1 Lithographic Apparatus and Device Manufacturing Method FIELD The present
invention relates to a |lithographic apparatus and a nethod for manufacturing
a device. Specifically, the invention relates to a |ithographic apparatus
conprising an article support nmenber configured to support an article to be
pl aced in a beam path of radiation of said |lithographic apparatus and to a
nmet hod for manufacturing thin |am nated structures, in particular, a nethod
for manufacturing an article support mdnber for a |ithographic apparatus.
BACKGROUND A |ithographic apparatus is a nachine that applies a desired
pattern onto a substrate, usually onto a target portion of the substrate. A
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integrated circuit I nstance, a patterning device, which is
alternatively referred to as a nask or a reticle, may be used to generate a
circuit pattern to be fornmed on an individual |ayer of the IC. This pattern
can be transferred onto a target portion (e.g. conprising part of, one, or
several diespigpm a substrate (e.g. a silicon wafer). Transfer of the pattern
is typically via imaging onto a | ayer of radi ation-senﬁ(ié(sive maj eri.al
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scanning the substrate parallel or anti-parallel to this direction. It is
al so possible to transfer the pattern fromthe patterning device to the

substrate byBFbmg'Mﬁg the pattern onto the substrate. In the |ithographic

apparatus a pecified, an article to be placed in the radiation
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referred to as a mask or a reticle, may be used to generate a circuit pattern to be formed on an
individual layer of the IC. This pattern can be transferred onto a target portion (e.g. comprising part
of, one, or several dies) on a substrate (e.g. a silicon wafer). Transfer of the pattern is typically via
imaging onto a layer of radiation-sensitive material (resist) provided on the substrate. In general, a
single substrate will contain a network of adjacent target portions that are successively patterned.
Known lithographic apparatus include so-called steppers, in which each target portion is irradiated by
exposing an entire pattern onto the target portion at one time, and so-called scanners, in which each
target portion is irradiated by scanning the pattern through a radiation beam in a given direction (the
“scanning”-direction) while synchronously scanning the substrate parallel or anti-parallel to this
direction. It is also possible to transfer the pattern from the patterning device to the substrate by
imprinting the pattern onto the substrate.

In the lithographic apparatus as hereabove specified, an article to be placed in the radiation

beam is held to an article support member, for example, by a clamping electrode, by vacuum suction
or otherwise. Electrostatic clamping may be used for example when a substrate is processed in

vacuum conditions. This type of processing occurs for instance when the type of irradiation used for



2 photolithographic processes is in the (soft) x-ray region, also referred
to as Extrene Utraviolet (EUV) region. Currently such article support
menbers are typically froma variety of rigid materials, for instance a
material known in the art as ULE, Zerodur, Cordierite or Sapphire material,
or other rigid materials, such as ceramic materials or crystalline
materials. These materials are chosen anong others for good nechani cal
stability and heat conductivity and rediced thernmal expansion properties.
Typically, for these materials, a nunber of nechanical and materi al
properties are considered inportant, and where typically one material has a
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the wear characteristics of these materials are such that the economic lifetime of these article supports
is significantly limited in comparison with other materials that are known, such as SiSiC or SiC,
hereinafter indicated as materials of a second group, but which do possess less favourable thermal
characteristics. However, combining a layer of the first material with a layer of a second material is
not straightforward since it would give rise to bimetal-like bending effects when subject to
temperature variations.
Hence, a desire arises to provide a material that combines the best of these characteristics in
one.
In the context of this application, the said "article" may be any of the above mentioned terms
wafer, reticle, mask, or substrate, more specifically terms such as
- a substrate to be processed in manufacturing devices employing lithographic projection
techniques; or
- a lithographic projection mask or mask blank in a lithographic projection apparatus, a mask
handling apparatus such as mask inspection or cleaning apparatus, or a mask manufacturing apparatus

or any other article or optical element that is clamped in the light path of the radiation system.



