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(57) ABSTRACT

An apparatus for supporting a mask comprises a pair of
members. The mask held against each member by a vacuum
arrangement which prevents relative motion between the
mask and members. The members are compliant such that
they accommodate tlatness variations 1n the mask but with-
out deforming the mask.

34 Claims, 4 Drawing Sheets
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MASK FOR CLAMPING APPARATUS, E.G.
FOR A LITHOGRAPHIC APPARATUS

Matter enclosed in heavy brackets [ ] appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a lithographic projection
apparatus comprising;

a radiation system for supplying a projection beam of
radiation;

a first object table for holding a mask;

a second object table for holding a substrate; and

a projection system for imaging an irradiated portion of
the mask onto a target portion of the substrate.

More particularly, the invention relates to a mask table for
use 1n such apparatus.

2. Description of the Related Art

For the sake of simplicity, the projection system may
hereinafter be referred to as the “lens”; however, this term
should be broadly interpreted as encompassing various types
ol projection system, including refractive optics, retlective
optics, catadioptric systems, and charged particle optics, for
example. The radiation system may also include elements
operating according to any of these principles for directing,
shaping or controlling the projection beam of radiation, and
such elements may also be referred to below, collectively or
singularly, as a “lens”. In addition, the first and second
object tables may be referred to as the “mask table” and the
“substrate table”, respectively. Further, the lithographic
apparatus may be of a type having two or more mask tables
and/or two or more substrate tables. In such “multiple table”
devices the additional tables may be used 1n parallel, or pre-
paratory steps may be carried out on one or more stages
while one or more other stages are being used for exposures.
Twin stage lithographic apparatus are described 1n Interna-

tional Patent Applications WO 98/28665 and WO 98/40791,
for example.

Lithographic projection apparatus can be used, for
example, 1n the manufacture of integrated circuits (ICs). In
such a case, the mask (reticle) may contain a circuit pattern
corresponding to an individual layer of the IC, and this pat-
tern can be 1maged onto a target portion (comprising one or
more dies) on a substrate (silicon watfer) which has been
coated with a layer of photosensitive material (resist). In
general, a single water will contain a whole network of adja-
cent target portions which are successively 1rradiated via the
mask, one at a time. In one type of lithographic projection
apparatus, each target portion 1s 1rradiated by exposing the
entire mask pattern onto the target portion at once; such an
apparatus 1s commonly referred to as a water stepper. In an
alternative apparatus—which 1s commonly referred to as a
step-and-scan apparatus—each target portion 1s irradiated
by progressively scanning the mask pattern under the projec-
tion beam 1n a given reference direction (the “scanning”
direction) while synchronously scanning the substrate table
parallel or anti-parallel to this direction; since, 1n general,
the projection system will have a magnification factor M
(generally<1), the speed V at which the substrate table 1s
scanned will be a factor M times that at which the mask table
1s scanned. More information with regard to lithographic
devices are here described can be gleaned from International

Patent Application WO 97/33203.
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In the above apparatus, the mask must be securely held
“clamped”) so that 1t can be accurately positioned inthe x, vy
and z direction and 1n rotational orientation about the x, y
and z axes (referred to as the Rx, Ry and Rz directions). The
7 direction 1s defined as being the direction along an axis
which 1s substantially parallel to the optical axis of the pro-
jection system, and the x and y directions are along axes
which are substantially perpendicular to the z axis and to
cach other. The mask can be subjected to large accelerations
in 1ts plane (the xy plane), particularly in a step-and-scan
apparatus where the acceleration can be around 5 g (where g
1s the gravitational acceleration). In the z direction, the mask
can be positioned with a 100 Hz bandwidth actuator which
requires a relatively high stiffness in the z direction. The
mask clamping arrangement must be suiliciently secure to
withstand such accelerations and also to provide the mask
with the necessary stiffness in the xy plane.

However, previous mask clamping arrangements, such as
a rigid vacuum clamp on the mask table, have the problem
that deformation of the mask can be caused. This can be as a
result of either or both of the mask and the vacuum clamp
not being perfectly flat or because of contaminant particles
being trapped between the mask and the clamp. For
example, the mask may only be flat to within a few um. The
deformation of the mask leads to distortion of the projected
image, and variation 1n distortion between different masks
leads to overlay errors. Some deformation can be corrected
for by adjustment of one or more lens elements 1n the appa-
ratus; however, not all distortion can be corrected in this way
and the deformation i1s generally not reproducible between
different masks.

