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Description
FIELD
[0001] The present invention relates to a method of

manufacturing a membrane assembly for EUV lithogra-
phy, a membrane assembly, a lithographic apparatus,
and a device manufacturing method.

BACKGROUND

[0002] A lithographic apparatus is a machine that ap-
plies a desired pattern onto a substrate, usually onto a
target portion of the substrate. A lithographic apparatus
can be used, for example, in the manufacture of integrat-
ed circuits (ICs). In that instance, a patterning device,
which is alternatively referred to as a mask or a reticle,
may be used to generate a circuit pattern to be formed
on anindividual layer of the IC. This pattern can be trans-
ferred 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 viaimaging 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.

[0003] Lithography is widely recognized as one of the
key steps in the manufacture of ICs and other devices
and/or structures. However, as the dimensions of fea-
tures made using lithography become smaller, lithogra-
phy is becoming a more critical factor for enabling mini-
ature IC or other devices and/or structures to be manu-
factured.

[0004] A theoretical estimate of the limits of pattern
printing can be given by the Rayleigh criterion for reso-
lution as shown in equation (1):

CD =k, *L
NA

(1)

where A is the wavelength of the radiation used, NA is
the numerical aperture of the projection system used to
print the pattern, k4 is a process-dependent adjustment
factor, also called the Rayleigh constant, and CD is the
feature size (or critical dimension) of the printed feature.
It follows from equation (1) that reduction of the minimum
printable size of features can be obtained in three ways:
by shortening the exposure wavelength A, by increasing
the numerical aperture NA or by decreasing the value of
Ky.

[0005] In order to shorten the exposure wavelength
and, thus, reduce the minimum printable size, it has been
proposed to use an extreme ultraviolet (EUV) radiation
source. EUV radiation is electromagnetic radiation hav-
ing a wavelength within the range of 10-20 nm, for ex-
ample within the range of 13-14 nm. It has further been
proposed that EUV radiation with a wavelength of less
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than 10 nm could be used, for example within the range
of 5-10 nm such as 6.7 nm or 6.8 nm. Such radiation is
termed extreme ultraviolet radiation or soft x-ray radia-
tion. Possible sources include, for example, laser-pro-
duced plasma sources, discharge plasma sources, or
sources based on synchrotron radiation provided by an
electron storage ring.

[0006] A lithographic apparatus includes a patterning
device (e.g., a mask or a reticle). Radiation is provided
through or reflected off the patterning device to form an
image on a substrate. A membrane assembly may be
provided to protect the patterning device from airborne
particles and other forms of contamination. The mem-
brane assembly for protecting the patterning device may
be called a pellicle. Contamination on the surface of the
patterning device can cause manufacturing defects on
the substrate. The membrane assembly may comprise
a border and a membrane stretched across the border.
Itis difficult to manufacture the membrane assembly with-
out the membrane assembly being deformed in the proc-
ess, for example because of the thinness of the mem-
brane.

[0007] Itis also difficult to manufacture the membrane
assembly without the membrane assembly being dam-
aged or contaminated in the process. For example, the
membrane may be undesirably oxidized or have unwant-
ed contaminant particles deposited on the membrane
during the process of manufacturing the membrane as-
sembly.

[0008] Methods for manufacturing a pellicle for EUV
lithography are disclosed in US2014/370423 A1,
US6623893 B1, US2015/277230 A1.

[0009] Itis desirable to reduce the possibility of a mem-
brane assembly such as a pellicle being deformed, dam-
aged or contaminated during its manufacture.

SUMMARY OF THE INVENTION

[0010] According to an aspect of the invention, there
is provided a method of manufacturing a membrane as-
sembly for EUV lithography, comprising: providing a
stack comprising a planar substrate and at least one
membrane layer, wherein the planar substrate comprises
an inner region, a border region around the inner region,
a bridge region around the border region and an edge
region around the bridge region; selectively removing the
inner region and a first portion of the bridge region to
provide a membrane assembly comprising: a membrane
formed from the at least one membrane layer; a border
holding the membrane, the border formed from the bor-
der region of the planar substrate; an edge section
around the border, the edge section formed from the edge
region of the planar substrate; and a bridge between the
border and the edge section, the bridge formed from the
at least one membrane layer and a second portion of the
bridge region of the planar substrate; and separating the
edge section from the border by cutting or breaking the
bridge to provide a membrane assembly stripped of the
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edge section.

[0011] According to an aspect of the invention, there
is provided a method of manufacturing a membrane as-
sembly for EUV lithography, comprising: providing a
stack comprising a planar substrate and at least one
membrane layer, wherein the planar substrate comprises
an inner region, a border region around the inner region,
a bridge region around the border region and an edge
region around the border region; applying a first protec-
tion layer over at least a top surface of the stack, such
that the at least one membrane layer is between the first
protection layer and the planar substrate, and over side
surfaces of the stack; applying a first removal process to
the stack and first protection layer to selectively remove
at least a portion of the bridge region of the planar sub-
strate, thereby thinning or removing an integral connec-
tion between the border region and the edge region of
the planar substrate, the first protection layer being re-
sistant to the first removal process; removing an edge
section formed from the edge region of the planar sub-
strate and removing und layers formed on the edge re-
gion; applying a second protection layer over atleast side
surfaces of the substrate assembly after removal of the
edge region; applying a second removal process to se-
lectively remove the inner region, the second protection
layer being resistant to the second removal process, to
provide a membrane assembly stripped of the edge sec-
tion, which membrane assembly comprises: a mem-
brane formed from the at least one membrane layer; and
a border holding the membrane, the border formed from
the border region of the planar substrate.

[0012] According to an aspect of the invention, there
is provided a method of manufacturing a membrane as-
sembly for EUV lithography, comprising: providing a
stack comprising a planar substrate, at least one mem-
brane layer and a protection layer, the at least one mem-
brane layer being between the protection layer and the
planar substrate, wherein the planar substrate comprises
an inner region, a border region around the inner region,
a bridge region around the border region and an edge
region around the bridge region; using a removal process
to selectively remove the inner region and at least a por-
tion of the bridge region, thereby thinning or removing an
integral connection between the border region and the
edge region of the planar substrate, the protection layer
being resistant to the removal process; and separating
an edge section formed from the edge region of the planar
substrate and separating layers formed on the edge re-
gion from the substrate assembly and, subsequently, re-
moving the protection layer, to provide a membrane as-
sembly stripped of the edge section, which membrane
assembly comprises:

a membrane formed from the at least one membrane
layer; and a border holding the membrane, the border
formed from the border region of the planar substrate.
[0013] According to an aspect of the invention, there
is provided a method of manufacturing a membrane as-
sembly for EUV lithography, comprising: providing a

10

15

20

25

30

35

40

45

50

55

stack comprising a planar substrate and at least one
membrane layer, wherein the planar substrate comprises
an inner region, a border region around the inner region,
a bridge region around the border region and an edge
region around the bridge region; encapsulating the stack
with an etch resistant coating and patterning the etch
resistant coating on a bottom side of the stack to define
regions of the stack that are protected by the etch resist-
ant coating and regions of the stack that are not protected
by the etch resistant coating; applying a mechanical pol-
ishing process to a region on a top side of the stack above
the inner region, border region and bridge region of the
planar substrate to remove a first portion of the etch re-
sistant coating; applying an etching process effective to
etch the etch resistant coating to the region on the top
side of the stack above the inner region, border region
and bridge region of the planar substrate to remove a
second portion of the etch resistant coating; applying a
protection layer covering at least the top side of the stack;
and using a removal process to selectively remove the
inner region and at least a portion of the bridge region,
thereby thinning or removing an integral connection be-
tween the border region and the edge region of the planar
substrate, to provide a membrane assembly comprising:
a membrane formed from the at least one membrane
layer; a border holding the membrane, the border formed
from the border region of the planar substrate; an edge
section around the border, the edge section formed from
the edge region of the planar substrate; and a bridge
between the border and the edge section, the bridge
formed from the at least one membrane layer and any
remaining portion of the bridge region of the planar sub-
strate; and separating the edge section from the border
by cutting or breaking the bridge to provide a membrane
assembly (80) stripped of the edge section.

[0014] According to an aspect of the invention, there
is provided a method of manufacturing a membrane as-
sembly for EUV lithography, comprising: providing a
stack comprising a planar substrate and at least one
membrane layer, wherein the planar substrate comprises
an inner region, a border region around the inner region,
and an edge region around the border region; removing
an edge section formed from the edge region (64) of the
planar substrate (40) and removing layers formed on the
edge region; applying a protection layer over at least a
top surface of the stack, such that the at least one mem-
brane layeris between the protection layer and the planar
substrate, and over side surfaces of the stack; using a
first removal process to selectively remove the inner re-
gion, the protection layer being resistant to the first re-
moval process; and using a second removal process to
remove the protection layer, to provide a membrane as-
sembly stripped of the edge section, which membrane
assembly comprises: a membrane formed from the at
least one membrane layer; and a border holding the
membrane, the border formed from the border region of
the planar substrate.

[0015] According to further aspects of the invention
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there is provided a membrane assembly as specified in
claim 12, a lithographic apparatus as specified in claim
14 and a device manufacturing method as specified in
claim 15.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] Embodiments of the invention will now be de-
scribed, by way of example only, with reference to the
accompanying schematic drawings in which correspond-
ing reference symbols indicate corresponding parts, and
in which:

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

Figure 2 is a more detailed view of the lithographic
apparatus;

Figures 3 to 10 schematically depict stages in a
method of manufacturing a membrane assembly in
which a bridge region of a substrate is only partially
etched through prior to separation of an edge region
of the planar substrate;

Figures 11 to 14 schematically depict stages subse-
quent to the stages shown in Figures 3 to 10 accord-
ing to an embodiment;

Figures 15 to 17 schematically depict stages subse-
quent to the stages shown in Figures 3 to 10 accord-
ing to an alternative embodiment;

Figure 18 schematically depicts a membrane as-
sembly covered by a capping layer formed according
to an alternative embodiment;

Figures 19 to 23 schematically depict stages in a
method of manufacturing a membrane assembly in
which plural membrane assemblies are formed from
a single planar substrate, prior to separation of indi-
vidual membrane assembilies;

Figure 24 is a schematic bottom view of the arrange-
ment shown in Figure 23;

Figures 25 and 26 depict separation of the mem-
brane assemblies following the stages depicted in
Figures 19 to 24;

Figure 27 schematically depicts a stage in a manu-
facturing process in which a bridge region of the pla-
nar substrate is etched away at an earlier stage than
the inner region of the planar substrate;

Figure 28 is a schematic bottom view of the arrange-
ment shown in Figure 27;

Figures 29 to 33 show further stages in the method
of manufacture of Figures 27 and 28, after separation
of an edge region of the planar substrate;

Figures 34 to 39 show stages in a method of manu-
facturing a membrane assembly in which a polishing
process is applied to a top surface to remove debris
or flakes;

Figures 41 to 42 schematically depict example
processing for manufacturing a membrane assem-
bly 80 in which a protection layer 72 is removed prior
to separation;
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Figure 43-46 schematically depict example process-
ing for manufacturing a membrane assembly 80 in
which all of the bridge region 63 is removed;
Figure 47-50 schematically depict alternative exam-
ple processing for manufacturing a membrane as-
sembly in which all of a bridge region is removed;
Figures 51 to 53 schematically depict alternative ex-
ample processing for manufacturing a membrane
assembly in which a protection layeris removed prior
to separation;

Figures 54 to 60 schematically depict further alter-
native example processing for manufacturing a
membrane assembly in which a protection layer 72
is removed prior to separation;

Figures 61-63 schematically depict example
processing for manufacturing a membrane assem-
bly in which a stack is diced prior to removal of an
inner region of the planar substrate;

Figure 64-67 schematically depict alternative exam-
ple processing for manufacturing a membrane as-
sembly in which a stack is diced prior to removal of
an inner region of the planar substrate;

Figures 68-70 schematically depict example
processing for manufacturing a membrane assem-
bly in which a protection layer is removed after a
bridge of a membrane assembly is broken;

Figures 71-73 schematically depict example
processing for manufacturing a membrane assem-
bly in which a protection layer is not used.

[0017] The features and advantages of the present in-
vention will become more apparent from the detailed de-
scription set forth below when taken in conjunction with
the drawings, in which like reference characters identify
corresponding elements throughout. In the drawings, like
reference numbers generally indicate identical, function-
ally similar, and/or structurally similar elements.

DETAILED DESCRIPTION

[0018] Figure 1 schematically depicts a lithographic
apparatus 100 including a source collector module SO
according to one embodiment of the invention. The ap-
paratus 100 comprises:

- an illumination system (or illuminator) IL configured
to condition a radiation beam B (e.g., EUV radiation).

- asupportstructure (e.g.,amasktable) MT construct-
ed to support a patterning device (e.g., a mask or a
reticle) MA and connected to a first positioner PM
configured to accurately position the patterning de-
vice;

- asubstratetable (e.g., a wafertable) WT constructed
to hold a substrate (e.g., a resist-coated wafer) W
and connected to a second positioner PW configured
to accurately position the substrate; and

- aprojection system (e.g., a reflective projection sys-
tem) PS configured to project a pattern imparted to
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the radiation beam B by patterning device MA onto
atarget portion C (e.g., comprising one or more dies)
of the substrate W.

[0019] The illumination system IL may include various
types of optical components, such as refractive, reflec-
tive, magnetic, electromagnetic, electrostatic or other
types of optical components, or any combination thereof,
for directing, shaping, or controlling radiation.

[0020] The support structure MT holds the patterning
device MA 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 supportstructure MT can use mechan-
ical, vacuum, electrostatic or other clamping techniques
to hold the patterning device MA. The support structure
MT may be a frame or a table, for example, which may
be fixed or movable as required. The support structure
MT may ensure that the patterning device MA is at a
desired position, for example with respect to the projec-
tion system PS.

[0021] The term "patterning device" should be broadly
interpreted as referring to any device that can be used
to impart a radiation beam B with a pattern in its cross-
section such as to create a pattern in a target portion C
of the substrate W. The pattern imparted to the radiation
beam B may correspond to a particular functional layer
in a device being created in the target portion C, such as
an integrated circuit.

[0022] The patterning device MA may be transmissive
or reflective. Examples of patterning devices include
masks, programmable mirror arrays, and programmable
liquid-crystal display (LCD) panels. Masks are well
known in lithography, and include mask types such as
binary, alternating phase-shift, and attenuated phase-
shift, as well as various hybrid mask types. An example
of a programmable mirror array employs a matrix ar-
rangement of small mirrors, each of which can be indi-
vidually tilted so as to reflect an incoming radiation beam
in different directions. The tilted mirrors impart a pattern
in a radiation beam, which is reflected by the mirror ma-
trix.

[0023] The projection system PS, like the illumination
system IL, may include various types of optical compo-
nents, such as refractive, reflective, magnetic, electro-
magnetic, electrostatic or other types of optical compo-
nents, or any combination thereof, as appropriate for the
exposure radiation being used, or for other factors such
asthe use of avacuum. Itmay be desired to use avacuum
for EUV radiation since other gases may absorb too much
radiation. A vacuum environment may therefore be pro-
vided to the whole beam path with the aid of a vacuum
wall and vacuum pumps.

[0024] As here depicted, the lithographic apparatus
100 is of a reflective type (e.g., employing a reflective
mask).

[0025] Thelithographicapparatus 100 may be ofatype
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having two (dual stage) or more substrate tables WT
(and/or two or more support structures MT). In such a
"multiple stage" lithographic apparatus the additional
substrate tables WT (and/or the additional support struc-
tures MT) may be used in parallel, or preparatory steps
may be carried out on one or more substrate tables WT
(and/or one or more support structures MT) while one or
more other substrate tables WT (and/or one or more other
support structures MT) are being used for exposure.
[0026] Referringto Figure 1, the illumination system IL
receives an extreme ultraviolet radiation beam from the
source collector module SO. Methods to produce EUV
lightinclude, but are not necessarily limited to, converting
a material into a plasma state that has at least one ele-
ment, e.g., xenon, lithium or tin, with one or more emis-
sion lines in the EUV range. In one such method, often
termed laser produced plasma ("LPP") the required plas-
ma can be produced by irradiating a fuel, such as a drop-
let, stream or cluster of material having the required line-
emitting element, with a laser beam. The source collector
module SO may be part of an EUV radiation system in-
cluding a laser, not shown in Figure 1, for providing the
laser beam exciting the fuel. The resulting plasma emits
output radiation, e.g., EUV radiation, which is collected
using a radiation collector, disposed in the source collec-
tor module. The laser and the source collector module
SO may be separate entities, for example when a CO,
laser is used to provide the laser beam for fuel excitation.
[0027] In such cases, the laser is not considered to
form part of the lithographic apparatus 100 and the radi-
ation beam B is passed from the laser to the source col-
lector module SO with the aid of a beam delivery system
comprising, for example, suitable directing mirrors and/or
a beam expander. In other cases the source may be an
integral part of the source collector module SO, for ex-
ample when the source is a discharge produced plasma
EUV generator, often termed as a DPP source.