- a lithographic projection mask or mask blank in a |ithographic projection
apparatus, a mask handling apparatus such as mask inspection or cleaning
apparatus, or a nmask nmanufacturing apparatus or any other article or
optical elenment that is clanped in the light path of the radiation system 3
SUMVARY | n one aspect, it is desirable to provide an article support nenber
that is nore robust and less sensitive to tenperature during the

manuf act uri ng process thereof. In anothe¥ aspect, it is desirable to

provi de an article support nenber that has an inproved wear resistance.
According to an aspect of the invention, there is provided a |ithographic
apparatus according to the features of claim1l. Specifically, according to
the invention, there is provided an article support nmenber configured to
support an aBUMMARYo be placed in a beam path of a radiation beamof a
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schematically the steps for manufacturing an article support nenber

accor di ng t olt oretlienaspeti afithe DEIMAIon ERrOBESORII € aONethod of manufacturing an article

support member, comprising: providing a base plate having a flat surface; providing a burl plate
comprising a plate having a plurality of burls formed to provide a flat top surface; bonding said flat top
surface of said burl plate to said base plate; and removing the plate of the burl plate thus leaving the

burls of the burl plate bonded to the base plate.

BRIEF DESCRIPTION OF THE DRAWINGS

Embodiments of the invention will now be described, by way of example only, with reference
to the accompanying schematic drawings in which corresponding reference symbols indicate
corresponding parts, and in which:

Figure 1 depicts a lithographic apparatus according to an embodiment of the invention; and

Figure 2 shows schematically the steps for manufacturing an article support member

according to the invention.

DETAILED DESCRIPTION




4 Figure 1 schematically depicts a |lithographic apparatus according to one

enbodi nent of the invention. The apparatus conprises: - an illum nation
system (illumnator) IL configured to condition a radiation beamB (e.g. W
radi ation or EUV radiation). - a support structure (e.g. a nmask table) Mr

constructed to support a patterning device (e.g. a mask) MA and connected
to a first positioner PMconfigured to accurately position the patterning
device in accordance with certain parangters; - a substrate table (e.g. a
waf er table) WI constructed to hold a substrate (e.g. a resist-coated

waf er) Wand connected to a second positioner PWconfigured to accurately
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device. The support structure may be a frame or a table, for exanple, which
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The illumination system may include various types of optical components, such as
refractive, reflective, magnetic, electromagnetic, electrostatic or other types of optical components, or
any combination thereof, for directing, shaping, or controlling radiation.

The support structure supports, i.e. bears the weight of, the patterning device. It holds the
patterning device in a manner that depends on the orientation of the patterning device, the design of
the lithographic apparatus, and other conditions, such as for example whether or not the patterning
device is held in a vacuum environment. The support structure can use mechanical, vacuum,
electrostatic or other clamping techniques to hold the patterning device. The support structure may be
a frame or a table, for example, which may be fixed or movable as required. The support structure
may ensure that the patterning device is at a desired position, for example with respect to the
projection system. Any use of the terms “reticle” or “mask” herein may be considered synonymous
with the more general term “patterning device.”

The term “patterning device” used herein should be broadly interpreted as referring to any
device that can be used to impart a radiation beam with a pattern in its cross-section such as to create a
pattern in a target portion of the substrate. It should be noted that the pattern imparted to the radiation

beam may not exactly correspond to the desired pattern in the target portion of the substrate, for



device that can be used to inpart a radiation beamwth a pattern inits
Cross-section such as to create a pattern in a target portion of the
substrate. It should be noted that the pattern inparted to the radiation
beam may not exactly correspond to the desired pattern in the target portion
of the substrate, for 5 exanple if the pattern includes phase-shifting
features or so called assist features. CGenerally, the pattern inparted to
the radiation beamw || correspond to a particular functional layer in a
device being created in the target portion, such as an integrated circuit.
The patterning device may be transm ssive or reflective Exanples of
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As here depicted, the apparatus is of a reflective type (e.g. employing a reflective mask).
Alternatively, the apparatus may be of a transmissive type (e.g. employing a transmissive mask).

