport assembly 300, FIG. 3D shows g top view of'the
viewport assembly 300, and FIG, 3E shows g side cross-section of the assembled vigwport
assembly 300, FIG, 3C shows the viewport assembly 300 coupled to the vacuum vessel 205 and
the metrology module 258,

Referring to FIGL 34, the viewport assembly 300 inclodes a viewport 305, a holder 310, &
viewpat protector 313, and a locking element 320, The viewport 305 includes a flange 306 that
defines an aperture 307 that is covered by a window material 308, The window material 308 is
transparent to lght that is ased to observe an interior of 2 vacuum chamber. For example, the
window material 307 can be PYREX, fused silica, quartz, glass, or sapphire.

The viewport assembly 300 also includes the holder 310, which can be a ring-shaped
holder that defines an aperture 311, The viewport assembly 300 also includes a viewport
protector 315, The viewport protector 315 includes g layer 316 and a subsivate 317, The
viewport protector 315 can be the same as, or similar {6, the viewport protector 2534 discussed
with vespect to FIGS. 2A-2E. The viewport assembly 300 also includes the tocking element 320.
The locking element 320 has an outer surface 321 and an inner surface 322,

Referring to FIG. 38, a perspective view of the viewport assembly 300 ts shown. To
construct the viewport assembly 300, the holder 310 is received in the aperture 307 of the
viewpart 305, and the aperture 3171 of the holder 310 recetves the viewport profecior 313, The

tocking element 320 fits into the aperture 311 of the holder 310 above the viewport protector
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315, with the outer surface 321 of the lncking clement 320 in contacts with an inner surface 312
of the holder 310 to secure the viewport protector 315 in the holder 310, The locking element
320 can have threads on the onter surface 321 that mate with threads 313 formed on the inper

surface 312 of the holder 310, The viewport protector 315 {s positioned with the layer 316
facing towards & top side 323 of the viewport assembly 300,

Referving to FIG. 3C, the viewport assembly 300 is connected o the valve assembly 252
by @ gasket 330, When the viewport asserably 300 is coupled to a vacuum vessel, the top side
325 is positioned so that the fayer 216 faces toward the interior of the vacuun vessel 203,
Orienting the laver 314 in this manner protects the window material 308 (FIG. 3A) from
radiative hegting. The metrology module 258 s connected to the viewport assembly 300 with g
monnting bracket 335,

In some implementations, the gasi‘et 330 s a standard copper gasket, and the viewport
assembly 300 can be sealed to a valve assenbly (such as the valve assembly 232} with a standard
copper gasket such as are available from MDC Vacuum Prodacts LLC of California, The use of
a standard copper gasket jnstead of a custom pasket results in the viewport assembly 300 baving
a larger clear apertine through which to view the interior of a vacuum vessel. A larger clear
aperture allows more light from the vacuum vessel 1o reach the metrology moduls, and can result
in improved monitoring snd imaging of the interior of the vacuum vessel, Fuorther, because the
sealing gasket is typically a consnmable tem that is replaced each time the viewport assembly
300 is rensoved from the valve assembly 252, using a standard gasket can also result in a lower
gost viewport assembly 300

Referring to FIG. 313, atop view of the viewpor! asserably 300 is shown, The locking
element 320 is the only component placed on top of the viewport protector 315, and & ring-
shaped gasket {not shown) that defines an aperture is placed beneath the viewport protector 315
{0 seal the viewport assembly 300, Because the viewport protector 315 is received in the holder
310 and secured in the holder 310 with the locking element 320, only a circumferential edge 318
of the viewpoit pratector 315 is obscured by other components of the viewport assembly 300,
Thus, the viewport assembly 300 defines a clear aperture 340 through which an interior of a
vacuant vessel can be observed. The mounting bracket 335 that holds the viewport assembly
300 to the metrology module 258 defines an aperture (not shown) that has a diameter at least as

large as the diameter of the clear aperture 340,
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FIG, 3E shows a side cross-sectional view of the viewport assembly 300, As shown,
when assembled, the components of the viewport assembly 300 {it within the flange 306 of' the
viewport 305, Thuss the viewport protector 318 can be placed in the viewport assembly 300 and
11t to an existing viewport on 8 vacirun vessel with a standard copper gasket for sealing,

Referring to FIG. 44, an exploded perspective view of another example viewport
assembly 400 is shown, FIG. 4B shows a perspective view of the viewport assembly 400, FIG.
4C shows the viewport assembly 400 coupled t the vacuum vessel 205 and the metrology
module 238, As comparad to the vievport assanbly 300, the viewport assenbly 400 uses a

ustom zasket and does not include a locking element o a separate holder for the viewport
proteator 315,