An object of the present invention 1s to provide an
improved apparatus for holding a mask which avoids or alle-
viates the above problems.

According to the present invention there 1s provided a
lithographic projection apparatus for imaging of a mask pat-
tern 1n a mask onto a substrate provided with a radiation-
sensitive layer, the apparatus comprising:

a radiation system for supplying a projection beam of
radiation;

a first object table for holding a mask;
a second object table for holding a substrate;

a projection system for imaging irradiated portions of the
mask onto target portions of the substrate; wherein:

said mask table comprises at least one compliant member
for holding said mask such that said at least one compliant
member yields to conform substantially to the profile of the
mask.

The use of at least one compliant member enables the
mask to be held, but without unwanted deformation by forc-
ing 1t to adopt a particular shape. The member can yield to
accommodate flatness variations 1n the mask. The member,
preferably a membrane, has a stiflness in the xy plane such
that thermal expansion of the mask can be accommodated by
the flexibility of the member, but without slipping of the
mask with respect to the member. Slipping 1s detrimental to
overlay precision, more so than thermal expansion, because
of 1ts asymmetric occurrence.

By approprniate choice of maternial and thickness of the
member, its stiflness can be determined such that any par-
ticles trapped between the mask and member will preferen-
tially deform the member rather than the mask. This can
reduce detflection of the mask caused by a contaminant par-
ticle by a factor of as much as 10,000 compared to conven-
tional mask clamping arrangements.
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Preferably said at least one member comprises a pair of
parallel strips, each of which 1s supported along 1ts length.
This improves the stifiness of the member against sagging,
and reduces material creep.

Preferably the apparatus comprises a recess in the mem-
ber which can function as a vacuum space for holding the
mask and the member against each other (see for example

FIG. 4). This arrangement 1s both secure and compact.

Preferably the apparatus comprises a plurality of support
points for defining the position of the mask perpendicular to
its plane, that 1s in the z, Rx and Ry directions. The, or each,
member defines the x, y and Rz position of the mask, and
support points define the remaining position of the mask
without distorting it into a particular shape. Three support
points define a plane, so are the minmimum number needed
without over-constraining the position of the mask. A fourth
support point can also be provided to give more stability and
stifiness, but preferably the fourth support point 1s, for
example, a damped gas bearing to eliminate vibrations of the
mask.

Preferably the apparatus further comprises a vacuum
chamber 1n a table supporting said at least one member, for
deforming the member. By bending the member down into
the vacuum chamber a couple will be mtroduced on the
mask supported on the opposite edge of the member which
will compensate against sagging of the mask.

Preferably a gas cushion 1s provided for supporting said at
least one member; such a cushion may be of the order of 10
um thick, for example. The gas (such as air) in the cushion
supports the member, preferably a membrane, whilst allow-
ing flatness vanations. It also damps the member and mask
held thereon against vibrations, whilst still providing
adequate stifiness 1n the z direction. The gas cushion also
improves the thermal conductivity between the supported
mask and the table. This can be important because 1t enables
heat arising from the incidence of radiation on the mask to
be conducted away from the mask.

Preferably the or each member 1s made of one or more
materials selected from metal, silica (810,), CaF,, Mgk,
BaF,, Al,O, and Zerodur® (trademark) ceramic. Most of
these materials can enable the member to be made of the
same material as the mask. This has the advantage that the
mask and member can then have the same mechanical
properties, such as coelficient of thermal expansion, and,
therefore, further reduces distortion and creep.

According to a further aspect of the invention there 1s
provided a method of manufacturing a device using a litho-
graphic projection apparatus comprising;:

a radiation system for supplying a projection beam of
radiation;

a first object table for holding a mask;

a second object table for holding a substrate; and

a projection system for imaging irradiated portions of the
mask onto target portions of the substrate; the method com-
prising the steps of:

providing a mask bearing a pattern to said first object
table;

providing a substrate provided with a radiation-sensitive
layer to said second object table; and

irradiating portions of the mask and imaging said 1rradi-
ated portions of the mask onto said target portions of said
substrate,

characterised by the step of:

holding said mask, during operation, on said mask table
with the aid of at least one compliant member such that said
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at least one compliant member yields to conform substan-
tially to the profile of the mask.