The lithographic apparatus may be of a type having two (dual stage) or more substrate
tables (and/or two or more mask tables). In such “multiple stage” machines the additional tables may
be used in parallel, or preparatory steps may be carried out on one or more tables while one or more
other tables are being used for exposure.

The lithographic apparatus may also be of a type wherein at least a portion of the substrate
may be covered by a liquid having a relatively high refractive index, e.g. water, so as to fill a space
between the projection system and the substrate. An immersion liquid may also be applied to other
spaces in the lithographic apparatus, for example, between the mask and the projection system.
Immersion techniques are well known in the art for increasing the numerical aperture of projection

systems. The term “immersion” as used herein does not mean that a structure, such as a substrate,



may be covered by a liquid having a relatively high refractive index, e.g.
water, so as to fill a space between the projection systemand the
substrate. An imersion liquid may al so be applied to other spaces in the

| i t hographi c apparatus, for exanple, between the mask and the projection
system Imrersion techniques are well known in the art for increasing the
nuneri cal aperture of projection systens. The term"inmersion" as used
herein does not nean that a structure, éuch as a substrate, 6 nust be
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The radiation beam B is incident on the patterning device (e.g., mask MA), which is held on

the support structure (e.g., mask table MT), and is patterned by the patterning device. Having
traversed the mask MA, the radiation beam B passes through the projection system PS, which focuses
the beam onto a target portion C of the substrate W. With the aid of the second positioner PW and
position sensor IF2 (e.g. an interferometric device, linear encoder or capacitive sensor), the substrate
table WT can be moved accurately, e.g. so as to position different target portions C in the path of the
radiation beam B. Similarly, the first positioner PM and another position sensor IF1 can be used to
accurately position the mask MA with respect to the path of the radiation beam B, e.g. after
mechanical retrieval from a mask library, or during a scan. In general, movement of the mask table
MT may be realized with the aid of a long-stroke module (coarse positioning) and a short-stroke
module (fine positioning), which form part of the first positioner PM. Similarly, movement of the
substrate table WT may be realized using a long-stroke module and a short-stroke module, which form

part of the second positioner PW. In the case of a stepper (as opposed to a scanner) the mask table MT



table WI can be noved accurately, e.g. so as to position different target
portions Cin the path of the radiation beamB. Simlarly, the first
positi oner PM and anot her position sensor |IF1l can be used to accurately
position the mask MA with respect to the path of the radiati on beam B, e.g.
after nmechanical retrieval froma mask library, or during a scan. In
general, novenent of the mask table MI nmay be realized with the aid of a
| ong- stroke nodul e (coarse positioning)7and a short-stroke nodule (fine
positioning), which formpart of the first positioner PM Simlarly,
novenent of the substrate table WI may be realized using a | ong-stroke
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table MI and the substrate tab are scanned synchronously while a
patter nhmrtq)réamsemftbettareetm@mm(i um%émmgglprs@}leexmur@nto a target portion C

(i.e. S| ”gio‘?n s hg)ﬁpagﬁ 9ab?% MT 8 ey gﬁb&%gﬁ%?l e:scc%}él? %chr%nqblf/lyt he

substrate t |ve mask

(de-) maghild 4 paﬁermlmpaﬂeh torhg eadition beath isprejeeted 61ﬁtb&tta1(g6t mirtiérh€ (6. @jstigld on
system PS. In scan npde, the N$X| mum sj ze of the exposure field limts the
r

width (DRameExPeRie)s Ehanvelaniy and disgotion o1 the sybsisate SblsoW THslativele theymaskdatle M
dynam Cm@xX oG rfrined 3 tRa&iel ifaghBREGIN Mk ihbs reversal characteristics of the projection

system PS. In scan mode, the maximum size of the exposure field limits the width (in the

non-scanning direction) of the target portion in a single dynamic exposure, whereas the length of the
scanning motion determines the height (in the scanning direction) of the target portion.