[0028] Theillumination system IL may comprise an ad-
juster for adjusting the angular intensity distribution of
the radiation beam. Generally, at least the outer and/or
inner radial extent (commonly referred to as c-outer and
o-inner, respectively) of the intensity distributionin a pupil
plane of the illumination system IL can be adjusted. In
addition, the illumination system IL may comprise various
other components, such as facetted field and pupil mirror
devices. The illumination system IL may be used to con-
dition the radiation beam B, to have a desired uniformity
and intensity distribution in its cross-section.

[0029] The radiation beam B is incident on the pattern-
ing device (e.g., mask) MA, which is held on the support
structure (e.g., mask table) MT, and is patterned by the
patterning device MA. After being reflected from the pat-
terning device (e.g., mask) MA, the radiation beam B
passes through the projection system PS, which focuses
the radiation beam B onto a target portion C of the sub-
strate W. With the aid of the second positioner PW and
position sensor PS2 (e.g., an interferometric device, lin-
ear encoder or capacitive sensor), the substrate table
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WT can be moved accurately, e.g., so as to position dif-
ferent target portions C in the path of the radiation beam
B. Similarly, the first positioner PM and another position
sensor PS1 can be used to accurately position the pat-
terning device (e.g., mask) MA with respect to the path
of the radiation beam B. The patterning device (e.g.,
mask) MA and the substrate W may be aligned using
mask alignment marks M1, M2 and substrate alignment
marks PI, P2.

[0030] A controller 500 controls the overall operations
of the lithographic apparatus 100 and in particular per-
forms an operation process described further below.
Controller 500 can be embodied as a suitably-pro-
grammed general purpose computer comprising a cen-
tral processing unit, volatile and non-volatile storage
means, one or more input and output devices such as a
keyboard and screen, one or more network connections
and one or more interfaces to the various parts of the
lithographic apparatus 100. It will be appreciated that a
one-to-one relationship between controlling computer
and lithographic apparatus 100 is not necessary. In an
embodiment of the invention one computer can control
multiple lithographic apparatuses 100. In an embodiment
of the invention, multiple networked computers can be
used to control one lithographic apparatus 100. The con-
troller 500 may also be configured to control one or more
associated process devices and substrate handling de-
vices in a lithocell or cluster of which the lithographic ap-
paratus 100 forms a part. The controller 500 can also be
configured to be subordinate to a supervisory control sys-
tem of a lithocell or cluster and/or an overall control sys-
tem of a fab.

[0031] Figure 2 shows the lithographic apparatus 100
in more detail, including the source collector module SO,
the illumination system IL, and the projection system PS.
An EUV radiation emitting plasma 210 may be formed
by a plasma source. EUV radiation may be produced by
a gas or vapor, for example Xe gas, Li vapor or Sn vapor
in which the radiation emitting plasma 210 is created to
emit radiation in the EUV range of the electromagnetic
spectrum. In an embodiment, a plasma of excited tin (Sn)
is provided to produce EUV radiation.

[0032] The radiation emitted by the radiation emitting
plasma 210 is passed from a source chamber 211 into
a collector chamber 212.

[0033] The collector chamber 212 may include a radi-
ation collector CO. Radiation that traverses the radiation
collector CO can be focused in a virtual source point IF.
The virtual source point IF is commonly referred to as
the intermediate focus, and the source collector module
SO is arranged such that the virtual source point IF is
located at or near an opening 221 in the enclosing struc-
ture 220. The virtual source point IF is an image of the
radiation emitting plasma 210.

[0034] Subsequently the radiation traverses the illumi-
nation system IL, which may include afacetted field mirror
device 22 and a facetted pupil mirror device 24 arranged
to provide a desired angular distribution of the unpat-
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terned beam 21, at the patterning device MA, as well as
adesired uniformity of radiation intensity at the patterning
device MA. Upon reflection of the unpatterned beam 21
at the patterning device MA, held by the support structure
MT, a patterned beam 26 is formed and the patterned
beam 26 is imaged by the projection system PS via re-
flective elements 28, 30 onto a substrate W held by the
substrate table WT.

[0035] More elements than shown may generally be
present in the illumination system IL and the projection
system PS. Further, there may be more mirrors present
than those shown in the Figures, for example there may
be 1- 6 additional reflective elements present in the pro-
jection system PS than shown in Figure 2.

[0036] Alternatively, the source collector module SO
may be part of an LPP radiation system.

[0037] As depicted in Figure 1, in an embodiment the
lithographic apparatus 100 comprises an illumination
system IL and a projection system PS. The illumination
system IL is configured to emit a radiation beam B. The
projection system PS is separated from the substrate ta-
ble WT by an intervening space. The projection system
PS is configured to project a pattern imparted to the ra-
diation beam B onto the substrate W. The pattern is for
EUV radiation of the radiation beam B.

[0038] The space intervening between the projection
system PS and the substrate table WT can be at least
partially evacuated. The intervening space may be de-
limited at the location of the projection system PS by a
solid surface from which the employed radiation is direct-
ed toward the substrate table WT.

[0039] In an embodiment the lithographic apparatus
100 comprises a dynamic gas lock. The dynamic gas
lock comprises a membrane assembly 80. In an embod-
iment the dynamic gas lock comprises a hollow part cov-
ered by a membrane assembly 80 located in the inter-
vening space. The hollow partis situated around the path
of the radiation. In an embodiment the lithographic ap-
paratus 100 comprises a gas blower configured to flush
the inside of the hollow part with a flow of gas. The radi-
ation travels through the membrane assembly 80 before
impinging on the substrate W.

[0040] In an embodiment the lithographic apparatus
100 comprises a membrane assembly 80. As explained
above, in an embodiment the membrane assembly 80 is
for a dynamic gas lock. In this case the membrane as-
sembly 80 functions as a filter for filtering DUV radiation.
Additionally or alternatively, in an embodiment the mem-
brane assembly 80 is a pellicle for the patterning device
MA for EUV lithography. The membrane assembly 80 of
the presentinvention can be used for a dynamic gas lock
or for a pellicle or for another purpose. In an embodiment
the membrane assembly 80 comprises a membrane lay-
er 42 configured to transmit at least 80% of incident EUV
radiation.

[0041] In an embodiment the pellicle is configured to
seal off the patterning device MA to protect the patterning
device MA from airborne particles and other forms of con-
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tamination. Contamination on the surface of the pattern-
ing device MA can cause manufacturing defects on the
substrate W. For example, in an embodiment the pellicle
is configured to reduce the likelihood that particles might
migrate into a stepping field of the patterning device MA
in the lithographic apparatus 100.

[0042] If the patterning device MA is left unprotected,
the contamination can require the patterning device MA
to be cleaned or discarded. Cleaning the patterning de-
vice MA interrupts valuable manufacturing time and dis-
carding the patterning device MA is costly. Replacing the
patterning device MA also interrupts valuable manufac-
turing time.

[0043] In an embodiment a method of manufacturing
a membrane assembly 80 for EUV is provided. Specific
examples of methods of this embodiment are described
below with reference to Figures 1 to 26, 40 to 42, 51 to
60, and 71-73. The method comprises providing a stack
60. The stack 60 comprises a planar substrate 40 and at
least one membrane layer 42. The stack 60 may be
formed starting from a bare silicon wafer as the planar
substrate 40 (as shown in Figure 3). Layers of the stack
60 are formed or deposited on the planar substrate 40 in
subsequent steps. An example stack 60 formed in this
way is shown in Figure 4.

[0044] The planar substrate 40 has a shape such as a
square, a circle or a rectangle, for example. The shape
of the planar substrate 40 is not particularly limited. The
size of the planar substrate 40 is not particularly limited.
For example, in an embodiment the planar substrate 40
has a diameter in the range of from about 100 mm to
about 500 mm, for example about 200 mm. The thickness
of the planar substrate 40 is not particularly limited. For
example, in an embodiment the planar substrate 40 has
a thickness of at least 300 pm, optionally at least 400
pm. In an embodiment the planar substrate 40 has a
thickness of at most 1,000 wm, optionally at most 800
pm. In an embodiment the planar substrate 40 has a
thickness of about 725 pum. In an embodiment the planar
substrate 40 has a thickness of at most 600 pm, option-
ally at most 400 uwm. By providing a thinner planar sub-
strate 40, the amount of the planar substrate 40 that
needs to be selectively removed is reduced.

[0045] Silicon can crystallize in adiamond cubic crystal
structure. In anembodiment the planar substrate 40 com-
prises a cubic crystal of silicon. In an embodiment the
planar substrate 40 has a <100> crystallographic direc-
tion.

[0046] In an embodiment the planar substrate 40 is
polished. The stack 60 has a top side and a bottom side.
The top side is depicted at the top of the stack 60 in the
Figures. The bottom side is depicted at the bottom of the
stack 60 in the Figures.

[0047] Inan embodimentthe planar substrate 40 com-
prises an oxidized layer. The oxidized layer is part of the
planar substrate 40. The rest of the planar substrate 40
forms a non-oxidized layer of the planar substrate 40.
The oxidized layer is a sacrificial layer. The oxidized layer
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forms an etch barrier when the non-oxidized layer of the
planar substrate 40 is etched.

[0048] Inanembodimentthe oxidized layer has athick-
ness greater than 100 nm, optionally greater than 200
nm, and optionally greater than 300 nm. For example, in
an embodiment the oxidized layer has a thickness of
about 300nm, 350 nm or about 400 nm.

[0049] In an embodiment the oxidized layer is formed
as a thin layer of oxide on outer surfaces of the planar
substrate 40. In an embodiment the oxidized layer is
formed by a thermal oxidation process, for example as
athermal wet oxide. In an embodiment the oxidized layer
and the etchant used for etching the planar substrate 40
are configured such that the etch rate of the oxidized
layer in the etchant is less than about 5 nm/minute, for
example about 3 nm/minute. In an embodiment the oxi-
dized layer comprises amorphous silicon dioxide.
[0050] The stack 60 comprises atleastone membrane
layer 42. The membrane assembly 80 comprises a mem-
brane formed from the at least one membrane layer 42.
In an embodiment the at least one membrane layer 42
comprises silicon in one of its allotrope forms such as
amorphous, monocrystalline, polycrystalline or nanoc-
rystalline silicon. A nanocrystalline silicon means a poly-
crystalline silicon matrix containing a certain amorphous
silicon content. In an embodiment polycrystalline or na-
nocrystalline silicon is formed by crystallizing amorphous
silicon in the at least one membrane layer 42. For exam-
ple, a membrane layer 42 is added to the stack 60 as an
amorphous silicon layer. The amorphous silicon layer
crystallizes into a polycrystalline or nanocrystalline sili-
con layer when a certain temperature is exceeded. For
example, the membrane layer 42 as an amorphous sili-
con layer transforms into a membrane layer 42 as a poly-
crystalline or nanocrystalline silicon layer.

[0051] In an embodiment the amorphous silicon layer
is in-situ doped during its growth. By adding a p- or n-
type dopant the silicon conductivity increases, which has
apositive effect on handling the power of the EUV source.
[0052] In an embodiment the at least one membrane
layer 42 is applied to both the top surface and the bottom
surface of the stack 60. The at least one membrane layer
42 can be removed from the bottom side of the stack 60
in a later process step. However, this is not necessarily
the case. In an alternative embodiment the at least one
membrane layer 42 is applied only to the top side of the
stack 60. The at least one membrane layer 42 at the top
side of the stack 40 becomes the at least one membrane
layer 42 in the membrane 70 of the membrane assembly
80 produced by the manufacturing method.

[0053] In an embodiment the at least one membrane
layer 42 is applied to the stack 60 by a chemical vapor
deposition method, for example low pressure chemical
vapor deposition (LPCVD) or plasma-enhanced chemi-
cal vapor deposition (PECVD). LPCVD produces layers
of relatively high quality while PECVD can desirably be
effected at lower temperatures. For example, in an em-
bodiment the at least one membrane layer 42 is applied
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by low pressure chemical vapor deposition (LPCVD) at
a temperature in the range of about 500 to 620 °C, for
example at about 560°C. However, other methods such
as PECVD, a sputtering method and a thin filming method
can be used.

[0054] In an embodiment the at least one membrane
layer 42 is thin enough that its transmission for EUV ra-
diation is sufficiently high, for example greater than 50%.
In an embodiment the thickness of the at least one mem-
brane layer 42 is at most about 200 nm, and optionally
at most about 150 nm. A 150 nm thick pure Simembrane
would transmit about 77% of incident EUV radiation. In
an embodiment the thickness of the at least one mem-
brane layer 42 is at most about 100 nm. A 100 nm thick
pure Si membrane would transmit about 84% of incident
EUV radiation.

[0055] In an embodiment the at least one membrane
layer 42 is thick enough that it is mechanically stable
when the membrane assembly 80 is fixed to the pattern-
ing device MA of the lithographic apparatus 100 and dur-
ing use of the lithographic apparatus 100. In an embod-
iment the thickness of the at least one membrane layer
42 is at least about 10 nm, optionally at least about 20
nm, and optionally at least about 35 nm. In an embodi-
ment the thickness of the at least one membrane layer
42 is about 40 nm.

[0056] As depicted for example in Figures 4-17,40-42,
51-60, and 71-73, in an embodiment the stack 60 com-
prises a lower capping film 47. The lower capping film 47
is disposed between the planar substrate 40 and the at
least one membrane layer 42. Optionally the lower cap-
ping film 47 is in contact with the at least one membrane
layer 42. In an embodiment the lower capping film 47
forms part of the membrane 70 of the membrane assem-
bly 80 produced by the method.

[0057] Asdepicted forexample in Figures 4-17,40-42,
51-60, and 71-73, in an embodiment the stack 60 com-
prises an upper capping film 48. The upper capping film
48 is disposed above the at least one membrane layer
42. Optionally the upper capping film 48 is in contact with
the at least one membrane layer 42. In an embodiment
the upper capping film 48 forms part of the membrane
70 of the membrane assembly 80 produced by the meth-
od.

[0058] During use of the lithographic apparatus 100, it
is possible for the membrane assembly 80 to break.
When the membrane assembly 80 breaks, the mem-
brane 70 can break up into many patrticles. In particular,
if the at least one membrane layer 42 is formed from a
material having a brittle nature, the membrane layer 42
can shatter into many particles when the membrane as-
sembly 80 breaks. The debris from the broken membrane
assembly 80 can contaminate other parts of the litho-
graphic apparatus 100. For example, debris from the bro-
ken membrane assembly 80 can contaminate optical
components of the lithographic apparatus 100. Contam-
ination from the debris of the broken membrane assem-
bly 80 can reduce the quality of optical functions carried

10

15

20

25

30

35

40

45

50

55

out by the optical components of the lithographic appa-
ratus 100.

[0059] Forexample, in an embodimentthe atleastone
membrane layer 42 is formed from polycrystalline or na-
nocrystalline silicon. Polycrystalline or nanocrystalline
silicon has a brittle nature. Hence, amembrane assembly
80 comprising a membrane 70 that comprises a mem-
brane layer 42 formed from polycrystalline or nanocrys-
talline silicon can shatter into many particles when the
membrane assembly 80 breaks.

[0060] The lower capping film 47 and upper capping
film 48 can at least partially contain debris generated
when the membrane layer 42 breaks and reduce con-
tamination of other parts of the lithographic apparatus
100.