In a manufacturing process using a lithographic projection
apparatus according to the imnvention a pattern in a mask 1s
imaged onto a substrate which 1s at least partially covered by
a layer of energy-sensitive material (resist). Prior to this
imaging step, the substrate may undergo various procedures,
such as priming, resist coating and a soft bake. After
exposure, the substrate may be subjected to other
procedures, such as a post-exposure bake (PEB),
development, a hard brake and measurement/inspection of
the 1imaged features. This array of procedures 1s used as a
basis to pattern an individual layer of a device, e.g. an IC.
Such a patterned layer may then undergo various processes
such as etching, ion-implantation (doping), metallisation,
oxidation, chemo-mechanical polishing, etc., all intended to
fimsh off an individual layer. If several layers are required,
then the whole procedure, or a variant thereof, will have to
be repeated for each new layer. Eventually, an array of
devices will be present on the substrate (wafer). These
devices are then separated from one another by a technique
such as dicing or sawing, whence the individual devices can
be mounted on a carrier, connected to pins, etc. Further
information regarding such processes can be obtained, for
example, from the book “Microchip Fabrication: A Practical
Guide to Semiconductor Processing”’, Third Edition, by

Peter van Zant, McGraw Hill Publishing Co., 1997, ISBN
0-07-067250-4.

Although specific reference may be made 1n this text to
the use of the apparatus according to the mvention in the
manufacture of ICs, it should be explicitly understood that
such an apparatus has many other possible applications. For
example, 1t may be employed in the manufacture of inte-
grated optical systems, guidance and detection patterns for
magnetic domain memories, liquid-crystal display panels,
thin-film magnetic beads, etc. The skilled artisan will appre-
ciate that, 1n the context of such alternative applications, any
use of the terms “‘reticle”, “waler” or “die” 1n this text should
be considered as being replaced by the more general terms

“mask’, “substrate’ and “target portion”, respectively.

BRIEF DESCRIPTION OF THE DRAWINGS

In the present document, the terms 1llumination radiation
and 1llumination beam are used to encompass all types of
clectromagnetic radiation or particle flux, including, but not
limited to, ultraviolet radiation (e.g. with a wavelength of

365, 248, 193, 257 or 126 nm), EUV, X-rays, electrons and
101S.

Embodiments of the mnvention will now be described, by
way ol example only, with reference to the accompanying
drawings 1n which:

FIG. 1 depicts a lithographic projection apparatus accord-
ing to a first embodiment of the invention;

FIGS. 2 and 3 are schematic illustrations of two arrange-
ments for supporting a mask on a mask table using members
according to the invention;

FIG. 4 1s a cross-section of part of a mask, member and
mask table according to the mvention;

FIG. 5 1s a cross-section of part of an apparatus according
to the invention showing a support and vacuum supply for a
member and mask;

FIG. 6 illustrates, 1n cross-section, a damped support
point for use with the present invention; and

FI1G. 7 illustrates, 1n cross-section, an embodiment of the
invention mcorporating a gas cushion beneath the member.
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DETAILED DESCRIPTION OF THE INVENTION

FIG. 1 schematically depicts a lithographic projection
apparatus according to the invention. The apparatus com-
Prises:

a radiation system LA, Ex, IN, CO for supplying a projec-
tion beam PB of radiation;
a {irst object table (mask table) MT for holding a mask MA

(e.g., a mask), and connected to first positioning means
for accurately positioning the mask with respect to item
PL.;

a second object table (substrate table) WT for holding a
substrate W (e.g. a resist-coated silicon water), and con-
nected to second positioning means for accurately posi-
tioning the substrate with respect to 1tem PL;

a projection system (“lens™) PL (e.g. a refractive or catadiop-
tric system, a mirror group or an array of field deflectors)
for imaging an irradiated portion of the mask MA onto a
target portion C (comprising one or more dies) of the
substrate W. As here depicted, the apparatus 1s of a trans-
missive type (1.e. has a transmissive mask). However, 1n
general, 1t may also be of a retlective type, for example.
The radiation system comprises a source LA (e.g. a Hg

lamp, excimer laser, an undulator provided around the path

of an electron beam 1n a storage ring or synchrotron, or an
clectron or ion beam source) which produces a beam of
radiation. This beam 1s caused to traverse various optical
components comprised in the illumination system,—e.g.
beam shaping optics Ex, an integrator IN and a condenser

CO—so that the resultant beam PB has a desired shape and

intensity distribution 1n 1ts cross-section.