3. In another mode, the mask table MT is kept essentially stationary holding a programmable
patterning device, and the substrate table WT is moved or scanned while a pattern imparted to the
radiation beam is projected onto a target portion C. In this mode, generally a pulsed radiation source is
employed and the programmable patterning device is updated as required after each movement of the
substrate table WT or in between successive radiation pulses during a scan. This mode of operation
can be readily applied to maskless lithography that utilizes programmable patterning device, such as a
programmable mirror array of a type as referred to above.

Combinations and/or variations on the above described modes of use or entirely different

modes of use may also be employed.



scanning notion determ nes the height (in the scanning direction) of the
target portion. 3. In another node, the nmask table MI is kept essentially
stationary holding a progranmable patterning device, and the substrate
table WI' is noved or scanned while a pattern inparted to the radiation beam
is projected onto a target portion C. In this node, generally a pul sed

radi ati on source is enployed and the progrannable patterning device is
updated as required after each novenent 8of the substrate table WI or in

bet ween successive radiation pul ses during a scan. This node of operation
can be readily applied to maskless |ithography that utilizes programmable
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Speci fi gal hdlcial fetitlee context of this invention, the article supports can
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the relative large spaces in between the protrusions, contaminations possibly present generally do not
form an obstruction for the flatness of the substrate, since these will be lying in between the
protrusions and will not lift the substrate locally.

Figure 2 illustrates schematically the actions for manufacturing a multilayer structure
according to the invention; specifically providing (see fig. A) a base plate 1 having a flat top surface
2; providing a burl plate 3 comprising a plate 4 having a plurality of burls 5 formed to provide a flat
top surface 6; bonding said flat top surface of said burl plate 3 to said base plate 1; and removing (see
fig. B and C) the plate 4 of the burl plate 3 thus leaving the burls 5 of the burl plate 3 bonded to the
base plate 1 (see fig. C and D) and providing a article support member 7. In particular, the article
support member 7 thus configured is able to support an article to be placed in a beam path of a
radiation beam of a lithographic apparatus on said article support 7 and comprises a base plate 1 of a
first material; and a plurality of burls 5 of a second material, bonded to said base plate of said first

material.



forman obstruction for the flatness of the substrate, since these will be
lying in between the protrusions and will not lift the substrate |ocally.
Figure 2 illustrates schematically the actions for manufacturing a
multilayer structure according to the invention; specifically providing
(see fig. A) a base plate 1 having a flat top surface 2; providing a burl
plate 3 conprising a plate 4 having a plurality of burls 5 fornmed to provide
a flat top surface 6; bonding said flat® top surface of said burl plate 3 to
said base plate 1; and renoving (see fig. B and C) the plate 4 of the burl
plate 3 thus leaving the burls 5 of the burl plate 3 bonded to the base
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done by prow din ass powder between t base plate 1 and burl plate 3

and heati ng figure gBalllgqtrgg:g thasthe @lataristte heremonpdfram hcburls 5 by indicating the plate as

a greyed area. This can be done, depending on the materials, by a variety of techniques such as electro
discharge machining, cutting, sanding or grinding or etching the plate to a desired extent. In this way,
the burls 5, thus bonded to the base plate 1, are freed from their base plate and are provided a flat top
surface 9

Figure 2C shows that the remaining bonding layer is removed in the areas 10 between the
burls 5. This may be beneficial when the object support is used in a wet environment and metal zones
should be shielded and reduced to a minimum.

In another aspect of the invention, it can be considered to improve the wear resistance of the
base plate 1 itself, potentially, in combination with burls 5 provided in the base plate, as is
conventionally done, as considered in contrast to the hereabove described invention. In such aspect,
the previous described materials of the first group are materials having a Coefficient of Thermal
Expansion of less then 0.05*E-6 K-1, in particular, these materials comprise Zerodur, ULE and/or
Cordierite; and the previous described materials of the second group are materials having a fracture

toughness (KIC) of more than 1.5 MPa m1/2, in particular, these materials comprise SiSiC and/or SiC.