[0061] Inanembodimentthe material for each of either
or both of the lower capping film 47 and upper capping
film 48 is a silicon nitride. For example, in an embodiment
the material for each of either or both of the lower capping
film 47 and upper capping film 48 is an amorphous silicon
nitride. However, other silicon nitrides may be suitable.
In an embodiment each of either or both of the lower
capping film 47 and upper capping film 48 is thick enough
to allow each of either or both of the lower capping film
47 and upper capping film 48 to perform its function of
containing the membrane layer 42 when the membrane
layer breaks 42 breaks. In an embodiment the thickness
of each of either or both of the lower capping film 47 and
upper capping film 48 is at least about 1 nm, and option-
ally at least about 2 nm. In an embodiment each of either
or both of the lower capping film 47 and upper capping
film 48 is thin enough so that the membrane 70 of the
membrane assembly 80 including either or both of the
lower capping film 47 and upper capping film 48 has suf-
ficiently good optical properties, particularly for transmis-
sion of EUV radiation. In an embodiment the thickness
of each of either or both of the lower capping film 47 and
upper capping film 48 is at most about 10 nm, and op-
tionally at most about 5 nm. In an embodiment the thick-
ness of each of either or both of the lower capping film
47 and upper capping film 48 is about 2.5 nm.

[0062] The method of applying the lower capping film
47 or upper capping film 48 to the stack 60 is not partic-
ularly limited. In an embodiment the lower capping film
47 or upper capping film 48 is applied to the stack by
chemical vapor deposition, for example LPCVD at a tem-
perature in the range of about 750 to 900 °C, for example
at of about 850°C, or PECVD. However, in an alternative
embodiment the lower capping film 47 or upper capping
film 48 is applied to the stack 60 by a sputtering method
or by a thin filming method, for example.

[0063] It is not necessary for each of either or both of
the lower capping film 47 and upper capping film 48 to
be provided. In an embodiment the stack 60 does not
comprise any lower capping film 47, does not comprise
any upper capping film 48, or does not comprise any
lower capping film 47 and does not comprise any upper
capping film 48. In an embodiment the membrane as-
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sembly 80 produced by the manufacturing method does
not comprise any lower capping film 47, does not com-
prise any upper capping film 48, or does not comprise
any lower capping film 47 and does not comprise any
upper capping film 48.

[0064] In an embodiment, the stack 60 comprises an
upper etch barrier 46 above the at least one membrane
layer 42. Optionally the upper etch barrier 46 is above
and in contact with the at least one membrane layer 42
or, where provided, the upper capping film 48. In an em-
bodiment, the stack 60 comprises a lower etch barrier 44
below the at least one membrane layer 42. Optionally
the lower etch barrier 44 is below and in contact with the
at least one membrane layer 42 or, where provided, the
lower capping film 47. Where both the upper etch barrier
46 and the lower etch barrier 44 are provided, at least a
portion of the upper etch barrier 46 and a portion of the
lower etch barrier 44 that together sandwich a portion of
the at least one membrane layer 42 are removed during
the processing to form the membrane assembly 80 to
release the at least one membrane layer 42 and form the
membrane. Where only one of the upper etch barrier 46
and the lower etch barrier 46 is provided, atleasta portion
of the provided upper etch barrier 46 or lower etch barrier
44 will be removed during the processing to form the
membrane assembly 80 to release the atleast one mem-
brane layer 42 and form the membrane.

[0065] Inanembodimentthe upper etch barrier 46 and
lower etch barrier 44 are each directly adjacent to the at
least one membrane layer 42 and are each configured
to apply substantially equal tensile or compressive forces
to the at least one membrane layer 42.

[0066] In an embodiment, at least 50% by thickness
(optionally at least 80%, optionally at least 90%, option-
ally at least 95%, optionally at least 98%, optionally at
least 99%) of the upper etch barrier 46 has the same
chemical composition respectively as at least 50% (op-
tionally at least 80%, optionally at least 90%, optionally
at least 95%, optionally at least 98%, optionally at least
99%) by thickness of the lower etch barrier 44. In an
embodiment, a thickness of the upper etch barrier 46
differs from a thickness of the lower etch barrier 44 layer
by less than 50% (optionally less than 20%, optionally
less than 10%, optionally less than 5%, optionally less
than 2%, optionally less than 1%). The atleast one mem-
brane layer 42 is thus supported symmetrically by the
upper etch barrier 46 and lower etch barrier 44.

[0067] Supporting the at least one membrane layer 42
symmetrically ensures that the same or similar tensile or
compressive forces are applied to each side of the at
least one membrane layer 42. Distortion of the at least
one membrane layer 42 due to unbalanced forces is re-
duced. Furthermore, where 80% or more of the lower
etch barrier 44 and upper etch barrier 46 comprise tetra-
ethylorthosilicate (TEOS), as described in the context of
a specific example below, the forces applied will com-
prise much lower compressive forces, compared with al-
ternative materials (such as thermal oxide), or may even
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comprise tensile forces. A lower compressive force or
tensile force reduces wrinkles or fluffy textures in the at
least one membrane layer 42, which might otherwise oc-
cur after removal of the planar substrate 40 and lower
and upper etch barriers 44,46. Yield can therefore be
increased.

[0068] In an embodiment, the upper etch barrier 46
comprises a plurality of layers of different composition.
In an embodiment the thickest of the plurality of layers
comprises tetraethylorthosilicate (TEOS) formed using
LPCVD or PECVD. In an embodiment the lower etch bar-
rier 44 comprises a plurality of layers of different compo-
sition. In an embodiment a thickest of the plurality of lay-
ers comprises tetraethylorthosilicate (TEOS) formed us-
ing LPCVD or PECVD.

[0069] In an embodiment the lower etch barrier 44
comprises in sequence a first lower etch barrier layer, a
second lower etch barrier layer and a third lower etch
barrier layer. The first lower etch barrier layer is closest
to the planar substrate 40. In an embodiment the first
lower etch barrier layer is thinner than the second and
third lower etch barrier layers and is configured to act as
an etch stop layer against a removal process (e.g. KOH
or TMAH, tetramethylammonium hydroxide, etch) for re-
moving regions of the planar substrate 40. In an embod-
iment the first lower etch barrier layer comprises silicon
nitride. The layer of silicon nitride may be formed for ex-
ample using LPCVD at a temperature in the range of 750
to 900 °C, for example at 850°C, or PECVD. In an em-
bodiment the layer of silicon nitride has a thickness of
approximately 2-10nm. In an embodiment the second
lower etch barrier layer comprises a tetraethylorthosili-
cate (TEOS) layer. The TEOS layer may be formed for
example using LPCVD at 725°C, or PECVD. In an em-
bodiment the TEOS layer has a thickness of approxi-
mately 500nm. In an embodiment the third lower etch
barrier layer is a sacrificial layer. In an embodiment, the
composition of the third lower etch barrier layer is chosen
so that a selective etch can remove the third lower etch
barrier layer without removing a lower capping film 47 of
the at least one membrane layer 42. In an embodiment
the third lower etch barrier layer comprises an amor-
phous silicon layer. In an embodiment the amorphous
silicon layer is formed using LPCVD at a temperature in
the range of about 500 to 620 °C, for example at about
560°C, or PECVD. In an embodiment, the third lower etch
barrier layer is approximately 30nm thick.

[0070] In an embodiment the upper etch barrier 46
comprises a first upper etch barrier layer and a second
upper etch barrier layer. The first upper etch barrier layer
is closest to the at least one membrane layer 42. In an
embodiment the first upper etch barrier layer is a sacri-
ficial layer. In an embodiment, the composition of the first
upper etch barrier layer is chosen so that a selective etch
can remove the first upper etch barrier layer without re-
moving an upper capping layer 48 of the at least one
membrane layer 42. In an embodiment the first upper
etch barrier layer comprises an amorphous silicon layer.
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In an embodiment the amorphous silicon layer is formed
using LPCVD at a temperature in the range of about 500
to 620 °C, for example at 560°C, or PECVD. In an em-
bodiment, the first upper etch barrier layer is approxi-
mately 30nm thick. In an embodiment the second upper
etch barrier layer, which is positioned on top of the first
upper etch barrier layer, comprises TEOS. The TEOS
may be formed for example using LPCVD at 725°C, or
PECVD. Inan embodimentthe second upper etch barrier
layer has a thickness of approximately 500nm. Optionally
a third upper etch barrier layer may be provided that has
the same composition as the first lower etch barrier layer
of the lower etch barrier 44 to make the upper etch barrier
46 completely symmetric with the lower etch barrier 44.
[0071] As shown for example in Figure 4, the planar
substrate 40 comprises an inner region 61, a border re-
gion 62 around the inner region 61 (e.g. surrounding the
inner region 61 when viewed in a direction perpendicular
to the plane of the planar substrate 40), a bridge region
63 around the border region 62 (e.g. surrounding the bor-
der region 62 when viewed in a direction perpendicular
to the plane of the planar substrate 40), and an edge
region 64 around the bridge region 63 (e.g. surrounding
the bridge region 63 when viewed in a direction perpen-
dicular to the plane of the planar substrate 40). The bridge
region 63 comprises a first portion 63A and a second
portion 63B. In an embodiment the first portion 63A is
below the second portion 64A.

[0072] The method comprises selectively removingthe
inner region 61 and the first portion 63A of the bridge
region 63 to form a membrane assembly 80. In an em-
bodiment, these regions are removed according to the
methods described below with reference to Figures 4 to
26, providing the example membrane assemblies 80
shown in Figures 10-18, 22, 23, 25, 26, 41, 42, 44-46,
48-53, 57-60, 62, 63, 65-73. The membrane assembly
80 may be processed further to make the membrane as-
sembly 80 suitable for practical use.

[0073] The membrane assembly 80 comprises a mem-
brane 70. The membrane 70 is formed from the at least
one membrane layer 42. The membrane 70 comprises
the at least one membrane layer 42. The membrane 70
may comprise one or more further layers, such as a lower
capping film 47 and an upper capping film 48.

[0074] As shown for example in Figure 10, after selec-
tive removal of the inner region 61 and first portion 63A
of the bridge region 63, the membrane assembly 80 com-
prises a border holding the membrane 70. The border is
formed from the border region 62 of the planar substrate
40. The membrane assembly 80 atthis stage further com-
prises an edge section around the border. The edge sec-
tion is formed from the edge region 64 of the planar sub-
strate 40. The membrane assembly 80 at this stage fur-
ther comprises a bridge between the border and the edge
section. The bridge is formed from the at least one mem-
brane layer 42 and the second portion 63B of the bridge
region 63 of the planar substrate 40. In the embodiment
of Figure 10 the bridge further comprises additional lay-
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ers above the second portion 63B of the bridge section
63, as will be described in further detail below. The re-
moval of the first portion 63A of the bridge region 63 main-
tains but thins an integral connection between the border
region 62 and the edge region 64. In other embodiments
discussed below the bridge region 63 may be removed
entirely, thereby removing the integral connection be-
tween the border region 62 and the edge region 64.
[0075] Example processing for manufacturing a mem-
brane assembly to the stage shown in Figure 10 will now
be described in further detail.

[0076] Initially a planar substrate 40 is provided as
shown in Figure 3.

[0077] The planar substrate 40 is processed to form a
stack 60 comprising a sequence of layers on the planar
substrate 40 as shown in Figure 4. The sequence of lay-
ers comprises in order from the planar substrate 40 out-
wards: a lower etch barrier 44, a lower capping film 47,
at least one membrane layer 42, an upper capping film
48, and an upper etch barrier 46. Example compositions
for the lower etch barrier 44, lower capping film 47, at
least one membrane layer 42, upper capping film 48 and
upper etch barrier 46 have been disclosed above.
[0078] The stack 60 is processed further to form the
stack 60 shown in Figure 5. In an embodiment the
processing comprises multiple consecutive wet and dry
etching steps, including top side protection, to etch away
the layers on the bottom of the stack 60 up to the planar
substrate 40.

[0079] The stack 60 is processed further to apply a
KOH or TMAH etch barrier 56 on the bottom of the stack
60. A photoresist layer 52 is subsequently formed around
the whole stack 60 to form the arrangement shown in
Figure 6.

[0080] The photoresist layer 52 selectively exposed
through a mask 54 (Figure 7) to define the shapes of the
inner region 61 and first portion 63A of the bridge region
63 to be removed in subsequent etching steps. The stack
60 is then processed using multiple consecutive steps,
including developing, stripping, and dry and wet etching,
to form the stack 60 as shown in Figure 8.

[0081] Openingsinthe KOH or TMAH etch barrierlayer
56 are formed to be narrow enough (e.g. less than 1mm)
that a rate of etching through the planar substrate 40 in
a later step will be slower within the first portion 63A of
the bridge region 63 than in the inner region 61. In this
way it can be arranged that the inner region 61 can be
removed completely at least up to the first of the layers
formed on the planar substrate 40 while only the first
portion 63A of the bridge region 63 is removed (and not
the second portion 63B of the bridge region 63, above
the first portion 63A of the bridge region 63).

[0082] The stack 60 of Figure 8 is provided with a pro-
tection layer 72 to form the stack shown in Figure 9. In
embodiments of this type the protection layer 72 is pro-
vided over at least a top surface of the stack 60. The at
least one membrane layer 42 is thus between the pro-
tection layer 72 and the planar substrate 40. The protec-
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tion layer is also provided over side surfaces of the stack
60. The protection layer 72 is resistant to a removal proc-
ess used for selectively removing the innerregion 61 and
the first portion 63A of the bridge region 63 of the planar
substrate 40.

[0083] The removal process for selectively removing
the inner region 61 and the first portion 63A of the bridge
region 63 of the planar substrate 40 is applied to form
the membrane assembly 80 shown in Figure 10. In an
embodiment the removal process comprises a wet etch-
ing process. The wet etchant may be KOH or TMAH. For
example, in an embodiment the stack 60 of Figure 9 is
placed into a bath of KOH or TMAH and subsequently
removed from the bath of KOH or TMAH using a handling
tool. Other wet etchants such as EDP (an aqueous so-
lution of ethylene diamine and pyrocatechol) can be
used. The presence of the protection layer 72, the lower
etch barrier 44 and the upper etch barrier 46 mechanically
supports the at least one membrane layer 42 so that the
membrane is less likely to be damaged during the proc-
ess of etching the planar substrate 40.

[0084] Inanembodimentthe protectionlayer 72is thick
enough to provide sufficient mechanical protection to the
stack 60. In an embodiment the protection layer 72 has
a thickness of at least about 1 um, and optionally at least
about 2 um. In an embodiment the protection layer 72 is
thin enough so as to sufficiently reduce the process time
required for applying the protection layer 72. In an em-
bodiment the protection layer 72 has a thickness of at
most about 10 wm, and optionally at most about 5 pm.
In an embodiment the protection layer 72 has a thickness
of about 4 um.

[0085] The protection layer 72 is sufficiently mechan-
ically robust so as to provide mechanical protection to
the border region 62 during the step of selectively remov-
ing the inner region 61 of the planar substrate 40. The
protection layer 72 may be a conformal coating for pro-
tecting the coated surface, having good barrier properties
such as being resistant to solvents (e.g. insoluble atroom
temperature), moisture, corrosion, chemical attack. It is
generally desired that the protection layer 72 provides a
uniform layer thickness with no pinholes. In an embodi-
ment the step of selectively removing the inner region 61
of the planar substrate 40 comprises using a chemical
etchant (e.g. KOH or TMAH). In such embodiments the
protection layer 72 is chemically resistant to the chemical
etchant. For example, in an embodiment the protection
layer 72 is chemically resistant to KOH or TMAH. This
means that when the chemical etchant is used, the pro-
tection layer 72 is either not etched away at all, or is
etched away at a much lower etching rate compared to
the inner region 61 of the planar substrate 40.

[0086] In anembodiment, the protection layer 72 com-
prises an organic polymer, for example a poly(p-xylylene)
polymer such as Parylene or ProTEK® type materials for
example.

[0087] Inanembodiment, the protection layer 72 com-
prises silicon nitride. The silicon nitride may be deposited
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using LPCVD or PECVD.