The beam PB subsequently intercepts the mask MA
which 1s held on a mask table MT. Having passed through
the mask MA, the beam PB passes through the lens PL,
which focuses the beam PB onto a target portion C of the
substrate W. With the aid of the interferometric displacement
and measuring means IF, the substrate table W'T can be
moved accurately, e.g. so as to position different target por-
tions C 1n the path of the beam PB. Similarly, the first posi-
tioming means can be used to accurately position the mask
MA with respect to the path of the beam PB, e.g. after
mechanical retrieval of the mask MA from a mask library, or
during a scan. In general, movement of the object tables MT,
WT will be realized with the aid of a long stroke module
(course positioning) and a short stroke module (fine
positioning), which are not explicitly depicted in FIG. 1. In
the case of a waler stepper (as opposed to a step-and-scan
apparatus) the mask table may be connected to a short stroke
positioning module only, or 1t may just be fixed. The
depicted apparatus can be used 1n two different modes:

1. In step mode, the mask table MT 1s kept essentially
stationary, and an entire mask image 1s projected at once
(1.e. a single “flash™) onto a target portion C. The substrate
table W 1s then shifted 1n the x and/or y directions so that
a different target portion C can be wrradiated by the beam
PB:;

2. In scan mode, essentially the same scenario applies,
except that a given target portion C 1s not exposed 1n a
single “flash”. Instead, the mask table MT 1s movable 1n a
given reference direction (the so-called “scan direction”,
¢.g. the y direction) with a speed v, so that the projection
beam PB 1s caused to scan over a mask image;
concurrently, the substrate table WT 1s simultaneously
moved 1n the same or opposite direction at a speed V=My,
in which M 1s the magnification of the lens PL (typically,

=1/4 or 1/5). In this manner, a relatively large target por-
tion C can be exposed, without having to compromise on
resolution.
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FIGS. 2 and 3 illustrate two arrangements for supporting a
mask (reticle) 10 on parts 12 of the mask table by means of a
pair ol members 14. In FIG. 2, two opposite edges of the
reticle 10 are supported on portions of the members 14
which are cantilevered from the edges of the opposing parts
12 of the mask table; 1n the case of a transmissive mask, as
here, a space 1s provided between the parts 12, enabling the
projection beam to traverse the mask table. Alternatively, as
shown 1n FIG. 3, the reticle can be supported on a pair of
parallel members 14 which are each supported on parts 12 at
cach of their ends. The arrangement of FIG. 2 1s generally
preferred because the strip-shaped members 14 are sup-
ported on parts 12 along their length 1n the y direction, and
therefore have a higher stifiness to reduce sagging of the
reticle. In case of a reflective mask, 1t 1s preferred to employ
a membrane which supports said reflective mask (almost)
completely. In all cases the members are compliant such that
they vield to the shape of the reticle 10 without deforming 1t
by force to adopt a particular configuration.

In the illustrated embodiments, the members 14 may be
made of the same material as the reticle, such as silica, Cal,,
Mgl ,, BaF,, Al,O; and Zerodur® ceramic, for example.
However, other possibilities are contemplated, such as sup-
porting the reticle on baths of gel, for example, or making
the member (partly) out of metal.

In the case of a quartz (a crystalline form of silica)
member, the member thickness will typically be approxi-
mately 250 um. The length of each member 14 1s preferably
substantially equal to the length of the reticle 10, for
example 100 to 200 mm long. Referring to FIG. 2, the dis-
tance that the long edge of each member 14 1s cantilevered
beyond the respective edge of part 12 1s typically 25 mm in
total. Of this, the distance from the edge of the part 12 to the
edge of the reticle 10 can be approximately 10 mm, for
example, and the width of the overlap of the reticle 10 and
member 14 may be approximately 15 mm, for example.