Referring to FIG, 44, the viewport assembly 400 inchudas a viewport 403, a viewport
protestor 410, and gasket 415, The viewport 408 includes a flange 406 that defines an aperiure
407 that is covered by a window material 408, The window material 408 is transparent to light
that is used o observe an interior of a vacuum chamber. For example, the window material 408
can be PYREX, fused silica, quarts, glass, or sapphire. The flange 406 also defines connestion
holes 409,

The viewport protector 410 includes a layer 411 and a substrate 412, The viewpot
protector 410 can be the same as, or similar to, the viewport protector 234 discussed with respect
to FIGS. ZA-2E. The gasket 415 defines an aperture 416 and connection holes 417,

FIG. 48 shows a perspective view of the viewport assensbly 400, To construct the

ssembly 400, the viewport protector 415 i received in the aperture 407, The gasket 415 is
placed over the viewport protecior 410 and onto the flange 406, The gasket 415 holds to
viewport protector 410 in the flange 406 and seals the viewpott assembly 400 1o the valve
assembly 252, Thus, the viewport assaimbly 400 does not include a separate holder to secure the
viewport protector 410 to the viewport 405, The connection holes 417 of the gasket 415 are
connected to connection holes 409 with screws or other fasteners.

Refening to FIG. 4C, the viewport assembly 400 {s connected to the valve assembly 252
by eonnecting the gasket 415 to the valve assembly 252, When the viewport sssembly 400 is
coupled to the valve assembly 252, the viewport asserubly is positioned so that the layer 411

faces toward the Interior of the vacuum vessel 205, Orenting the laver 411 in this manner

i



[o 3]

10

15

20

25

30

WO 2014/074302 PCT/US2013/066239

protects the window material 408 from radiative heating. The metrology module 258 is
connected to the viewport assembly 400 with a mounting bracket 420,

FIG. 5 shows an example process SO0 for protecting a viewport of an extreme ultraviolet
{EUV) light source. The process 500 can be performed with any of the viewport protectors 454,
315, and 413, and with any of the viewport assemblies 255, 30Q, and 400,

A prosector is mounted in a viewport (305). The protector can be any of the viewpott
protectors 454, 315, and 410, The protector includes a substrate that absorbs radiation in a first
spectral band and transmits radiation a second spectral band, The protector also includes a layer
that reflects radiation in the first spectval band, In the absence of the layer, the substrate absorbs
radiation in the first spectval band, which can cause the subsirate to heat, leading to cracking or
thermal lensing. The layer veflects radiation in the first spectral band. Thas, when the layer is
posittoned betyween the source of the radiation and the substrate, the layer protects the substrate
from heating by reflecting radiation in the first spectral band away from the substrate such that
the radiation is not absorbed by the substrate. Fusther, the substrate and the layer can transmit
lght having wavelengths in the visible and near infraved (NIR) spectral regions.

For example, the substrate can absorb light having a wavelength that is the same as the
wavelength of the amplified light beam 110, and the layer can reflect this radiation to protect the
substrate. Thus, the protector in this example reflects light having a wavelength that is the same
as the wavelength of the amplified light beam 110 and wansmits light having wavelengths that

gorrespond {o visihle or NIR light. By doing so, the protector sliows observation through the
viewpori while also protecting the viewport from thermal damage.

In another example, the substrate can also absorb (and be heated by) some of the light
that is created when a target material droplet is converted to plasma, such gs DUV Light, BEUY
light, and other ultraviolet light. In this example, the layer is configured to absorb DUV ligh
and to reflect EUV and other ulteaviolet Hght to protect the substrate from being heated by
absorbing radiation with these wavelengths.

The viewport can be any of the viewports 2536, 303, and 405, In some implementations,
the first spectral band includes 10.6 pm. In some implementations mounting the protector in the
viewpaort includes first mounting the protector in a holder (such as the holder 310 of FIG, 3A),

and then mounting the holder with the protector into an aperture defined by the viewport,
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A gasket is placed between the viewport and a valve assembly that is coupled to an
opening defined by a vacuum chamber (310). The valve assembly can be the valve assembly
252, The gasket can be a standard copper gasket, or any other gasket used to seal a viewport te g
valve assembly. The gasket can be a custon gasket such as the gasket 415 discussed with
vespect to FIGR, 4A-40. A vacuum seal ix created between the viewport and an intexior of the
vacuum chamber {515},

Other implementations are within the scope of the following claims. For cxample, the
viewpott protector 254, 315, and 415 and the various apertures in the viewport assemblies 233,
300, and 400 are ilustrated as having a civeular shape. However, these items can have other
shiapes. The layers 262, 316, and 411 can protect the window material of the viewporl by
reflecting and/or absorbing radiation that is capable of' heating the window material of the
viewport such that the radistion that is capable of heating the window materlal is not incident on

the window matarial,
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WHAT IS CLAIMED IS

L An assembly comprising:
a protector for a viewport of @ vacuum chamber, the protector comprising:

# substrate material that sbsorbs radiation having g wavelength of an amplified
light besm and radiation having a wavelength included in an emission spectea of a target material
that produces EUV light when jonized hy the splified light beam, and that transmits one or
more of visible o neav-infraved hight, and

a layer formed on the substrate material, wherein the layer reflects radiation
having the wavelength of the amplified light beam; and

& mount that holds the protector with the layver facing towards the interior of the vacuum

chamber,

2, The sssembly of claim 1, wherein the substrate material comprises a glass pellicle.