[0088] At stages in the method where the edge region
64 is still connected to the border region 62, the shape
and size of the membrane assembly 80 will be approxi-
mately the same as the shape and size of the original
planar substrate 40. In order to provide a membrane as-
sembly 80 having a shape suitable for use in the litho-
graphic apparatus 100 the edge section is separated
from the border by cutting or breaking the bridge.
[0089] In an embodiment, the bridge is broken by ap-
plying a mechanical stress to the membrane assembly
80. In an alternative embodiment, the bridge is broken
by cutting through the bridge using a laser. Debris re-
moval tools, sometimes referred to as flake removal
tools, may be used to remove any debris or flakes that
are generating during the breaking of the bridge. The
debris removal tools may apply suction during the break-
ing of the bridge for example.

[0090] Figure 11 depicts the result of breaking the
bridge of the membrane assembly 80 shown in Figure
10 to produce the membrane assembly 80 shown in Fig-
ure 11. In this embodiment, the bridge comprised the
second portion 63B of the bridge region 63 of the planar
substrate 40 and the layers formed on the second portion
63B of the bridge region 63 (the lower etch barrier 44,
the lower capping film 47, the at least one membrane
layer 42, the upper capping film 48, the upper etch barrier
46 and the protection layer 72).

[0091] In this embodiment, the protection layer 72 is
removed after separation of the edge section from the
border, to form the membrane assembly 80 shown in
Figure 12. The protection layer 72 may be removed using
an intense oxygen plasma treatment, for example an O,
barrel etch or a RIE etch, or by using another removal
technique. At least the upper etch barrier 46, which may
be provided directly beneath the protection layer 72, is
resistant to the removal process used to remove the pro-
tection layer 72. Optionally the lower etch barrier 44 is
also resistant to the removal process used to remove the
protection layer 72. For example, each of either or both
of the lower etch barrier 44 and upper etch barrier 46 is
resistant to an O, barrel etch, a RIE etch or another re-
moval technique suitable for removing the protection lay-
er 72. The lower etch barrier 44 and upper etch barrier
46 thus protect the at least one membrane layer 42 and
any capping films 47, 48 during all of the removal process
for removing the protection layer 72. Damage to, for ex-
ample oxidation of, the at least membrane layer 42 and
any capping films 47,48, due to the removal process for
removing the protection layer 72, is therefore reduced or
prevented.

[0092] Wet etching can be used to remove the lower
etch barrier 44 and upper etch barrier 46 to form the mem-
brane assembly 80 shown in Figure 13. Any flakes or
debris remaining behind after removal of the protection
layer 72 will be removed at the same time as the lower
etch barrier 44 and upper etch barrier 46, and will not
remain on the membrane 70. The mechanical strength
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provided by the lower etch barrier 44 and the upper etch
barrier 46 may even allow mechanical polishing steps to
be applied to the membrane assembly 80. Mechanical
polishing steps may be more effective for removing rel-
atively large debris or flakes, in comparison with etching
alone. For example, a mechanical polishing process may
be used to remove a first portion of the upper etch barrier
46, with a remaining portion of the upper etch barrier 46
being removed by wet etching.

[0093] It may be desirable to provide a further capping
film 74 around the remaining exposed portions of the
planar substrate 40 (in the embodiment of Figure 13, the
border region 62). Such a further capping film 74 may
reduce or prevent contamination of the lithographic ap-
paratus 100, for example due to outgassing from the pla-
nar substrate 40. In an embodiment, a further capping
film 74 is applied to the whole outer surface of the mem-
brane assembly 80 shown in Figure 13, to provide the
membrane assembly 80 shown in Figure 14.

[0094] In an alternative embodiment, the further cap-
ping film 74 is formed so as not to cover an upper surface
of the membrane assembly 80. This may be achieved
for example by forming the protection layer 72 and lower
etch barrier 44 in the arrangement of Figures 9-11 such
that a portion of the lower etch barrier 44 underneath the
at least one membrane layer 42 can be removed without
removing the protection layer 72. An example membrane
assembly 80 formed by selectively removing the portion
of the lower etch barrier 44 while not removing the pro-
tection layer 72 is shown in Figure 15.

[0095] Inasubsequentstep the further capping film 74
is provided to cover the side surfaces up to and including
the at least one membrane layer 42 and upper capping
film 48. The further capping film 74 also covers all sur-
faces on the bottom side of the membrane assembly 80.
The arrangement shown in Figure 16 is thereby pro-
duced.

[0096] The protection layer 72 and upper etch barrier
46 are removed subsequently to form the membrane as-
sembly 80 shown in Figure 17.

[0097] In a further alternative embodiment for forming
the further capping film 74 around the surfaces of planar
substrate 40, either or both of the lower capping film 47
and the upper capping film 48 may be omitted. The proc-
ess flow described above with reference to Figures 3 to
13 may be used except that the method of forming the
stack 60 shown in Figure 4 is modified to omit either or
both of the lower capping film 47 and the upper capping
film 48. A membrane assembly 80 is formed which is the
same as the membrane assembly 80 shown in Figure 13
except that either or both of the lower capping film 47
and the upper capping film 48 are absent. The further
capping film 74 (which in this case may be the only cap-
ping film) is then applied around all of the membrane
assembly 80 to form the membrane assembly 80 depict-
ed in Figure 18.

[0098] Inthe embodiments described above the further
capping film 74 is shown as covering all surfaces of the
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membrane assembly 80 below the upper capping film
48. Thisis notessential. In otherembodiments the further
capping film covers all surfaces of the planar substrate
but not the bottom surface of the membrane 70. In this
way contamination or outgassing from the planar sub-
strate 40 can be reduced or avoided without decreasing
a transmittance through the membrane 70.

[0099] The embodiments described above with refer-
ence to Figures 3-18 the separation of the edge section
from the border is performed before removing the pro-
tection layer 72. An advantage of performing the sepa-
ration prior to removing the protection layer 72 is that any
debris or flakes produced by the separation process will
be deposited on the protection layer 72 rather than on
the at least one membrane layer 42. The debris or flakes
may therefore be more easily removed. This is not es-
sential however.

[0100] Figures 40-42 depict example processing for
manufacturing a membrane assembly 80 in which a pro-
tection layer 72 is removed prior to separation.

[0101] Starting from the arrangement shown in Figure
5, processing to form the arrangement shown in Figure
40 is performed. An etch barrier 56 is applied on the bot-
tom of the stack 60 (e.g. a KOH or TMAH etch barrier).
The etch barrier 56 is subsequently patterned and proc-
essed to perform openings, for example inamanner anal-
ogous to the process described above with reference to
Figures 7 and 8, except that the processing in this em-
bodiment also removes the upper etch barrier 46. A pro-
tection layer 72 is then provided to form the stack 60
shown in Figure 40. The protection layer 72 is provided
over the top surface, over the side surfaces, and over a
peripheral portion of the bottom surface of the stack 60,
as shown in Figure 40. The openings formed by the pat-
terning in the etch barrier 56 are not covered by the pro-
tection layer 72. The protection layer 72 is resistant to a
removal process used for selectively removing the inner
region 61 and the first portion 63A of the bridge region
63 of the planar substrate 40 and may have any of the
compositions for the protection layer 72 described above
(e.g. Parylene).

[0102] The removal process for selectively removing
the inner region 61 and the first portion 63A of the bridge
region 63 of the planar substrate 40 is then applied. The
lower etch barrier 44 on the bottom side of the membrane
layer 42 is also removed (e.g. using wet etching). Sub-
sequently, the protection layer 72 is removed. The pro-
tection layer 72 may be removed using any of the meth-
ods for removing the protection layer 72 described above
(e.g. intense oxygen plasma treatment). The membrane
assembly 80 shown in Figure 41 is thereby produced.
[0103] Subsequently, the bridge of the membrane as-
sembly 80 shown in Figure 41 is broken to produce the
membrane assembly 80 shown in Figure 42.

[0104] In a variation on the processing described
above with reference to Figures 40-42, the removal of
the protection layer 72 may be performed after the bridge
of the membrane assembly 80 is broken. The protection
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layer 72 may provide useful mechanical support to the
membrane layer 42 during the breaking of the bridge.
[0105] Figures 51-53 depict alternative example
processing for manufacturing a membrane assembly 80
in which a protection layer 72 is removed prior to sepa-
ration.

[0106] Starting from the arrangement of Figure 9,
processing to perform the arrangement shown in Figure
51 is performed. The removal process for selectively re-
moving the inner region 61 and the first portion 63A of
the bridge region 63 of the planar substrate 40 is per-
formed. The lower etch barrier 44 on the bottom side of
the membrane layer 42 is also removed (e.g. using wet
etching). Subsequently, the protection layer 72 is re-
moved. The protection layer 72 may be removed using
any of the methods for removing the protection layer 72
described above (e.g. intense oxygen plasma treatment).
The membrane assembly 80 shown in Figure 51 is there-
by produced. The upper etch barrier 46 protects the at
least one membrane layer 42 during removal of the pro-
tection layer 72.

[0107] Subsequently, the upper etch barrier 46 is re-
moved (e.g. using wet etching) to produce the membrane
assembly 80 shown in Figure 52.

[0108] Subsequently, the bridge of the membrane as-
sembly 80 shown in Figure 52 is broken to produce the
membrane assembly 80 shown in Figure 53.

[0109] Figures 54-60 depict alternative example
processing for manufacturing a membrane assembly 80
in which a protection layer 72 is removed prior to sepa-
ration.

[0110] Starting from a planar substrate 40 as shown in
Figure 54, astack 60 is produced comprising a sequence
of layers on the planar substrate 40 as shown in Figure
55. The sequence of layers comprises in order from the
planar substrate 40 outwards: a lower sacrificial layer 76,
a lower etch barrier 44, a lower capping film 47, at least
one membrane layer 42, an upper capping film 48, and
an upper etch barrier 46. Example compositions for the
lower etch barrier 44, lower capping film 47, at least one
membrane layer 42, upper capping film 48 and upper
etch barrier 46 have been disclosed above.

[0111] In an embodiment the lower sacrificial layer 76
comprises silicon nitride. The method of depositing the
lower sacrificial layer 76 is not particularly limited. In an
embodiment the lower sacrificial layer 76 is applied to
the planar substrate 40 by chemical vapor deposition.
For example, in an embodiment the lower sacrificial layer
76 is applied by LPCDV or PECVD. Alternatively the low-
er sacrificial layer may be applied using a sputtering
method or by a thin filming method. The thickness of the
lower sacrificial layer 76 is not particularly limited. In an
embodiment the thickness of the lower sacrificial layer
76 is in the range of 10nm to 150nm, optionally in the
region of 100nm.

[0112] The stack 60 is processed further to form the
stack 60 shown in Figure 56. In an embodiment the
processing comprises multiple consecutive wet and dry
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etching steps, including top side protection, to etch away
the layers on the bottom of the stack 60 up to the planar
substrate 40. Subsequently, an etch barrier 56 (e.g. KOH
or TMAH etch barrier) is applied around the stack 60.
The etch barrier 56 on the bottom of the stack 56 is sub-
sequently patterned and processed to perform openings,
for example in a manner analogous to the process de-
scribed above with reference to Figures 7 and 8, to pro-
duce the stack 60 shown in Figure 56.

[0113] A protection layer 72 is then provided over the
top surface, over the side surfaces, and over a peripheral
portion of the bottom surface of the stack 60. The open-
ings formed by the patterning in the etch barrier 56 are
not covered by the protection layer 72. The protection
layer 72 is resistant to a removal process used for selec-
tively removing the inner region 61 and the first portion
63A of the bridge region 63 of the planar substrate 40
and may have any of the compositions for the protection
layer 72 described above (e.g. Parylene). Subsequently,
the removal process for selectively removing the inner
region 61 and the first portion 63A of the bridge region
63 of the planar substrate 40 is performed to produce the
membrane assembly shown in Figure 57.

[0114] Subsequently, the protection layer 72 is re-
moved. The protection layer 72 may be removed using
any of the methods for removing the protection layer 72
described above (e.g. intense oxygen plasmatreatment).
The membrane assembly 80 shown in Figure 58 is there-
by produced. The at least one membrane layer 42 in this
embodimentis supported symmetrically. The etch barrier
56 and upper etch barrier 46 are present on one side of
the at least one membrane layer 42. The lower sacrificial
layer 76 and lower etch barrier 44 are present on the
other side of the at least one membrane layer 42. The
etch barrier 56 may have the same composition and/or
thickness as the lower sacrificial layer 76. Additionally or
alternatively, the upper etch barrier 46 may have the
same composition and/or thickness as the lower etch bar-
rier 44. As described above, supporting the at least one
membrane layer 42 symmetrically desirably ensures that
the same or similar tensile or compressive forces are
applied to each side of the at least one membrane layer
42.

[0115] Subsequently, the lower sacrificial layer 76,
lower etch barrier 44, upper etch barrier 46, and etch
barrier 56, are removed (e.g. by wet etching) to form the
membrane assembly 80 shown in Figure 59.

[0116] Subsequently, the bridge of the membrane as-
sembly 80 shown in Figure 59 is broken to produce the
membrane assembly 80 shown in Figure 60.

[0117] In a variation on the processing described
above with reference to Figures 54-60, the removal of
the protection layer 72 may be performed after the bridge
of the membrane assembly 80 is broken. The protection
layer 72 may provide useful mechanical support to the
membrane layer 42 during the breaking of the bridge. In
an embodiment of this type, breaking of the bridge start-
ing from the arrangement of Figure 57 would provide the
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membrane assembly of Figure 68. Removal of the pro-
tection layer 72 (e.g. using intense oxygen plasma treat-
ment) provides the membrane assembly of Figure 69.
Subsequently, the lower sacrificial layer 76, lower etch
barrier 44, upper etch barrier 46, and the etch barrier 56
are removed (e.g. by wet etching) to form the membrane
assembly 80 shown in Figure 70.

[0118] In a further variation on the processing de-
scribed above with reference to Figures 54-60, the pro-
tection layer 72 is not used. In an embodiment of this
type, the stack 60 shown in Figure 56 is processed di-
rectly to selectively remove the inner region 61 and the
first portion 63A of the bridge region 63 of the planar
substrate 40, thereby producing the membrane 80 shown
in Figure 71. Subsequently, the bridge of the membrane
assembly 80 shown in Figure 71 is broken to produce
the membrane assembly 80 shown in Figure 72. Subse-
quently, the lower sacrificial layer 76, lower etch barrier
44, upper etch barrier 46, and the etch barrier 56 are
removed (e.g. by wet etching) to form the membrane as-
sembly 80 shown in Figure 73.

[0119] In the embodiments described above with ref-
erence to Figures 3-18 the bridge region 63 is only in-
completely removed by etching. This is not essential. The
embodiments may be adapted so that the removal proc-
ess for selectively removing portions of the planar sub-
strate 40 selectively removes the inner region 61 and all
ofthe bridge region 63, thereby removing an integral con-
nection between the border region 62 and the edge re-
gion 64 of the planar substrate 40. This approach does
not benefit from advantages associated with incomplete
removal of the bridge region 63 (discussed below). How-
ever, advantages associated with separating the edge
section from the border prior to removal of the protection
layer 72 are retained (where this is performed).

[0120] Example processing for manufacturing a mem-
brane assembly 80 in which all of the bridge region 63 is
removed is described with reference to Figures 43-46.
[0121] Starting from the arrangement shown in Figure
5, processing to form the arrangement shown in Figure
43 is performed. An etch barrier 56 is applied on the bot-
tom of the stack 60 (e.g. a KOH or TMAH etch barrier).
The etch barrier 56 is subsequently patterned and proc-
essed to perform openings, forexample inamanner anal-
ogous to the process described above with reference to
Figures 7 and 8, except that in this embodiment the
processing also removes the upper etch barrier 46. A
protection layer 72 is then provided to form the stack 60
shown in Figure 43. The protection layer 72 is provided
over the top surface, over the side surfaces, and over a
peripheral portion of the bottom surface of the stack 60,
as shown in Figure 43. The openings formed by the pat-
terning in the etch barrier 56 are not covered by the pro-
tection layer 72. The protection layer 72 is resistant to a
removal process used for selectively removing the inner
region 61 and all of the bridge region 63 of the planar
substrate 40 and may have any of the compositions for
the protection layer 72 described above (e.g. Parylene).
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[0122] The removal process for selectively removing
the inner region 61 and all of the bridge region 63 of the
planar substrate 40 is then applied. The lower etch barrier
44 on the bottom side of the membrane layer 42 is also
removed (e.g. using wet etching) to form the membrane
assembly 80 shown in Figure 44.