The members 14 are primarily to support the reticle 1n the
horizontal sense, 1n the x, y and Rz directions. FIG. 4 15 a
schematic cross-section in the xz plane of a portion of the
apparatus of FIG. 2 showing the preferred method of clamp-
ing the reticle 10 to the member 14 by use of a vacuum space
16. In this embodiment, the vacuum space 16 1s formed as a
recess in the member 14. The recess may comprise a rectan-
gular depression 1n the member 14 along substantially 1ts
entire length (perpendicular to the plane of the page) with a
lip around 1ts edge. Spacers, such as one or more rows of
small posts (not shown) can be provided 1n the vacuum space
16 to prevent the vacuum space 16 from collapsing.

By “vacuum” a reduced gas pressure 1s of course meant,
such as 5.5x10"* Pa for example, such that the excess external
pressure provides a normal force holding the reticle 10 and
the member 14 against each other. Relative motion between
the reticle 10 and member 14 1n the xy plane 1s impeded by
the friction between the two components, which 1s increased
by the normal force. The coelficient of friction between the
member and reticle can, of course, be selected by the choice
of material for and/or the roughness of the contact surfaces.

It 1s also contemplated that the normal force between the
reticle 10 and member 14 can be provided by means other
than vacuum space 16, such as mechanical clamping
between a pair of jaws, magnetic clamping and electrostatic
clamping, for example.

FI1G. 4 1llustrates a vacuum chamber 18, which 1s a further
optional feature of the invention. By evacuating the chamber
18, a resultant force 1s applied to the member 14 which tends
to bend 1t down 1nto the chamber 18. This introduces a cor-
responding upward force on the opposite edge of the mem-
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ber 14, on which the reticle 10 1s supported, and which there-
fore reduces sagging of the reticle.

Any other suitable means can be used to hold the member
14 against the part 12, for example, screws or adhesives.

Other arrangements, apart from the vacuum chamber 18,
can be used to result 1n a torsional force being applied to a
reticle 10 via members 14 to compensate for sagging of the
reticle 10. For example, the member can be pre-stressed such
that the free edge stands up slightly. Then, when a reticle 1s
placed on the member, the member bends slightly and exerts
a torsional force on the reticle.

The arrangement of member 14 and reticle 10 described
above 1s suilicient to determine the X, v and Rz position of
the reticle. An arrangement for defining the position of the
reticle 10 1n the z direction 1s 1llustrated 1n FIG. 5. A support
20 1s located on the part 12 (of the mask table) and comprises
a small post, which may be integrally formed with the part
12. In this example, the underside of the member 14 1s 1n
contact with the vertical support 20 and the reticle 10 1s 1n
contact with spacers 22 formed 1n the member 14. In this
way, the vertical position of the underside of the reticle 10 1s
defined at this point. The support 20 can be tubular to enable
a vacuum supply duct 24 to communicate with the vacuum
space 16. This 1s a convemient way of evacuating the vacuum
space 16, and also provides a vacuum force by which the
member 14 and reticle 10 are clamped to the support 20. The
spacers 22 are made such that the vacuum duct 24 can evacu-
ate the entire vacuum space 16. In an alternative
embodiment, the support 20 may pass through an aperture 1n
the member 14 and directly contact the reticle 10.

To define the plane of the reticle 10, a minimum of three
supports 20 must be provided, thereby defining the z posi-
tion of the reticle 10 at at least three points. The weight of the
reticle 10 will almost entirely (e.g. approximately 90%) be
carried by the member 14. However, 1n case the member 14
1s not pre-stressed or 1n case the space between the member
14 and the part 12 1s not pressurized, the said supports will
carry the weight of the mask predominantly. The function of
the reticle supports 20 1s generally to determine the z, Rx and
Ry positioming. The reticle 10 and member 14 are, of course,
free to sag under gravity between the supports 20, however
the sagging 1s reproducible because it 1s determined purely
by gravity acting on the reticle, and 1t produces a torsional
shape which can be substantially corrected by appropnate
lens element adjustment, for example.