Figure 2B illustrates that the plate 4 is to be renoved fromthe burls 5 by
indicating the plate as a greyed area. This can be done, depending on the
materials, by a variety of techniques such as electro discharge machining,
cutting, sanding or grinding or etching the plate to a desired extent. In
this way, the burls 5, thus bonded to the base plate 1, are freed from
their base plate and are provided a flat top surface 9 Figure 2C shows that
t he remi ni ng bonding layer is renoved I the areas 10 between the burls 5.
This may be beneficial when the object support is used in a wet environment
and netal zones should be shielded and reduced to a m ninmum In another
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shoul d be understood that the lithographic apparatus described herein nay
have applications, any use of the terms “wafer” or “die” herein may be considered as synonymous with the
more general terms “substrate” or “target portion", respectively. The substrate referred to herein may
be processed, before or after exposure, in for example a track (a tool that typically applies a layer of
resist to a substrate and develops the exposed resist), a metrology tool and/or an inspection tool.
Where applicable, the disclosure herein may be applied to such and other substrate processing tools.
Further, the substrate may be processed more than once, for example in order to create a multi-layer
IC, so that the term substrate used herein may also refer to a substrate that already contains multiple
processed layers.

Although specific reference may have been made above to the use of embodiments of the
invention in the context of optical lithography, it will be appreciated that the invention may be used in
other applications, for example imprint lithography, and where the context allows, is not limited to
optical lithography. In imprint lithography a topography in a patterning device defines the pattern

created on a substrate. The topography of the patterning device may be pressed into a layer of resist

supplied to the substrate whereupon the resist is cured by applying electromagnetic radiation, heat,



ot her applications, such as the manufacture of integrated optical systens,
gui dance and detection patterns for nmagnetic domain nenories, flat-pane

di splays, liquid-crystal displays (LCDs), thin-film magnetic heads, etc.
The skilled artisan will appreciate that, in the context of such alternative
applications, any use of the terns "wafer"” or "die" herein nmay be consi dered
as synonynous with the nore general terns "substrate" or "target portion",
respectively. The substrate referred tollherein may be processed, before or
after exposure, in for exanple a track (a tool that typically applies a

| ayer of resist to a substrate and devel ops the exposed resist), a
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reflective, magnetic, electromagnetic and electrostatic optical conponents.
e descriptions above are intended to be illustrative, not limiting. Thus, it will be apparent

to one skilled in the art that modifications may be made to the invention as described without

departing from the scope of the claims set out below.



Whi | e specific enbodi nents of the invention have been descri bed above, it
wll be appreciated that the invention may be practiced otherw se than as
descri bed. For exanple, the invention may take the formof a conputer
program cont ai ni ng one or nore sequences of machi ne-readabl e instructions
describing a nethod as di scl osed above, or a data storage nedium (e.g.

sem conduct or nenory, nmagnetic or optical disk) having such a conputer
program stored therein. The descriptiong above are intended to be
illustrative, not limting. Thus, it will be apparent to one skilled in the
art that nodifications may be made to the invention as described w thout
departing frgmme scope of the clains set out below 12 CLAIMS | . An
article support nenber configured to support an article to be placed in a
beam path of a radiation beamof a |ithographic apparatus on said article
support; said article support nenber conprising: a base plate of a first
material; a Ce i f f e i : id
base pﬁét e 2#11 zlsne{lagmfl?ﬂ;ogt!tdl%?égrcf)ﬁgdr&Z@ S%r%p artic é%ﬁ%ﬁed%%g@g%@ﬁ i ng