[0123] Subsequently, the edge region 64 is separated
from the border region 62 to produce the membrane as-
sembly 80 shown in Figure 45. The protection layer 72
provides mechanical support during this process.
[0124] Subsequently, the protection layer 72 is re-
moved. The protection layer 72 may be removed using
any of the methods for removing the protection layer 72
described above (e.g. intense oxygen plasmatreatment).
The membrane assembly 80 shown in Figure 46 is there-
by produced.

[0125] Alternative example processing for manufactur-
ing a membrane assembly 80 in which all of the bridge
region 63 is removed is described with reference to Fig-
ures 47-50.

[0126] Starting from the arrangement shown in Figure
5, processing to form the arrangement shown in Figure
47 is performed. An etch barrier 56 is applied on the bot-
tom of the stack 60 (e.g. a KOH or TMAH etch barrier).
The etch barrier 56 is subsequently patterned and proc-
essed to perform openings, for example inamanner anal-
ogous to the process described above with reference to
Figures 7 and 8. A protection layer 72 is then provided
to form the stack 60 shown in Figure 47. The protection
layer 72 is provided over the top surface, over the side
surfaces, and over a peripheral portion of the bottom sur-
face ofthe stack 60, as shown in Figure 47. The openings
formed by the patterning in the etch barrier 56 are not
covered by the protection layer 72. The protection layer
72 is resistant to a removal process used for selectively
removing the inner region 61 and all of the bridge region
63 of the planar substrate 40 and may have any of the
compositions for the protection layer72 described above
(e.g. Parylene).

[0127] The removal process for selectively removing
the inner region 61 and all of the bridge region 63 of the
planar substrate 40 is then performed. The lower etch
barrier 44 on the bottom side of the membrane layer 42
is also removed (e.g. using wet etching).

[0128] Subsequently, the protection layer 72 is re-
moved to provide the membrane assembly 80 shown in
Figure 48. The protection layer 72 may be removed using
any of the methods for removing the protection layer 72
described above (e.g. intense oxygen plasmatreatment).
[0129] Subsequently, the edge region 64 is separated
from the border region 62 to produce the membrane as-
sembly 80 shown in Figure 49. The separation of the
edge region 64 may also be referred to as removal of the
edge region.

[0130] Subsequently, the upper etch barrier 46 is re-
moved (e.g. by wet etching) to produce the membrane
assembly 80 shown in Figure 50.Figures 19-26 depict
stages in a method according to an alternative embodi-
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ment. The embodiment is similar to the embodiments
described above with reference to Figures 3-18 in that
the separation of the edge region 64 of the planar sub-
strate 40 is achieved by selectively removing a first por-
tion 63A of a bridge region 63 while not removing a sec-
ond portion 63B above the first portion 63A. The bridge
formed from the second portion 63B is subsequently bro-
ken by applying a mechanical stress or by using a laser.
[0131] The method may begin using a planar substrate
40 as described above with reference to Figure 3. The
planar substrate 40 may be processed subsequently to
form a stack 60 comprising a sequence of layers on the
planar substrate 40 as shown in Figure 19. The sequence
of layers comprises in order from the planar substrate 40
outwards: a lower sacrificial layer 76, a lower etch barrier
44, at least one membrane layer 42, and an upper etch
barrier 46. The lower etch barrier 44, at least one mem-
brane layer 42 and upper etch barrier 46 may be formed
forexample as described above with reference to Figures
3-18. The stack 60 may optionally further comprise either
or both of a lower capping film 47 and an upper capping
film 48 around the at least one membrane layer 42, op-
tionally formed as described above with reference to Fig-
ures 3-18.

[0132] Example characteristics of the lower sacrificial
layer 76 have been described above.

[0133] The stack 60 is processed further to form the
stack 60 shown in Figure 20. The processing may com-
prise multiple consecutive wet and dry etching steps, in-
cluding top side protection, to etch away the layers on
the bottom of the stack 60.

[0134] The stack 60 is processed further to form a pro-
tection layer 72 around the stack 60. The protection layer
72 may be formed for example as described above with
reference to Figure 9. A patterned KOH or TMAH etch
barrier 56 is then formed on the bottom of the stack 60
to form the stack 60 depicted in Figure 21. The processing
may for example comprise use of a mask and photoresist
layer, followed by developing, stripping, and dry and wet
etching, as described above with reference to Figures 7
and 8.

[0135] Figure 21 depicts inner regions 61, border re-
gions 62, bridge regions 63, and an edge region 64 of
the planar substrate 40.

[0136] The removal process for selectively removing
the inner regions 61 and the first portions 63A of the
bridge regions 63 of the planar substrate 40 is applied to
form the membrane assembly 80 shown in Figure 22.
The removal process may be carried out for example as
described above with reference to Figure 10.

[0137] The protection layer 72 is removed to form the
membrane assembly 80 shown in Figure 23. The protec-
tion layer 72 may be removed for example as described
above with reference to Figure 12. Figure 24 is a bottom
view of the membrane assembly 80 of Figure 23.
[0138] In this embodiment the planar substrate 40 is
configured to provide plural membrane assemblies 80.
An example layout for the plural membrane assemblies
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80 can be seen in Figure 24. In this schematic example,
ten regions are shown where the lower etch barrier 44 is
visible due to removal of ten corresponding inner regions
61. Each of the ten regions is surrounded by a border
formed from a border region 62. Each border is surround-
ed (in the view of Figure 24) by a closed loop formed by
the remaining second portion 63B of the bridge region
63 of the planar substrate 40. All of the second portions
63A are in turn surrounded by the edge section formed
by the edge region 64 of the planar substrate 40.
[0139] It is not essential for plural membrane assem-
blies 80 to be formed from the planar substrate 40 ac-
cording to this embodiment. The method may be adapted
to form only a single membrane assembly 80. It is also
not essential for the methods described above with ref-
erence to Figures 3 to 18 to form only a single membrane
assembly 80 from the planar substrate 40. Those meth-
ods may be adapted to form pluralmembrane assemblies
80.

[0140] The membrane assembly 80 shown in Figures
23 and 24 is processed to form plural membrane assem-
blies 80 by removing the lower etch barrier 44 and upper
etch barrier 46 and breaking the bridges separating the
individual membrane assemblies 80 along lines 78 (see
Figure 25). The edge section is thereby separated from
each of the borders. Figure 26 shows as an example two
membrane assemblies 80 formed after breaking along
the lines 78 shown in Figure 25. The bridges may be
broken for example as described above with reference
to Figure 11.

[0141] According to the above embodiment the mem-
brane assemblies 80 are separated relatively late, after
removal of all layers in the membrane 70 except the at
least one membrane layer 42 and, where provided, the
lower capping film 47 and the upper capping film 48. This
approach enables a large proportion of the manufactur-
ing process to be perform using handling apparatus suit-
able for handling objects of the same size as the original
planar substrate 40. This reduces cost where the original
planar substrate 40 is a standard silicon wafer size.
[0142] In contrast to the methods described with ref-
erence to Figures 3-18, in the present embodiment the
separation of the edge section from the borders is per-
formed after removing the protection layer 72. This is not
essential. The method may be adapted to perform the
separation before removing the protection layer 72. An
advantage of performing the separation prior to removing
the protection layer 72 is that any debris or flakes pro-
duced by the separation process will be deposited on the
protection layer 72 rather than on the at least one mem-
brane layer 42. The debris or flakes may therefore be
more easily removed. An advantage of performing the
separation after removing the protection layer 72 is that
the separation may be performed more easily because
it is not necessary to cut through or break the protection
layer 72. The absence of the protection layer 72 at this
stage may reduce the amount of debris or flakes that
is/are produced.
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[0143] The inventors have found that forming a mem-
brane assembly 80 using a bridge in which the planar
substrate 40 is not completely etched through (e.g. such
that a second portion 63B of the bridge region 63 re-
mains) reduces a fragility at the edges of the membrane
assembly 80 and reduces or avoids generation of debris
or flakes. It is believed the reduction in fragility is related
to reducing a thinning of material of the planar substrate
40 where the side surfaces of the planar substrate 40
meet the top surface of the planar substrate 40. Etching
tends to progress at an oblique angle relative to the ver-
tical direction (e.g. about 54 degrees). When the etching
is allowed to progress completely through the planar sub-
strate 40, the oblique angle provides a thin, wedge-like
shape where the side surfaces meet the top surface.
Where the bridge is not completely etched through, this
thinning is reduced or avoided. For example, where
breaking of the bridge involves splitting along a near ver-
tical line, the side surfaces meet the top surface at ap-
proximately 90 degrees and no thinning occurs (except
the thinning associated with the removal of the first por-
tion 63A of the bridge region 63).

[0144] Figures27-33 depictstagesin amethod of man-
ufacturing a membrane assembly 80 according to an al-
ternative embodiment. In this embodiment a stack 60 is
provided. The stack 60 comprises a planar substrate 40
and at least one membrane layer 42. A sequence of lay-
ers may be provided in order from the planar substrate
40 outwards: a lower sacrificial layer 76, a lower etch
barrier 44, at least one membrane layer 42, and an upper
etch barrier 46. The lower etch barrier 44, at least one
membrane layer 42 and upper etch barrier 46 may be
formed for example as described above with reference
to Figures 3-18. The stack 60 may optionally further com-
prise either or both of a lower capping film 47 and an
upper capping film 48 around the at least one membrane
layer 42, optionally formed as described above with ref-
erence to Figures 3-18.

[0145] The planar substrate 40 comprises an inner re-
gion 61, a border region 62 around the inner region 61,
a bridge region 63 around the border region 62 and an
edge region 64 around the border region 63.

[0146] A first protection layer 72A is provided over at
least a top surface of the stack 60. The atleast one mem-
brane layer 42 is between the first protection layer 72A
and the planar substrate 40. The first protection layer
72A is also provided over side surfaces of the stack 60.
An example of such an arrangement is shown in Figure
27. The first protection layer 72A may have the same
composition for example as the protection layer 72 de-
scribed above with reference to Figures 3-26. In an em-
bodiment the first protection layer 72A comprises silicon
nitride. The silicon nitride may be deposited using LPCVD
or PECVD. The thickness of the silicon nitride may be in
the range of 10nm to 150nm, optionally in the region of
100nm.

[0147] A first removal process is applied to the stack
60 and first protection layer 72A to selectively remove at
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least a portion of the bridge region 63 of the planar sub-
strate 40. An integral connection between the border re-
gion 62 and the edge region 64 is thereby thinned or
removed. The first protection layer 72A is resistant to the
first removal process. The first removal process may be
the same as, or different from, the removal process for
removing the protection layer 72 described above with
reference to Figures 3-26.

[0148] In an embodiment the first removal process
comprises forming a patterned KOH or TMAH etch bar-
rier 56 on the bottom of the stack 60 to form the stack 60
depicted in Figure 27. The processing may for example
comprise use of a mask and photoresist layer, followed
by developing, stripping, and dry and wet etching, as de-
scribed above with reference to Figures 7 and 8.
[0149] Figure 28 is a schematic bottom view of the
stack 60 shown in Figure 27. Plural regions 56, which
each protect an overlying inner region 61 and border re-
gion 62, are each surrounded by a narrow gap 57 defining
where an etchant can access and at least partially re-
move a bridge region 63. After the at least partial removal
of the bridge region 63 the edge region 64 and layers
formed on the edge region 64 can be removed, thereby
forming a plurality of separated stacks 61. It is not es-
sential for plural separated stacks 61 to be produced. In
other embodiments the initial planar substrate 40 may
yield only a single stack 60 after removal of the edge
region 64 (e.g. by cutting through or breaking any remain-
ing portion of the bridge region 63 and layers formed on
the bridge region 63) and layers formed on the edge re-
gion 46 (e.g. where the size of the membrane assembly
80 to be formed is relatively large, for example of a similar
order of size to the initial planar substrate 40).

[0150] Figure 29 shows one of the separated stacks
61 after application of a second protection layer 72B over
at least side surfaces of the substrate assembly after
removal of the edge region 64. The combination of any
remaining portions of the first protection layer 72A to-
gether with the second protection layer 72B fully encap-
sulate the separated stack 61 at this stage. Figure 29
includes dot chain lines to show locations of the inner
region 61 and border region 62 within the planar substrate
40. The second protection layer 72B may have the same
composition as, or a different composition to, the first
protection layer 72A. In an embodiment the second pro-
tection layer 72B comprises silicon nitride. The silicon
nitride may be deposited using LPCVD or PECVD. The
thickness of the silicon nitride may be in the range of
10nm to 150nm, optionally in the region of 100nm.
[0151] A second removal process is applied to selec-
tively remove the inner region 61. The second protection
layer 72B is resistant to the second removal process.
The selective removal may be achieved by selectively
removing the first or second protection layer 72A, 72B
so as to form an opening 73 in the first or second protec-
tion layer 72A, 72B as shown in Figure 30. In an embod-
iment the opening 73 is formed using lithography and a
dry etch. The second removal process may be the same
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as, or different to, the first removal process. In an em-
bodiment, the second removal process comprises a KOH
or TMAH etch.

[0152] Removal of the inner region 61 forms a mem-
brane assembly 80. An example of such a membrane
assembly 80 is shown in Figure 31. The membrane as-
sembly 80 comprises a membrane 70 formed from the
at least one membrane layer 42. The membrane assem-
bly 80 further comprises a border holding the membrane
70. The border is formed from the border region 62 of
the planar substrate 40.

[0153] The membrane assembly 80 may be further
processed to remove the first and second protection lay-
ers 72A, 72B (see Figure 32). The first and second pro-
tection layers 72A and 72B may be removed using a wet
etch for example.

[0154] The membrane assembly 80 may be further
processed to remove the lower etch barrier 44 and the
upper etch barrier 46 (see Figure 33). The lower etch
barrier 44 and upper etch barrier 46 may be removed
using a wet etch for example.

[0155] The membrane assembly 80 may be further
processed to remove any remaining sacrificial layers
(e.g. amorphous silicon layers). The remaining sacrificial
layers may be removed using a wet etch for example.
[0156] In embodiments of the type shown in Figures
27-33 individual membrane assemblies 80 can be sep-
arated out (e.g. cut out) from the planar substrate 40 us-
ing etching. Itis easier to provide smooth side walls using
etching than using alternative separation processes such
as laser cutting. Providing smoother side walls facilitates
efficientandreliable application of protection layers (such
as the second protection layer 72B).

[0157] Figures 34-39 depict stagesin a method of man-
ufacturing a membrane assembly 80 according to an al-
ternative embodiment. In this embodiment a stack 60 is
provided. The stack 60 comprises a planar substrate 40
and at least one membrane layer 42. A sequence of lay-
ers may be provided in order from the planar substrate
40 outwards: a lower sacrificial layer, a lower etch barrier
44, at least one membrane layer 42, and an upper etch
barrier 46. The lower etch barrier 44, at least one mem-
brane layer 42 and upper etch barrier 46 may be formed
forexample as described above with reference to Figures
3-18. The stack 60 may optionally further comprise either
or both of a lower capping film 47 and an upper capping
film 48 around the at least one membrane layer 42, op-
tionally formed as described above with reference to Fig-
ures 3-18. The bottom side of the stack 60 is etched away
up to a bottom side of the planar substrate 40. The
processing may comprise multiple consecutive wet and
dry etching steps including top side protection to etch
away the layers on the bottom of the stack 60. The stack
60 may be formed for example as described above with
reference to Figure 5 or Figure 20.