Defiming the z position of the reticle at three support
points allows maximum torsional freedom without distor-
tion ol the reticle. Referring to FIG. 2, in one preferred
arrangement two support points are provided under one of
the members 14, one at each end, at or near the corners of the
reticle 10. A third support point 1s provided under the other
member 14, either near i1ts middle, or at one end, near a third
corner of the reticle 10.

According to a further embodiment, a fourth support point
1s provided to give the reticle more stability and stifiness,
and 1n this case one support point can be provided at each
corner of the reticle 10. Four fixed support points would
over-determine the reticle and force it to adopt a particular
shape. Therefore, the fourth support point 1s preferably pro-
vided by means of a fourth support free to move in the z
direction, but biased with a force such that 1t supports
approximately a quarter of the total weight carried by all
four supports, 1.e. the weight of the reticle 10 1s carried sub-
stantially equally between the four support points. An
example of the fourth support is illustrated 1n FIG. 6 and
comprises a pin 26 and gas space 28. The gas provides the
vertical force and also damps the motion, which 1s important
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for eliminating vibration of the member and reticle. To this
end, the gas can also be replaced by a liquid or gel. Other
arrangements, of course, may be used, such as a spring and
damper, for example.

A turther preferred feature of the invention 1s illustrated 1n
FIG. 7. A small space 30 1s provided between the member 14
and the part 12. A gas supply 32 1s connected to the space 30,
which acts as a gas cushion. This compensates against reticle
sag, and improves thermal conduction between the reticle 10
and the part 12. The thickness t of space 30 forming the
cushion 1s approximately 10 um, and, therefore, the gas can-
not move very fast under the member 14; consequently, ver-
tical movement of the member 14 1s damped, and the gas
cushion 1s substantially stifl 1n the z direction. The gas sup-
ply line 32 can be provided coaxially with the vacuum duct
24, preferably along the border of the gas cushion 30. A duct
34 15 provided under the member 14 for outflow of the gas
from the cushion. The gas can also flow out under the reticle

10.

The or each member described above does not, of course,
have to be 1n the form of a strip. In another contemplated
embodiment, four annular members are provided, which
cach encircle a support pin or post. The reticle 1s positioned
in the vertical direction by the four supports, one of which 1s
a gas plunger as shown in FIG. 6. The reticle 1s held 1n the xy
plane by being vacuum clamped to the annular member
around each support.

All mask clamping arrangements described above are
suitable for holding a mask 1n such a way as to avoid exert-
ing a force on the mask suilicient to substantially deform 1it.
Generally, however, masks may be deformed intrinsically
and, consequently, may deviate substantially in shape from a
flat plane; examples of such deviations are wedge-like,
parabolic, saddle-shaped and cork-screw-like deformations,
etc. Such deformations at mask level will generally lead to
undesirable focal plane deviations at wafer level. In a step-
andscan apparatus the position of said mask may generally
be adjustable (in three degrees of freedom: z, Rx, Ry) during
a scan 1n order to minimize or completely remove the said
tocal plane deviations. To this end, one or more actuators—
which are located so as to enable movement of the mask
table and therefore the mask 1n the z, Rx or Ry directions—
are selectively and independently moved. In order to estab-
lish the positional correction needed, a “height map™ of the
mask pattern may be determined. Said height map can be
determined by determining the focal plane form/position at
waler level. Said focal plane form/position can be deter-
mined either using a technique such as “FOCAL” or,
alternatively, one may directly measure the aerial image, e.g.
using a Transmission Image Sensor (TIS). Both methods
will be described below.

FOCAL 1s an acronym for FOcus Calibration by using
AlLignment. It 1s a best-focus measurement technique for
completely determining information about the focal plane
using the alignment system of the lithographic apparatus. A
special, asymmetrically segmented alignment mark 1s
imaged through focus on to a resist-coated water. The posi-
tion of this imaged mark (latent or developed) can be mea-
sured by the said alignment system. Due to the asymmetric
segmentation, the position measured by the alignment sys-
tem will depend on the defocus used during exposure, thus
allowing determination of the best-focus position. By dis-
tributing these marks over the whole 1mage field and using
different orientation for the segmentation, the complete focal
plane for several structure orientations can be measured.
This technique 1s described in more detail in U.S. Pat. No.
5,674,650 (P-0052) which 1s incorporated herein by refer-

CIICC.