3. The assembly of claim 1, wherein the amplified light beam has a wavelength of about
1.6 pm.

4, The assembly of claim 1, wherain the layer transmits one ov more of visible or near-

infraved vadiation,

£

The assembly of claim 4, wherein the layer enly transmits radiation having a wavelength

from $43 nm 1o 865 um,

6. The assembly of claim 4, wherein the layer only transmits radiation having a wavelength

from 80G nm to 840 nm,

7. The assembly of claim 4, wherein the layer only transmits radiation having & wavelength

fromy 1050 nin 1o 1090 nm,

is
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8. The assembly of claim 1, wherein the mount comprises a holder that receives and

surrounds the protector, and the holder fits into an gperture defined by the viewpert.

& The assembly of claim 8, wherein the mount further comprises a locking elenent that

secures the protector in the holder,

10, The assembly of claim &, wherein the holder and the locking slement are ring-shaped.

iL

corresponding threads, and the locking element is screwed into the holder to sequre the protector

e

The assembly of claim 10, wherein the locking element and the holder have

in the holder.
{2, The assembly of ¢laim 1, wherein at least a portion of the viewport is at least & portion of

the mount,
13, The assembly of claim {, wherein the fayer reflects the radiation having a wavelength
included in an emission spectra of a target material that produces EUV light when fonized by the

amplified Hight beam.

14, The assembly of claim 13, wherein the wavelength included inthe emission spectral and

and the wavelength of the amplified light beam are different,

15, An extreme ultraviolet (EUV) light source comprising:
a vacuum chamber that receives an amplified light beam, the vacuum chamber
corpprising a side wall that defines an openiug to an interior of the vaonum chamber;
a viswport coupled o the vacuum chamber; and
a protector coupled to the viewport and facing towards the opening to the interlor of the
vaguum chamber, the protector comprising:
a substrate material that ahsorbs radiation having a wavelength of the amplified

{ight bean and a wavelength included in an emission spectra of a target material that produces
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FLIV light when ionized by the amplified light beam, and that transmits ong or more of visibie o
near-infraved Hght, and
a layer formed on the substrate material, wherein the layer reflects radiation

having the wavelength of the amplified light beam,

{6, The light source of claim 15, further comprising & mount configured to couple the
protector to the vigwport,

t7. The Hght source of claim 15, wherein the substrate comprises g glass pellicle,

18, The Hght source of claim 15, wherein the vigwport comprises g ring-shaped disk that
defines an aperture, and the protector is coupled to the viewport by placing the protector in the
viewport such that the layer of the protector faces toward the interior of the vacuum chamber and

a center of the protector corresponds with a center of the aperture,

19, The light source of claim 18, further comprising a standard copper gasket configured for

placerment between the viewport and the vacuum chamber,

20, The light sowrce of claim 18, wherein the layer transmits ong or more of visible or near

infrared radiation.

21, A method of protecting a viewport of an extreme nltraviolet (EUV) hight source, the
method conmprising

mounting a protector in a viewport, the protector comprising a substrate that absorbs
radiation v & first spectral band and transmits radiation in a second speotral band, ant a layer on
the substrate that reflects radiation in the first spectral band, and the viewport comprising a
window material and a fange;

placing a gasket between the viewport and a valve assembly coupled {o an opening
defined by a vacuum chamber; and

creating a vacunm seal between the viewport and the interlor of the vacuum chamber,
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2. The method of claim 21, wherein the frst spectral band comprises 10.6 pm,

23, The method of claim 21, further comprising placing the protector in a holder ina
viewpert, and wherein mounting the protector in the viewport comprises placing the holder in the

viewpor,

24, A mount for an extreme ultraviolet (EUV) Hight source, the mount comprising:

a holder that recelves a protector and is placed in a viewport that is configured to be
sealed to a vacuum chamber with a standard gasket, the bolder defining a longitudinal axis and
comprising a side wall that defines a passags that s centered on the longitudinal axis; and

a locking element defining an aperture and having an exterior surface that connects with
an interior surface of the helder, wherein

connecting the locking element 1o the holder secures the protector in the holder with the

protector being substantially unobstructed along the longitudinal axis,

B
|
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coupled to an opening defined by g
a vacuum chamber

Creale a vacuum seal belween
the viewport and the vacuum )
chamber
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