[0158] Inanembodiment the stack 60 is encapsulated
with an etch resistant coating 82. The etch resistant coat-
ing 82 is patterned on a bottom side of the stack 60 to
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define regions of the stack 60 that are protected from an
etch removal process and regions of the stack 60 that
are not protected from the etch removal process. The
processing may for example comprise use of a mask and
photoresist layer, followed by developing, stripping, and
dry and wet etching, as described above with reference
to Figures 7 and 8. In an embodiment the etch removal
process is a KOH or TMAH etch and the etch resistant
coating 82 has the same composition as the KOH or
TMAH etch barrier 56 described above. In an embodi-
ment the etch resistant coating 82 comprises silicon ni-
tride. In an embodiment a nitride dry etch is applied to
form the patterning on the bottom side of the stack 60.
[0159] A mechanical polishing step is applied to a re-
gion on a top side of the stack 60 above the inner region
61, border region 62 and bridge region 63 of the planar
substrate 40 to remove a first portion of the etch resistant
coating 82. Mechanical polishing steps may be more ef-
fective for removing relatively large debris or flakes, in
comparison with etching alone. An etching process ef-
fective for etching the etch resistant layer 82 is applied
subsequently to the region on the top side of the stack
60 above the innerregion 61, border region 62 and bridge
region 63 of the planar substrate 40 to remove a second
portion of the etch resistant coating 82. The second por-
tion was below the first portion. The resulting arrange-
ment is shown in Figure 34. Opening 84 in the etch re-
sistant coating 82 is where the first portion and second
portion of the etch resistant coating 82 were located prior
to being removed.

[0160] A protection layer 72 is applied subsequently to
the stack 60 on at least the top of the stack 60, and op-
tionally the side surfaces of the stack 60 (see Figure 35).
The protection layer 72 may have a composition for ex-
ample as described above with reference to Figures 3-26.
[0161] A removal process is applied to selectively re-
move the inner region 61 and at least a portion of the
bridge region 63, thereby thinning or removing an integral
connection between the border region 62 and the edge
region 64 of the planar substrate 40 to form the mem-
brane assembly 80 shown in Figure 36. The removal
process may comprise a KOH or TMAH etch forexample.
The protection layer 72 provides mechanical strength
sufficient to allow cleaning processes to be applied more
easily and/or with less risk of breakage of the stack or
generation of debris or flakes.

[0162] In a subsequent step the protection layer 72 is
removed to provide the arrangement shown in Figure 37.
The lower etch barrier 44 and the upper etch barrier 46
are resistant to the removal process used to remove the
protection layer 72 and protect the atleastone membrane
layer 42 from damage by the removal process.

[0163] In a subsequent step, the edge section is sep-
arated from the border by cutting or breaking the bridge,
to provide the arrangement shown in Figure 38. The re-
moval of the first portion and second portion of the etch
resistant coating 82 above the inner region 61, border
region 62 and bridge region 63 facilitates cutting or break-
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ing the bridge and reduces generation of debris or flakes
at this stage.

[0164] In a subsequent step the lower etch barrier 44
and upper etch barrier 46 are removed to provide the
membrane assembly 80 shown in Figure 39.

[0165] Figures 61-67 depict further alternative
processing flows for manufacturing a membrane assem-
bly 80. As shown for example in Figures 61 and 64, in
embodiments of this type a stack 60 is provided compris-
ing a planar substrate 40 and at least one membrane
layer 42. The planar substrate 40 comprises an inner
region 61, a border region 62 around the inner region 61,
and an edge region 64 around the border region 62.
[0166] Subsequently, the edge region 64 (and any lay-
ers formed on or under the edge region 64) may be re-
moved. This process may be referred to as dicing.
[0167] After the removal of the edge region 64, a pro-
tection layer 72 is applied over at least a top surface of
the stack, such that the at least one membrane layer 42
is between the protection layer 72 and the planar sub-
strate 40, and over side surfaces of the stack 60. A var-
iation on this method in which the protection layer 72 is
applied before removal of the edge region is described
above with reference to Figures 47-50.

[0168] Subsequently, aremoval process is used to se-
lectively remove the innerregion 61. The protection layer
72 is resistant to the removal process. Examples of the
result of processing to this stage are shown in Figures
62 and 65.

[0169] Subsequently, the protection layer 72 is re-
moved to provide a membrane assembly 80 comprising
a membrane 70 formed from the at least one membrane
layer 42. The membrane assembly 80 comprises a bor-
der holding the membrane 70. The border is formed from
the borderregion 62 of the planar substrate 40. Examples
of the result of processing to this stage are shown in
Figures 63 and 67.

[0170] Further details about example processing flows
are now provided with reference to Figures 61-63 and
Figures 64-67. In both examples, the separation of the
inner region 61 and border region 62 of the planar sub-
strate 40 from the edge region 64 is performed while the
atleastone membrane layer 42 is surrounded above and
below by at least an upper etch barrier 46 and a lower
etch barrier 44. The at least one membrane layer 42 is
protected by the upper etch barrier 46 and the lower etch
barrier 44.

[0171] Starting from the arrangement shown in Figure
5, processing to form the stack 60 shown in Figure 61 is
performed. An etch barrier 56 is applied on the bottom
of the stack 60 (e.g. a KOH or TMAH etch barrier). The
etch barrier 56 is subsequently patterned and processed
to perform an opening, for example in a manner analo-
gous to the process described above with reference to
Figures 7 and 8.

[0172] Subsequently, the stack 60 is diced (shown by
dot-chain lines 114 in Figure 61) to separate the inner
region 61 and border region 62 of the planar substrate
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40 from the edge region 64. A protection layer 72 is then
provided over the top surface, over the side surfaces,
and over a peripheral portion of the bottom surface of the
stack 60. The opening formed by the patterning in the
etch barrier 56 is not covered by the protection layer 72.
The protection layer 72 is resistant to a removal process
used for selectively removing the inner region 61 of the
planar substrate 40 and may have any of the composi-
tions for the protection layer 72 described above (e.g.
Parylene). The removal process for selectively removing
the inner region 61 of the planar substrate 40 is then
applied. The lower etch barrier 44 on the bottom side of
the membrane layer 42 is also removed (e.g. using wet
etching). The membrane assembly 80 shown in Figure
62 is thereby provided.

[0173] Subsequently, the protection layer 72 is re-
moved. The protection layer 72 may be removed using
any of the methods for removing the protection layer 72
described above (e.g. intense oxygen plasmatreatment).
[0174] Subsequently, the upper etch barrier 46 is re-
moved (e.g. by wet etching) to produce the membrane
assembly 80 shown in Figure 63.

[0175] A variation on the method described with refer-
ence to Figures 61-63 is described below with reference
to Figures 64-67. In this variation, the processing de-
scribed above for forming the stack 60 shown in Figure
56 is varied so that the patterning of the etch barrier 56
has the same form as the patterning of the etch barrier
56 shown in Figure 61. The patterning thereby defines a
single opening for allowing removal of the inner region
61 of the planar substrate 40 rather than multiple open-
ings to allow also removal of all or part of a bridge region
63. The stack 60 shown in Figure 64 is thereby provided.
[0176] Subsequently, the stack 60 is diced (shown by
dot-chain lines 114 in Figure 64) to separate the inner
region 61 and border region 62 of the planar substrate
40 from the edge region 64. A protection layer 72 is then
provided over the top surface, over the side surfaces,
and over a peripheral portion of the bottom surface of the
stack 60. The opening formed by the patterning in the
etch barrier 56 is not covered by the protection layer 72.
The protection layer 72 is resistant to a removal process
used for selectively removing the inner region 61 of the
planar substrate 40 and may have any of the composi-
tions for the protection layer 72 described above (e.g.
Parylene). The removal process for selectively removing
the inner region 61 of the planar substrate 40 is then
performed. The membrane assembly 80 shown in Figure
65 is thereby provided.

[0177] Subsequently, the protection layer 72 is re-
moved to provide the membrane assembly 80 shown in
Figure 66. The protection layer 72 may be removed using
any of the methods for removing the protection layer 72
described above (e.g. intense oxygen plasmatreatment).
[0178] Subsequently, the lower sacrificial layer 76,
lower etch barrier 44, upper etch barrier 46, and the etch
barrier 56 are removed (e.g. by wet etching) to form the
membrane assembly 80 shown in Figure 67.
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[0179] Inanembodiment, the membrane assembly 80
can be used as a pellicle placed in front of the patterning
device MA and thus protect the patterning device MA.
An embodiment of the invention is expected to achieve
a reduction of fragility of a pellicle. An embodiment of the
invention is expected to make it easier to produce mem-
brane assemblies in high volume. An embodiment of the
invention is expected to enable the processing of a free
standing membrane integrated in a frame.

[0180] In an embodiment the membrane assembly 80
is configured to transmit at least 80%, optionally at least
90% of radiation having a wavelength of 13.5 nm. In an
embodiment the membrane assembly 80 is configured
to transmit less than 5% of DUV radiation (approximately
100-400 nm).

[0181] Although specificreference may be made in this
text to the use of lithographic apparatus in the manufac-
ture of ICs, it should be understood that the lithographic
apparatus described herein may have other applications,
such as the manufacture of integrated optical systems,
guidance and detection patterns for magnetic domain
memories, flat-panel displays, LCDs, thin-film magnetic
heads, etc.. The substrate referred to herein may be proc-
essed, before or after exposure, in for example a track
(atool that typically applies a layer of resist to a substrate
and develops the exposed resist), a metrology tool and/or
aninspection tool. Where applicable, the disclosure here-
in 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 lay-
ers.

[0182] While specific embodiments of the invention
have been described above, it will be appreciated that
the invention may be practiced otherwise than as de-
scribed. For example, the various lacquer layers may be
replaced by non-lacquer layers that perform the same
function.

The 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.

Claims

1. A method of manufacturing a membrane assembly
(80) for EUV lithography, comprising:

providing a stack (60) comprising a planar sub-
strate (40) and at least one membrane layer
(42), wherein the planar substrate (40) compris-
es an inner region (61), a border region (62)
aroundthe inner region (61), a bridge region (63)
around the border region (62) and an edge re-
gion (64) around the bridge region (63);
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selectively removing the inner region (61) and a
first portion (63A) of the bridge region (63) to
provide a membrane assembly comprising:

a membrane formed from the at least one
membrane layer (42);

a border holding the membrane, the border
formed from the border region (62) of the
planar substrate (40);

an edge section around the border, the edge
section formed from the edge region (64) of
the planar substrate (40); and

a bridge between the border and the edge
section, the bridge formed from the at least
one membrane layer (42) and a second por-
tion (63B) of the bridge region (63) of the
planar substrate (40); and

separating the edge section from the border by
cutting or breaking the bridge to provide a mem-
brane assembly (80) stripped of the edge sec-
tion.

2. Themethod of claim 1, wherein the stack (60) further
comprises:

a protection layer (72) over at least a top surface
of the stack (60), such thatthe atleast one mem-
brane layer (42) is between the protection layer
(72) and the planar substrate (40), and over side
surfaces of the stack (60), the protection layer
(72) being resistant to a removal process used
for selectively removing the inner region (61)
and the first portion (63A) of the bridge region
(63);

an upper etch barrier (46) between the at least
one membrane layer (42) and the protection lay-
er (72) and a lower etch barrier (44) between
the at least one membrane layer (42) and the
planar substrate (40), wherein:

the method further comprises removing the pro-
tection layer (72) after the inner region (61) and
the first portion (63A) of the bridge region (63)
have been removed and at least the upper etch
barrier (46) is resistant to a removal process
used to remove the protection layer (72).

3. The method of claim 2, further comprising removing
the protection layer (72) and a portion of the upper
etch barrier (46) and a portion of the lower etch bar-
rier (44) that together sandwich a portion of the at
least one membrane layer (42).

4. A method of manufacturing a membrane assembly
(80) for EUV lithography, comprising:

providing a stack (60) comprising a planar sub-
strate (40) and at least one membrane layer
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(42), wherein the planar substrate (40) compris-
es an inner region (61), a border region (62)
around the innerregion (61), a bridge region (63)
around the border region (62) and an edge re-
gion (64) around the border region (62);
applying a first protection layer (72) over at least
a top surface of the stack (60), such that the at
least one membrane layer (42) is between the
first protection layer (72) and the planar sub-
strate (40), and over side surfaces of the stack
(60);

applying afirst removal process to the stack (60)
and first protection layer (72A) to selectively re-
move at least a portion of the bridge region (63)
of the planar substrate (40), thereby thinning or
removing an integral connection between the
border region (62) and the edge region (64) of
the planar substrate (40), the first protection lay-
er (72A) being resistant to the first removal proc-
ess;

removing an edge section formed from the edge
region (64) of the planar substrate (40) and re-
moving layers formed on the edge region (64);
applying a second protection layer (72B) over
at least side surfaces of the substrate assembly
after removal of the edge region (64);

applying a second removal process to selective-
ly remove the inner region (61), the second pro-
tection layer (72B) being resistant to the second
removal process, to provide a membrane as-
sembly (80) stripped of the edge section, which
membrane assembly (80) comprises:

a membrane formed from the at least one
membrane layer (42); and

a border holding the membrane, the border
formed from the border region (62) of the
planar substrate (40).

The method of claim 4, wherein:

the stack (60) further comprises an upper etch
barrier (46) and a lower etch barrier (44), the at
least one membrane layer (42) being located
between the upper etch barrier (46) and the low-
er etch barrier (44); and

the method further comprises removing the sec-
ond protection layer (72) after the inner region
(61) has been removed and at least the upper
etchbarrier (46)is resistantto aremoval process
used to remove the second protection layer (72).

6. A method of manufacturing a membrane assembly
(80) for EUV lithography, comprising:

providing a stack (60) comprising a planar sub-
strate (40), at least one membrane layer (42)
and a protection layer (72), the atleast one mem-
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7.

8.

brane layer (42) being between the protection
layer (72) and the planar substrate (40), wherein
the planar substrate (40) comprises an inner re-
gion (61), a border region (62) around the inner
region (61), a bridge region (63) around the bor-
der region (62) and an edge region (64) around
the bridge region (63);

using a removal process to selectively remove
the inner region (61) and at least a portion of the
bridge region (63), thereby thinning or removing
an integral connection between the border re-
gion (62) and the edge region (64) of the planar
substrate (40), the protection layer (72) being
resistant to the removal process; and
separating an edge section formed from the
edge region (64) of the planar substrate (40) and
separating layers formed on the edge region
(64), from the substrate assembly and, subse-
quently, removing the protection layer (72), to
provide a membrane assembly (80) stripped of
the edge section, which membrane assembly
(80) comprises:

a membrane formed from the at least one
membrane layer (42); and

a border holding the membrane, the border
formed from the border region (62) of the
planar substrate (40).

The method of claim 6, wherein the stack (60) further
comprises an upper etch barrier (46) between the at
least one membrane layer (42) and the protection
layer (72) and a lower etch barrier (44) between the
atleast one membrane layer (42) and the planar sub-
strate (40), wherein at least the upper etch barrier
(46)isresistantto a removal process used to remove
the protection layer (72).

A method of manufacturing a membrane assembly
(80) for EUV lithography, comprising:

providing a stack (60) comprising a planar sub-
strate (40) and at least one membrane layer
(42), wherein the planar substrate (40) compris-
es an inner region (61), a border region (62)
around the inner region (61), and an edge region
(64) around the border region (62);

removing an edge section formed from the edge
region (64) of the planar substrate (40) and re-
moving layers formed on the edge region (64);
applying a protection layer (72) over at least a
top surface of the stack (60), such that the at
least one membrane layer (42) is between the
protection layer (72) and the planar substrate
(40), and over side surfaces of the stack (60);
using a first removal process to selectively re-
move the inner region (61), the protection layer
(72) being resistant to the first removal process;
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and

using a second removal process to remove the
protection layer (72), to provide a membrane as-
sembly (80) stripped of the edge section, which
membrane assembly (80) comprises:

a membrane formed from the at least one
membrane layer (42); and

a border holding the membrane, the border
formed from the border region (62) of the
planar substrate (40).

The method of claim 8, wherein the stack (60) further
comprises an upper etch barrier (46), the protection
layer (72) being applied such that the upper etch
barrier (46) is between the at least one membrane
layer (42) and the protection layer (72), and a lower
etch barrier (44) between the at least one membrane
layer (42) and the planar substrate (40), wherein at
least the upper etch barrier (46) is resistant to the
second removal process used to remove the protec-
tion layer (72).