US RE41,307 E

9

One or more transmission 1mage sensor(s) (TIS) can be
used to determine the lateral position and best focus position
(1.e. vertical and horizontal position) of the projected 1image
from the mask under the projection lens. A transmission
image sensor (11S) 1s mset into a physical reference surface
associated with the substrate table (WT). In a particular
embodiment, two sensors are mounted on a fiducial plate
mounted to the top surface of the substrate table (WT), at
diagonally opposite positions outside the area covered by the
waler W. The fiducial plate 1s made of a highly stable mate-
rial with a very low coetlicient of thermal expansion, e.g.
Invar, and has a tlat reflective upper surface which may carry
markers used with another fiducial in alignment processes.
The TIS 1s used to determine directly the vertical (and
horizontal) position of the aerial image of the projection
lens. It comprises apertures in the respective surface close
behind which 1s placed a photodetector sensitive to the radia-
tion used for the exposure process. To determine the position
of the focal plane, the projection lens projects into space an
image ol a pattern provided on the mask MA and having
contrasting light and dark regions. The substrate stage is
then scanned horizontally (in one or preferably two
directions) and vertically so that the aperture of the TIS
passes through the space where the aerial image 1s expected
to be. As the TIS aperture passes through the light and dark
portions of the image of the TIS pattern, the output of the
photodetector will fluctuate (a Moire effect). The vertical
level at which the rate of change of amplitude of the photo-
detector output 1s highest indicates the level at which the
image of TIS pattern has the greatest contrast and hence
indicates the plane of optimum focus. The horizontal level at
which the rate of change 1s highest indicates the aerial
image’s lateral position. An example of a TIS of this type 1s
described 1n greater detail in U.S. Pat. No. 4,540,277
Advantages of TIS include robustness and speed because it
1s a direct measurement technique not involving exposure of
a resist.

The above described and illustrated features of embodi-
ments of the invention can be used separately or 1n combina-
tion. The Figures are merely schematic and are not to scale,
and the relative dimensions of elements in each Figure are
not necessarily to scale with each other, and, for example,
the vertical scale 1n the cross-sectional views has been exag-
gerated for clarity.

While specific embodiments of the invention have been
described above, it will be appreciated that the invention
may be practiced otherwise than as described. The descrip-
tion 1s not intended to limit the mnvention.

What is claimed 1s:

1. A lithographic projection apparatus for imaging of a
mask pattern in a mask onto a substrate provided with a
radiation-sensitive layer, the apparatus comprising;:

a radiation system constructed and arranged to supply a
projection beam of radiation;

a first object table for holding a mask having a stiflness;

a second object table for holding a substrate;

a projection system constructed and arranged to image
irradiated portions of the mask onto target portions of
the substrate;

said [mask table] first object table including at least one
compliant member constructed and arranged to hold
said mask such that, when the mask is held by said at
least one compliant member, said at least one compliant
member vields under the weight of the mask to conform
substantially to a profile of the mask, and supports sub-
stantially the entire weight of the mask without a
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support, under a point of contact between the mask and
the compliant member, to support substantially the
entive weight of the mask, wherein a portion of said at
least one compliant member 1s 1n direct contact with
said mask and said portion has a stifiness lower than the
stiffness of the mask.

2. An apparatus according to claim 1, wherein said at least
one member comprises a pair of parallel strips.

3. An apparatus according to claim 2, wherein each strip 1s
supported along 1ts length.

4. An apparatus according to claim 2, wherein each strip 1s
supported substantially at each end across 1ts width.

5. An apparatus according to claim 1, further comprising a
vacuum space constructed and arranged to hold said mask
against said at least one member.

6. An apparatus according to claim 5, wherein said
vacuum space comprises a recess in said at least one mem-
ber.

7. An apparatus according to claim 1, further comprising a
plurality of supports [defining] constructed and arranged to
define a position of said mask perpendicular to 1ts plane.

8. An apparatus according to claim 7, wherein each sup-
port comprises one ol a post and burl.

9. An apparatus according to claim 5, wherein said at least
one [support] member comprises a duct in communication
with said vacuum space, said duct being constructed and
arranged to evacuate said vacuum space.