t o cl airmdidtiondeameifia 18bogiahiio atparafitsenisaid articlo$upportysait @kiglandppogt memlari al ; and
wherein sai.d second material is of a wear resistant material. 3. An article
suppor t°MPRB8E: according to claim 1, wherein said first material is one of a
first group wafe pRlk®rhdrs mM@dHattng Coefficient of Thermal Expansion of |ess
then 0.05*E-6 K-1; and wherein said second nmaterial is one of a second
group of nutaglurality ofiuilnof asektortmatenalt banghthtoswid baspplatsfofspiddirstirnaierial. 5 MPa
mL12. 4. An article support nenber according to claim3, wherein said first
group nprises..zer " Cordi.erite: i i cond group
conpri gée?s Si‘%i asét'é%a&%’l%&mg%éiﬁgé&??l?gFoeélglt%{p%g’me%?nrg&n%@?ﬂsgcwéée?@ {r%gosft(?i o claim1l,
wher ei moaaix@arding ratarisl; heheiedein caidaedhnt) amecriapisaif @ weaaresistaatidategall ayer. 6. An
article support nenber according to claimb5, wherein said bonding |ayer is
corrosipon resist

ant . . . . . < .
3 An article support member according to claim 1, wherein said first material is one of a first
group of materials having a Coefficient of Thermal Expansion of less then 0.05*E-6 K'; and wherein
said second material is one of a second group of materials having a fracture toughness (K c) of more

than 1.5 MPam'”?.

4. An article support member according to claim 3, wherein said first group comprises Zerodur,

ULE and Cordierite; and wherein said second group comprises SiSiC and SiC.

5. An article support member according to claim 1, wherein said burls are bonded to said base

plate via a bonding layer.

6. An article support member according to claim 5, wherein said bonding layer is corrosion
resistant.
7. An article support member according to claim 5, wherein said bonding layer is a metal layer

used for spot welding/anodic bonding said burls.

8. A method of manufacturing an article support member, comprising:
- providing a base plate having a flat surface;
- providing a burl plate comprising a plate having a plurality of burls formed to provide a flat top

surface;



7. An article support menmber according to claimb5, wherein said bonding

| ayer is a netal |ayer used for spot wel di ng/anodic bonding said burls. 8.
A nmet hod of manufacturing an article support nenber, conprising: -

provi ding a base plate having a flat surface; providing a burl plate
conprising a plate having a plurality of burls fornmed to provide a flat top
surface; 13 bonding said flat top surface of said burl plate to said base
plate; and renoving the plate of the bul3 plate thus |eaving the burls of
the burl plate bonded to the base plate. 9. Method according to claim8,
wherein said bonding is provided by glass fritting. 10. Method according to

claims8, \Ah%ﬁulag%ﬁumame%ﬂgceloﬁfsﬂacbuﬂ Wemaﬁnﬁge ¥afedi ng the burl plate
using a nmetal coating on said base plate as a bonding |layer. 11. Method

accor di-ng t andlremonifg thaipdateofthe hud platst this leanieg the durle nbithe urd piate banded totbe di ng
t he bur] s. 2. A nethod of increasing a fracture toughness of Corderiete
conprls? % ping Cordierite with LiNb0O3 and/or ZrQ2. 13. A wear resistant
pi ece of Cordierite having fracture toughness of at least 1.5 nmPa m1/2 and
conpri s9.ng aMéthad héoordimy toldldin0s3 whierkirosaidbdddinglid proAided dy glass frittiagit pi ece
according to claim 13, wherein in the volunme fraction of LiNb0O3 and/or ZrQ2
i )

Is at | F&St I\%é%od according to claim 8, wherein said bonding is provided by spot welding the burl plate

using a metal coating on said base plate as a bonding layer.

11.  Method according to claim 9, wherein said metal layer is removed after spot welding the burls.

12. A method of increasing a fracture toughness of Corderiete comprising doping Cordierite with
LiNbO3 and/or ZrO2.

13. A wear resistant piece of Cordierite having fracture toughness of at least

1.5 mPa m1/2 and comprising a fraction of LiNbO3 and/or ZrO2.

14. A wear resistant piece according to claim 13, wherein in the volume fraction of LiNbO3 and/or
ZrO2 is at least 2%.