10. A method of manufacturing a membrane assembly

(80) for EUV lithography, comprising:

providing a stack (60) comprising a planar sub-
strate (40) and at least one membrane layer
(42), wherein the planar substrate (40) compris-
es an inner region (61), a border region (62)
around the inner region (61), a bridge region (63)
around the border region (62) and an edge re-
gion (64) around the bridge region (63);
encapsulating the stack (60) with an etch resist-
ant coating (82) and patterning the etch resistant
coating (82) on a bottom side of the stack (60)
to define regions of the stack (60) that are pro-
tected by the etch resistant coating (82) and re-
gions of the stack (60) that are not protected by
the etch resistant coating (82);

applying a mechanical polishing process to a
region on a top side of the stack (60) above the
inner region (61), border region (62) and bridge
region (63) of the planar substrate (40) to re-
move a first portion of the etch resistant coating
(82);

applying an etching process effective to etch the
etch resistant coating (82) to the region on the
top side of the stack (60) above the inner region
(61), border region (62) and bridge region (63)
of the planar substrate (40) to remove a second
portion of the etch resistant coating (82);
applying a protection layer (72) covering at least
the top side of the stack (60); and

using a removal process to selectively remove
the inner region (61) and at least a portion of the
bridge region (63), thereby thinning or removing
an integral connection between the border re-
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1.

12.

13.

14.

15.

40

gion (62) and the edge region (64) of the planar
substrate (40), to provide a membrane assem-
bly comprising:

a membrane formed from the at least one
membrane layer (42);

a border holding the membrane, the border
formed from the border region (62) of the
planar substrate (40);

an edge section around the border, the edge
section formed from the edge region (64) of
the planar substrate (40); and

a bridge between the border and the edge
section, the bridge formed from the at least
one membrane layer (42) and any remain-
ing portion of the bridge region (63) of the
planar substrate (40); and

separating the edge section from the border by
cutting or breaking the bridge to provide a mem-
brane assembly (80) stripped of the edge sec-
tion.

The method of claim 10, wherein:

the stack (60) further comprises an upper etch
barrier (46) and a lower etch barrier (44), the at
least one membrane layer (42) being located
between the upper etch barrier (46) and the low-
er etch barrier (44); and

the method further comprises removing the pro-
tection layer (72) after the inner region (61) has
beenremoved and atleast the upper etch barrier
(46) is resistant to a removal process used to
remove the protection layer (72).

A membrane assembly (80) stripped of its edge sec-
tion, which membrane assembly (80) is obtained by
the manufacturing method of any of the preceding
claims.

The membrane assembly (80) according to claim 12,
wherein the membrane assembly (80) is for a pat-
terning device (MA) or a dynamic gas lock.

A lithographic apparatus (100) comprising:

a patterning device (MA) configured to impart a
pattern to a beam of radiation; and

a pellicle comprising a membrane assembly (80)
stripped of its edge section, which membrane
assembly (80) is manufactured by the method
of any of claims 1-11 and configured to protect
the patterning device (MA).

A device manufacturing method using the litho-
graphic apparatus (100) of claim 14 to manufacture
a device using lithography.
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Patentanspriiche schicht (42) und dem planaren Substrat (40),
wobei:

1. EinVerfahren zum Herstellen einer Membrananord- das Verfahren ferner das Entfernen der Schutz-

nung (80) fir EUV-Lithographie, das Folgendes be- schicht (72) nach dem Entfernen des Innenbe-

inhaltet: 5 reichs (61) und des ersten Teilabschnitts (63A)

Bereitstellen eines Stapels (60), der ein plana-
res Substrat (40) und mindestens eine Memb-
ranschicht (42) beinhaltet, wobei das planare
Substrat (40) einen Innenbereich (61), einen
Einfassungsbereich (62) um den Innenbereich
(61), einen Bruickenbereich (63) um den Einfas-
sungsbereich (62) und einen Randbereich (64)
um den Briickenbereich (63) beinhaltet;

selektives Entfernen des Innenbereichs (61)
und eines ersten Teilabschnitts (63A) des Bri-
ckenbereichs (63), um eine Membrananord-
nung bereitzustellen, die Folgendes beinhaltet:

eine aus der mindestens einen Membran-
schicht (42) gebildete Membran;

eine die Membran haltende Einfassung,
wobei die Einfassung aus dem Einfas-
sungsbereich (62) des planaren Substrats
(40) gebildet ist;

einen Randabschnitt um die Einfassung,
wobei der Randabschnitt aus dem Randbe-
reich (64) des planaren Substrats (40) ge-
bildet ist; und

eine Briicke zwischen der Einfassung und
dem Randabschnitt, wobei die Briicke aus
der mindestens einen Membranschicht (42)
und einem zweiten Teilabschnitt (63B) des
Briickenbereichs (63) des planaren Subst-
rats (40) gebildet ist; und

Trennen des Randabschnitts von der Einfas-
sung durch Schneiden oder Brechen der Brii-
cke, um eine Membrananordnung (80) bereitzu-
stellen, von der der Randabschnitt abgeldst ist.

2. Verfahrengemaf Anspruch 1, wobei der Stapel (60)
ferner Folgendes beinhaltet:

eine Schutzschicht (72) Uber mindestens einer
oberen Oberflache des Stapels (60), sodass die
mindestens eine Membranschicht (42) zwi-
schen der Schutzschicht (72) und dem planaren
Substrat (40) liegt, und Uiber Seitenoberflachen
des Stapels (60), wobei die Schutzschicht (72)
gegenuber einem Entfernungsprozess, der zum
selektiven Entfernen des Innenbereichs (61)
und des ersten Teilabschnitts (63A) des Bri-
ckenbereichs (63) verwendet wird, resistent ist;
eine obere Atzbarriere (46) zwischen der min-
destens einen Membranschicht (42) und der
Schutzschicht (72) und eine untere Atzbarriere
(44) zwischen der mindestens einen Membran-
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des Briickenbereichs (63) beinhaltet und min-
destens die obere Atzbarriere (46) gegeniiber
einem Entfernungsprozess, der zum Entfernen
der Schutzschicht (72) verwendet wird, resistent
ist.

Verfahren gemafR Anspruch 2, das ferner das Ent-
fernen der Schutzschicht (72) und eines Teilab-
schnitts der oberen Atzbarriere (46) und eines Teil-
abschnitts der unteren Atzbarriere (44), die zusam-
men einen Teilabschnitt der mindestens einen Mem-
branschicht (42) zwischen sich einschlielen, bein-
haltet.

Ein Verfahren zum Herstellen einer Membrananord-
nung (80) fir EUV-Lithographie, das Folgendes be-
inhaltet:

Bereitstellen eines Stapels (60), der ein plana-
res Substrat (40) und mindestens eine Memb-
ranschicht (42) beinhaltet, wobei das planare
Substrat (40) einen Innenbereich (61), einen
Einfassungsbereich (62) um den Innenbereich
(61), einen Briickenbereich (63) um den Einfas-
sungsbereich (62) und einen Randbereich (64)
um den Einfassungsbereich (62) beinhaltet;
Aufbringen einer ersten Schutzschicht (72) tber
mindestens einer oberen Oberflaiche des Sta-
pels (60), sodass die mindestens eine Memb-
ranschicht (42) zwischen der ersten Schutz-
schicht (72) und dem planaren Substrat (40)
liegt, und Uber Seitenoberflaichen des Stapels
(60);

Anwenden eines ersten Entfernungsprozesses
auf den Stapel (60) und die erste Schutzschicht
(72A) zum selektiven Entfernen mindestens ei-
nes Teilabschnitts des Briickenbereichs (63)
des planaren Substrats (40), wodurch eine inte-
grale Verbindung zwischen dem Einfassungs-
bereich (62) und dem Randbereich (64) des pla-
naren Substrats (40) diinner gemacht oder ent-
fernt wird, wobei die erste Schutzschicht (72A)
gegenuber dem ersten Entfernungsprozess re-
sistent ist;

Entfernen eines Randabschnitts, der aus dem
Randbereich (64) des planaren Substrats (40)
gebildet ist, und Entfernen von Schichten, die
auf dem Randbereich (64) gebildet sind;
Aufbringen einer zweiten Schutzschicht (72B)
Uber mindestens Seitenoberflachen der Subst-
ratanordnung nach dem Entfernen des Rand-
bereichs (64);

Anwenden eines zweiten Entfernungsprozes-
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ses zum selektiven Entfernen des Innenbe-
reichs (61), wobei die zweite Schutzschicht
(72B) gegenliber dem zweiten Entfernungspro-
zess resistent ist, um eine Membrananordnung

planaren Substrats (40) gebildeten
Randabschnitts und Trennen von auf dem
Randbereich (64) gebildeten Schichten von der

23

Substratanordnung und anschlieRend Entfer-
nen der Schutzschicht (72), um eine Membran-
anordnung (80) bereitzustellen, von der der
Randabschnitt abgeldst ist, wobei die Membra-

(80) bereitzustellen, von der der Randabschnitt 5 nanordnung (80) Folgendes beinhaltet:
abgel6stist, wobei die Membrananordnung (80)
Folgendes beinhaltet: eine aus der mindestens einen Membran-
schicht (42) gebildete Membran; und
eine aus der mindestens einen Membran- eine die Membran haltende Einfassung,
schicht (42) gebildete Membran; und 10 wobei die Einfassung aus dem Einfas-
eine die Membran haltende Einfassung, sungsbereich (62) des planaren Substrats
wobei die Einfassung aus dem Einfas- (40) gebildet ist.
sungsbereich (62) des planaren Substrats
(40) gebildet ist. Verfahren gemaf Anspruch 6, wobei der Stapel (60)
15 ferner eine obere Atzbarriere (46) zwischen der min-
5. Verfahren gemafR Anspruch 4, wobei: destens einen Membranschicht (42) und der Schutz-
schicht (72) und eine untere Atzbarriere (44) zwi-
der Stapel (60) ferner eine obere Atzbarriere schen der mindestens einen Membranschicht (42)
(46) und eine untere Atzbarriere (44) beinhaltet, und dem planaren Substrat (40) beinhaltet, wobei
wobei die mindestens eine Membranschicht 20 mindestens die obere Atzbarriere (46) gegeniiber ei-
(42) zwischen der oberen Atzbarriere (46) und nem Entfernungsprozess, der zum Entfernen der
der unteren Atzbarriere (44) befindlich ist; und Schutzschicht (72) verwendet wird, resistent ist.
das Verfahren ferner das Entfernen der zweiten
Schutzschicht (72) nach dem Entfernen des In- Ein Verfahren zum Herstellen einer Membrananord-
nenbereichs (61) beinhaltet und mindestens die 25 nung (80) fir EUV-Lithographie, das Folgendes be-
obere Atzbarriere (46) gegeniiber einem Entfer- inhaltet:
nungsprozess, der zum Entfernen der zweiten
Schutzschicht (72) verwendet wird, resistent ist. Bereitstellen eines Stapels (60), der ein plana-
res Substrat (40) und mindestens eine Memb-
6. Ein Verfahren zum Herstellen einer Membrananord- 30 ranschicht (42) beinhaltet, wobei das planare
nung (80) fir EUV-Lithographie, das Folgendes be- Substrat (40) einen Innenbereich (61), einen
inhaltet: Einfassungsbereich (62) um den Innenbereich
(61) und einen Randbereich (64) um den Ein-
Bereitstellen eines Stapels (60), der ein plana- fassungsbereich (62) beinhaltet;
res Substrat (40), mindestens eine Membran- 35 Entfernen eines Randabschnitts, der aus dem
schicht (42) und eine Schutzschicht (72) bein- Randbereich (64) des planaren Substrats (40)
haltet, wobei die mindestens eine Membran- gebildet ist, und Entfernen von Schichten, die
schicht (42) zwischen der Schutzschicht (72) auf dem Randbereich (64) gebildet sind;
und dem planaren Substrat (40) liegt, wobei das Aufbringen einer Schutzschicht (72) tber min-
planare Substrat (40) einen Innenbereich (61), 40 destens einer oberen Oberflache des Stapels
einen Einfassungsbereich (62) um den Innen- (60), sodass die mindestens eine Membran-
bereich (61), einen Briickenbereich (63) um den schicht (42) zwischen der Schutzschicht (72)
Einfassungsbereich (62) und einen Randbe- und dem planaren Substrat (40) liegt, und Uber
reich (64) um den Briickenbereich (63) beinhal- Seitenoberflachen des Stapels (60);
tet; 45 Verwenden eines ersten Entfernungsprozesses
Verwenden eines Entfernungsprozesses zum zum selektiven Entfernen des Innenbereichs
selektiven Entfernen des Innenbereichs (61) (61), wobei die Schutzschicht (72) gegeniliber
und mindestens eines Teilabschnitts des Bri- dem ersten Entfernungsprozess resistent ist;
ckenbereichs (63), wodurch eine integrale Ver- und
bindung zwischen dem Einfassungsbereich 50 Verwenden eines zweiten Entfernungsprozes-
(62) und dem Randbereich (64) des planaren ses zum Entfernen der Schutzschicht (72),
Substrats (40) dinner gemacht oder entfernt um eine Membrananordnung (80) bereitzustel-
wird, wobei die Schutzschicht (72) gegentiber len, von der der Randabschnitt abgeldst ist, wo-
dem Entfernungsprozess resistent ist; und bei die Membrananordnung (80) Folgendes be-
Trennen eines aus dem Randbereich (64) des 55 inhaltet:

eine aus der mindestens einen Membran-
schicht (42) gebildete Membran; und
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eine die Membran haltende Einfassung,
wobei die Einfassung aus dem Einfas-
sungsbereich (62) des planaren Substrats
(40) gebildet ist.

Verfahren geman Anspruch 8, wobei der Stapel (60)
ferner Folgendes beinhaltet: eine obere Atzbarriere
(46), wobei die Schutzschicht (72) derart aufge-
bracht wird, dass die obere Atzbarriere (46) zwi-
schen der mindestens einen Membranschicht (42)
und der Schutzschicht (72) liegt, und eine untere Atz-
barriere (44) zwischen der mindestens einen Mem-
branschicht (42) und dem planaren Substrat (40),
wobei mindestens die obere Atzbarriere (46) gegen-
Uiber dem zweiten Entfernungsprozess, der zum Ent-
fernen der Schutzschicht (72) verwendet wird, resis-
tent ist.

Ein Verfahren zum Herstellen einer Membrananord-
nung (80) fir EUV-Lithographie, das Folgendes be-
inhaltet:

Bereitstellen eines Stapels (60), der ein plana-
res Substrat (40) und mindestens eine Memb-
ranschicht (42) beinhaltet, wobei das planare
Substrat (40) einen Innenbereich (61), einen
Einfassungsbereich (62) um den Innenbereich
(61), einen Briickenbereich (63) um den Einfas-
sungsbereich (62) und einen Randbereich (64)
um den Briickenbereich (63) beinhaltet;
Einkapseln des Stapels (60) mit einer atzresis-
tenten Beschichtung (82) und Versehen der atz-
resistenten Beschichtung (82) auf einer Unter-
seite des Stapels (60) mit einem Muster, um Be-
reiche des Stapels (60), die durch die atzresis-
tente Beschichtung (82) geschitzt sind, und Be-
reiche des Stapels (60), die nicht durch die atz-
resistente Beschichtung (82) geschiitzt sind, zu
definieren;

Anwenden eines mechanischen Schleifprozes-
ses auf einen Bereich auf einer Oberseite des
Stapels (60) Gber dem Innenbereich (61), dem
Einfassungsbereich (62) und dem Briickenbe-
reich (63) des planaren Substrats (40) zum Ent-
fernen eines ersten Teilabschnitts der atzresis-
tenten Beschichtung (82);

Anwenden eines Atzprozesses, der effektiv ist,
um die atzresistente Beschichtung (82) zu at-
zen, auf den Bereich auf der Oberseite des Sta-
pels (60) tber dem Innenbereich (61), dem Ein-
fassungsbereich (62) und dem Briickenbereich
(63) des planaren Substrats (40) zum Entfernen
eines zweiten Teilabschnitts der atzresistenten
Beschichtung (82);

Aufbringen einer Schutzschicht (72), die min-
destens die Oberseite des Stapels (60) bedeckt;
und

Verwenden eines Entfernungsprozesses zum

10

15

20

25

30

35

40

45

50

55

24

EP 3 391 151 B1

1.

12.

13.

14.