10. An apparatus according to claim 7, comprising three
supports, wherein said three supports are arranged to support
said mask proximate the middle of one of its sides and proxi-
mate two of its corners, opposite said one of its sides.

11. An apparatus according to claim 7, comprising three
supports, wherein each support 1s arranged to support said
mask proximate a respective one of its corners.

12. An apparatus according to claim 7, comprising four
supports, wherein each support 1s arranged to support said
mask proximate a respective one of its corners.

13. An apparatus according to claim 12, wherein three of
said supports are fixed and a fourth one of said supports 1s
movable perpendicular to the plane of the mask and 1s
arranged to provide a desired supporting force.

14. An apparatus according to claim 13, wherein said
fourth support comprises a spring or gas bearing.

15. An apparatus according to claim 13, wherein said
fourth support 1s damped.

16. An apparatus according to claim 1, wherein said at
least one member 1s arranged to exert a torsional force on
said mask for compensating against gravitational sagging of
said mask.

17. An apparatus according to claim 1, wherein said at
least one compliant member comprises a membrane.

18. An apparatus according to claim 17, further compris-
ing a vacuum chamber 1n a table supporting said at least one
member, said vacuum chamber being constructed and
arranged to deform said member.

19. An apparatus according to claim 17, wherein said at
least one member 1s pre-stressed.

20. An apparatus according to claim 17, wherein said at
least one member 1s made of one or more materials selected
from: metal, silica, CaF,, MgF,, BaF,, Al,O, and Zerodur
ceramic.

21. An apparatus according to claim 1, further comprising
a gas bearing for supporting said at least one member.

22. An apparatus according to claim 1, further comprising
a gas cushion for supporting said at least one member.

23. An apparatus according to claim 22, wherein said gas
cushion has a thickness in the range of from 35 to 20 um.
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24. A method of manufacturing a device comprising:
providing a mask bearing a pattern to a first object table;

providing a substrate provided with a radiation-sensitive
layer to a second object table; [and]

irradiating portions of the mask and imaging irradiated
portions of the mask onto target portions of said sub-
strate; and

holding said mask, during operation, on said {first object
table with the aid of at least one compliant member
such that said at least one compliant member yields
under the weight of the mask to conform substantially
to the profile of the mask and supports substantially the
entive weight of the mask without a support, under a
point of contact between the mask and the compliant

member, to support substantially the entive weight of

the mask, wherein a portion of said at least one compli-
ant member 1s 1n direct contact with said mask and said
portion has a stifiness lower than the stiffness of the
mask.

2
[25. A device manufactured according to the method of

claim 24.]

26. A mask table comprising at least one compliant mem-
ber for holding a mask such that, when the mask is held by
said at least one compliant member, said at least one compli-
ant member vields under the weight of the mask to conform
substantially to the profile of the mask and supports substan-
tially the entive weight of the mask without a support, under
a point of contact between the mask and the compliant
member, to support substantially the entire weight of the
mask, wherein a portion of said at least one compliant mem-
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ber 1s 1n direct contact with said mask and said portion has a
stiffness lower than the stifiness of the mask.

27. An apparatus according to claim 17, wherein the
membrane supports substantially the entire weight of the
mask when the mask is held by said at least one member.

28. A method according to claim 24, wherein said at least
one compliant member is a membrane.

29. A method according to claim 28, wherein the mem-
brane supports substantially the entive weight of the mask

when the mask is held with the aid of said at least one mem-
ber.

30. A method accorvding to claim 24, wherein said at least

one member comprises a pair of parallel strips.
31. A method accovding to claim 24, further comprising a

plurality of supports constructed and arranged to define a
position of said mask perpendicular to its plane.

32. A method accorvding to claim 24, wherein said at least
one member is arranged to exert a torsional force on said
mask for compensating against gravitational sagging of said
mask.

33. A mask table according to claim 26, further compris-
ing a plurality of supports constructed and arranged to
define a position of said mask perpendicular to its plane.

34. A mask table according to claim 26, wherein said at
least one compliant member comprises a membrane.

35. A mask table according to claim 34, wherein the mem-
brane supports substantially the entive weight of the mask
when the mask is held by said at least one member.
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