46

selektiven Entfernen des Innenbereichs (61)
und mindestens eines Teilabschnitts des Bri-
ckenbereichs (63), wodurch eine integrale Ver-
bindung zwischen dem Einfassungsbereich
(62) und dem Randbereich (64) des planaren
Substrats (40) dinner gemacht oder entfernt
wird, um eine Membrananordnung bereitzustel-
len, die Folgendes beinhaltet:

eine aus der mindestens einen Membran-
schicht (42) gebildete Membran;

eine die Membran haltende Einfassung,
wobei die Einfassung aus dem Einfas-
sungsbereich (62) des planaren Substrats
(40) gebildet ist;

einen Randabschnitt um die Einfassung,
wobei der Randabschnitt aus dem Randbe-
reich (64) des planaren Substrats (40) ge-
bildet ist; und

eine Brilicke zwischen der Einfassung und
dem Randabschnitt, wobei die Briicke aus
dermindestens einen Membranschicht (42)
und einem beliebigen ubrigen Teilabschnitt
des Briickenbereichs (63) des planaren
Substrats (40) gebildet ist; und

Trennen des Randabschnitts von der Einfas-
sung durch Schneiden oder Brechen der Bri-
cke, um eine Membrananordnung (80) bereitzu-
stellen, von der der Randabschnitt abgel6st ist.

Verfahren gemaR Anspruch 10, wobei:

der Stapel (60) ferner eine obere Atzbarriere
(46) und eine untere Atzbarriere (44) beinhaltet,
wobei die mindestens eine Membranschicht
(42) zwischen der oberen Atzbarriere (46) und
der unteren Atzbarriere (44) befindlich ist; und

das Verfahren ferner das Entfernen der Schutz-
schicht (72) nach dem Entfernen des Innenbe-
reichs (61) beinhaltet und mindestens die obere
Atzbarriere (46) gegeniiber einem Entfernungs-
prozess, der zum Entfernen der Schutzschicht
(72) verwendet wird, resistent ist.

Eine Membrananordnung (80), von der ihr
Randabschnitt abgeldst ist, wobei die Membranan-
ordnung (80) durch das Herstellungsverfahren ge-
maR einem dervorhergehenden Anspriiche erhalten
wird.

Membrananordnung (80) gemafR Anspruch 12, wo-
bei die Membrananordnung (80) fiir eine Musterauf-
bringungsvorrichtung (MA) oder eine dynamische
Gassperre ist.

Ein lithographisches Gerat (100), das Folgendes be-
inhaltet:
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eine Musteraufbringungsvorrichtung (MA), die
konfiguriert ist, um einem Strahl aus Strahlung
ein Muster zu verleihen; und

ein Pellikel, das eine Membrananordnung (80),
von der ihr Randabschnitt abgeldst ist, beinhal-
tet, wobei die Membrananordnung (80) durch
das Verfahren gemafl} einem der Anspriiche
1-11 hergestellt ist und konfiguriert ist, um die
Musteraufbringungsvorrichtung (MA) zu schiit-
zen.

15. Ein Vorrichtungsherstellungsverfahren, das das li-
thographische Gerat (100) gemaR Anspruch 14 ver-
wendet, zur Herstellung einer Vorrichtung unter Ver-
wendung von Lithographie.

Revendications
1. Un procédé de fabrication d’'un ensemble a mem-

brane (80) destiné a la lithographie EUV, compre-
nant le fait :

de fournir un empilement (60) comprenant un
substrat planaire (40) et au moins une couche
de membrane (42), ou le substrat planaire (40)
comprend une région interne (61), une région
de bordure (62) autour de la région interne (61),
une région de pont (63) autour de la région de
bordure (62) et une région de bord (64) autour
de la région de pont (63) ;

de retirer de maniére sélective la région interne
(61) et une premiére portion (63A) de la région
de pont (63) afin de fournir un ensemble a mem-
brane comprenant :

une membrane formée a partir de I'au moins
une couche de membrane (42) ;

une bordure qui maintient la membrane, la
bordure étant formée a partir de la région
de bordure (62) du substrat planaire (40) ;
une section de bord autour de la bordure,
la section de bord étant formée a partir de
la région de bord (64) du substrat planaire
(40) ; et

un pont entre la bordure et la section de
bord, le pont étant formé a partir de l'au
moins une couche de membrane (42) et
d’'une deuxiéme portion (63B) de la région
de pont (63) du substrat planaire (40) ; et

de séparer la section de bord de la bordure en
coupant ou en cassant le pont afin de fournir un
ensemble a membrane (80) débarrassé de la
section de bord.

2. Le procédé de la revendication 1, ou I'empilement
(60) comprend en sus :
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une couche de protection (72) par-dessus au
moins une surface de dessus de 'empilement
(60), de telle sorte que I'au moins une couche
de membrane (42) est située entre la couche de
protection (72) et le substrat planaire (40), et
par-dessus des surfaces de cbté de I'empile-
ment (60), la couche de protection (72) étant
résistante a un processus de retrait utilisé pour
retirer de maniére sélective larégioninterne (61)
et la premiére portion (63A) de la région de pont
(63);

une barriére a la gravure supérieure (46) entre
I’'au moins une couche de membrane (42) et la
couche de protection (72) et une barriére a la
gravure inférieure (44) entre I'au moins une cou-
che de membrane (42) et le substrat planaire
(40), ou :

le procédé comprend en sus le fait de retirer la
couche de protection (72) aprés que la région
interne (61) et la premiére portion (63A) de la
région de pont (63) ont été retirées et au moins
la barriére a la gravure supérieure (46) est ré-

sistante a un processus de retrait utilisé pour
retirer la couche de protection (72).

Le procédé de la revendication 2, comprenant en
sus le fait de retirer la couche de protection (72) et
une portion de la barriére a la gravure supérieure
(46) et une portion de la barriére a la gravure infé-
rieure (44) qui ensemble prennent en sandwich une
portion de I'au moins une couche de membrane (42).

Un procédé de fabrication d’'un ensemble a mem-
brane (80) destiné a la lithographie EUV, compre-
nant le fait :

de fournir un empilement (60) comprenant un
substrat planaire (40) et au moins une couche
de membrane (42), ou le substrat planaire (40)
comprend une région interne (61), une région
de bordure (62) autour de la région interne (61),
une région de pont (63) autour de la région de
bordure (62) et une région de bord (64) autour
de la région de bordure (62) ;

d’appliquer une premiére couche de protection
(72) par-dessus au moins une surface de des-
sus de I'empilement (60), de telle sorte que I'au
moins une couche de membrane (42) est située
entre la premiere couche de protection (72) et
le substrat planaire (40), et par-dessus des sur-
faces de coté de 'empilement (60) ;
d’appliquer un premier processus de retrait a
I'empilement (60) et a la premiére couche de
protection (72A) pour retirer de maniére sélec-
tive au moins une portion de la région de pont
(63) du substrat planaire (40), amincissant ou
retirant de ce fait un raccordement solidaire en-
tre la région de bordure (62) et la région de bord
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(64) du substrat planaire (40), la premiere cou-
che de protection (72A) étant résistante au pre-
mier processus de retrait ;

de retirer une section de bord formée a partir de

(64) autour de la région de pont (63) ;

d’utiliser un processus de retrait pour retirer de
maniére sélective la région interne (61) et au
moins une portion de la région de pont (63),

26

amincissant ou retirant de ce fait un raccorde-
ment solidaire entre la région de bordure (62) et
la région de bord (64) du substrat planaire (40),
la couche de protection (72) étant résistante au

la région de bord (64) du substrat planaire (40) 5 processus de retrait ; et
et de retirer des couches formées sur la région de séparer une section de bord formée a partir
de bord (64) ; de la région de bord (64) du substrat planaire
d’appliquer une deuxieme couche de protection (40) et de séparer des couches formées sur la
(72B) par-dessus au moins des surfaces de coté région de bord (64), de 'ensemble a substrat et,
de 'ensemble a substrat apres le retrait de la 70 par la suite, de retirer la couche de protection
région de bord (64) ; (72), pour fournir un ensemble a membrane (80)
d’appliquer un deuxiéme processus de retrait débarrassé de la section de bord, lequel ensem-
pour retirer de maniére sélective la région inter- ble a membrane (80) comprend :
ne (61), ladeuxieme couche de protection (72B)
étant résistante au deuxiéme processus de re- 15 une membrane formée a partir de I’'au moins
trait, pour fournir un ensemble a membrane (80) une couche de membrane (42) ; et
débarrasseé de la section de bord, lequel ensem- une bordure qui maintient la membrane, la
ble a membrane (80) comprend : bordure étant formée a partir de la région
de bordure (62) du substrat planaire (40).
une membrane formée a partirde 'au moins 20
une couche de membrane (42) ; et 7. Le procédé de la revendication 6, ou 'empilement
une bordure qui maintient la membrane, la (60) comprend en sus une barriére a la gravure su-
bordure étant formée a partir de la région périeure (46) entre 'au moins une couche de mem-
de bordure (62) du substrat planaire (40). brane (42) et la couche de protection (72) et une
25 barriere a la gravure inférieure (44) entre 'au moins
Le procédé de la revendication 4, ou : une couche de membrane (42) et le substrat planaire
(40), ou au moins la barriére a la gravure supérieure
I'empilement (60) comprend en sus une barriére (46) est résistante a un processus de retrait utilisé
a la gravure supérieure (46) et une barriére a la pour retirer la couche de protection (72).
gravure inférieure (44), 'au moins une couche 30
de membrane (42) étant placée entre la barriere 8. Un procédé de fabrication d'un ensemble a mem-
a la gravure supérieure (46) et la barriere a la brane (80) destiné a la lithographie EUV, compre-
gravure inférieure (44) ; et nant le fait :
le procédé comprend en sus le fait de retirer la
deuxiéme couche de protection (72) aprés que 35 de fournir un empilement (60) comprenant un
la région interne (61) a été retirée et au moins substrat planaire (40) et au moins une couche
la barriere a la gravure supérieure (46) est ré- de membrane (42), ou le substrat planaire (40)
sistante a un processus de retrait utilisé pour comprend une région interne (61), une région
retirer la deuxieme couche de protection (72). de bordure (62) autour de la région interne (61),
40 et une région de bord (64) autour de la région
6. Un procédé de fabrication d’'un ensemble a mem- de bordure (62) ;
brane (80) destiné a la lithographie EUV, compre- de retirer une section de bord formée a partir de
nant le fait : la région de bord (64) du substrat planaire (40)
et de retirer des couches formées sur la région
de fournir un empilement (60) comprenant un 45 de bord (64) ;
substrat planaire (40), au moins une couche de d’appliquer une couche de protection (72) par-
membrane (42) et une couche de protection dessus au moins une surface de dessus de 'em-
(72), 'au moins une couche de membrane (42) pilement (60), de telle sorte que I'au moins une
étant située entre la couche de protection (72) couche de membrane (42) est située entre la
et le substrat planaire (40), ou le substrat pla- 50 couche de protection (72) et le substrat planaire
naire (40) comprend unerégioninterne (61), une (40), et par-dessus des surfaces de coté de 'em-
région de bordure (62) autour de la région inter- pilement (60) ;
ne (61), une région de pont (63) autour de la d'utiliser un premier processus de retrait pour
région de bordure (62) et une région de bord retirer de maniere sélective la région interne
55

(61), la couche de protection (72) étant résistan-
te au premier processus de retrait ; et

d’utiliser un deuxiéme processus de retrait pour
retirer la couche de protection (72), afin de four-
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nir un ensemble a membrane (80) débarrassé
de la section de bord, lequel ensemble a mem-
brane (80) comprend :

une membrane formée a partir de I'au moins
une couche de membrane (42) ; et

une bordure qui maintient la membrane, la
bordure étant formée a partir de la région
de bordure (62) du substrat planaire (40).

Le procédé de la revendication 8, ou I'empilement
(60) comprend en sus une barriére a la gravure su-
périeure (46), la couche de protection (72) étant ap-
pliquée de telle sorte que la barriére a la gravure
supérieure (46) est située entre I'au moins une cou-
che de membrane (42) et la couche de protection
(72), etune barriére a la gravure inférieure (44) entre
I’'au moins une couche de membrane (42) et le subs-
trat planaire (40), ou au moins la barriere a la gravure
supérieure (46) est résistante au deuxieme proces-
sus de retrait utilisé pour retirer la couche de protec-
tion (72).

Un procédé de fabrication d’'un ensemble a mem-
brane (80) destiné a la lithographie EUV, compre-
nant le fait :

de fournir un empilement (60) comprenant un
substrat planaire (40) et au moins une couche
de membrane (42), ou le substrat planaire (40)
comprend une région interne (61), une région
de bordure (62) autour de la région interne (61),
une région de pont (63) autour de la région de
bordure (62) et une région de bord (64) autour
de la région de pont (63) ;

d’encapsuler 'empilement (60) avec un revéte-
ment résistant a la gravure (82) et de conformer
le revétement résistant a la gravure (82) selon
un motif sur un c6té de dessous de I'empilement
(60) afin de définir des régions de I'empilement
(60) qui sont protégées par le revétement résis-
tant a la gravure (82) et des régions de I'empi-
lement (60) qui ne sont pas protégées par le
revétement résistant a la gravure (82) ;
d’appliquer un processus de polissage mécani-
que a une région sur un coté de dessus de I'em-
pilement (60) au-dessus de la région interne
(61), de la région de bordure (62) et de la région
de pont(63) du substrat planaire (40) pour retirer
une premiere portion du revétement résistant a
la gravure (82) ;

d’appliquer un processus de gravure efficace
pour graver le revétement résistant a la gravure
(82) a la région sur le coté de dessus de I'em-
pilement (60) au-dessus de la région interne
(61), de la région de bordure (62) et de la région
de pont(63) du substrat planaire (40) pour retirer
une deuxieme portion du revétement résistant
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a la gravure (82) ;

d’appliquer une couche de protection (72) cou-
vrant au moins le c6té de dessus de I'empile-
ment (60) ; et

d’utiliser un processus de retrait pour retirer de
maniére sélective la région interne (61) et au
moins une portion de la région de pont (63),
amincissant ou retirant de ce fait un raccorde-
ment solidaire entre la région de bordure (62) et
la région de bord (64) du substrat planaire (40),
afin de fournir un ensemble a membrane
comprenant :

une membrane formée a partir de I’'au moins
une couche de membrane (42) ;

une bordure qui maintient la membrane, la
bordure étant formée a partir de la région
de bordure (62) du substrat planaire (40) ;
une section de bord autour de la bordure,
la section de bord étant formée a partir de
la région de bord (64) du substrat planaire
(40) ; et

un pont entre la bordure et la section de
bord, le pont étant formé a partir de l'au
moins une couche de membrane (42) et de
toute portion restante de la région de pont
(63) du substrat planaire (40) ; et

de séparer la section de bord de la bordure en
coupant ou en cassant le pont afin de fournir un
ensemble a membrane (80) débarrassé de la
section de bord.

Le procédé de la revendication 10, ou :

I’'empilement (60) comprend en sus une barriere
a la gravure supérieure (46) et une barriere a la
gravure inférieure (44), 'au moins une couche
de membrane (42) étant placée entre la barriere
a la gravure supérieure (46) et la barriere a la
gravure inférieure (44) ; et

le procédé comprend en sus le fait de retirer la
couche de protection (72) aprés que la région
interne (61) a été retirée et au moins la barriere
a la gravure supérieure (46) est résistante a un
processus de retrait utilisé pour retirer la couche
de protection (72).

Un ensemble a membrane (80) débarrassé de sa
section de bord, lequel ensemble & membrane (80)
est obtenu grace au procédé de fabrication de n'im-
porte lesquelles des revendications précédentes.

L’ensemble a membrane (80) selon la revendication
12, ou 'ensemble a membrane (80) est destiné a un
dispositif servant a conformer selon un motif (MA)
ou a un sas dynamique a gaz.
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14. Un appareil lithographique (100) comprenant :
un dispositif servant a conformer selon un motif
(MA) configuré pour conférer un motif a un fais-
ceau de rayonnement ; et 5
une pellicule comprenant un ensemble a mem-
brane (80) débarrassé de sa section de bord,
lequel ensemble a membrane (80) est fabriqué
grace au procédé de n'importe lesquelles des
revendications 1 a 11 et configuré pour protéger 70
le dispositif servant a conformer selon un motif
(MA).
15. Un procédé de fabrication de dispositif utilisant I'ap-

pareil lithographique (100) de la revendication 14 15
pour fabriquer un dispositif utilisant la lithographie.
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