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Tiivistelmd - Sammandrag - Abstract

Tama julkaisu koskee menetelmaéa (100) porrastetun hilan valmistamiseksi. 100
Menetelma (100) kasittaa, etta jarjestetddn substraatti ja kuvioitu maskikerros (110)
substraatille, suoritetaan substraatin primaarinen kuivaetsaus (120) niin, ettd

primadari-ioneita kiihdytetdan primaariseen etsaussuuntaan niiden térméayttamiseksi Praviding a substrate and a patterned mask layer
substraattiin, ja suoritetaan substraatin sekundaarinen kuivaetsaus (150) niin, etta P -
sekundéaari-ioneita kiihdytetaan sekundaariseen etsaussuuntaan niiden oproviding 2 pluralfy of elongated through-hales in a casting |
tormayttadmiseksi substraattiin. Priméérisen etsaussuunnan priméarinen projektio ja 1
sekundaarisen etsaussuunnan sekundaarinen projektio hilan poikkileikkaustasolle l M1 10
ulottuvat kohtisuorasti suhteessa vastaavasti yhteen ja toiseen portaan viisteen
suunnasta ja portaan vastaviisteen suunnasta, ja ionit, joita kilhdytetdan suuntaan, Performing primary dry etching
jonka projektio hilan poikkileikkaustasolle on kohtisuora suhteessa portaan viisteen ; - _-—
suuntaan, kollimoidaan kollimoidun ionisuihkun muodostamiseksi substraatin gopmmfvrmingagrooveextending in the substrate :
etsaamista varten. bt 1
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This disclosure relates to a method (100) for fabricating a blazed grating. The method .
(100) comprises providing a substrate and a patterned mask layer (110) on the i Depﬂfgiffgﬂfjnﬂi‘:g;g:jm‘x rgm"e
substrate, performing primary dry etching (120) of the substrate such that primary ions ; . - -y
are accelerated towards a primary etch direction to impinge on the substrate, and szm Atomic layer deposition i

performing secondary dry etching (150) of the substrate such that secondary ions are
accelerated towards a secondary etch direction to impinge on the substrate. A primary |
projection of the primary etch direction and a secondary projection of the secondary Revealing a ridge portion
etch direction onto the grating cross-sectional plane extend perpendicular to one and = l ey
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the other of a blaze facet direction and an anti-blaze facet direction, respectively, and
ions accelerated towards a direction with a projection onto a grating cross-sectional
plane perpendicular to the blaze facet direction are collimated to form a collimated ion
beam for etching the substrate.

Performing secondary dry etching

i
E Utilizing the intefstitial feature as an efch stop
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METHOD FOR FABRICATING A BLAZED GRATING

FIELD OF TECHNOLOGY

This disclosure concerns diffraction gratings. In par-

ticular, this disclosure concerns blazed gratings.

BACKGROUND

An ordinary surface-relief diffraction grating, a so-
called binary grating, comprises a plurality of ridges
and grooves, wherein the tops of the ridges and the
bottoms of the grooves extend parallel to each other.
Well-known manufacturing processes exist for fabricat-
ing such binary gratings. In case of such binary grat-
ings, normally incident light 1is diffracted such that
equal diffraction efficiencies are produced in both neg-
ative and positive diffraction orders. This effect
arises from the mirror symmetry of the cross-sectional

profiles of binary gratings.

In many applications, for example, 1in many waveguide-
based display structures, diffraction preferentially
toward one or more specific diffraction orders may be
desirable and diffraction into other diffraction orders
may be considered optical loss. To direct light prefer-
entially toward specific diffraction orders, dgratings
with non-mirror symmetric cross-sectional profiles must
be used. One example of such non-symmetric gratings is
the so-called blazed grating with a triangular or saw-

tooth-shaped cross-sectional profile.

Typically, blazed gratings are manufactured using pro-

cesses based on grayscale lithography. Although such
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processes have been refined to yield gratings with ac-
ceptable characteristics, the features, especially, the
apexes, of blazed gratings produced using grayscale 1li-
thography are generally relatively rounded due to the
low contrast of typical greyscale lithography resists.
Such deviation from ideal blazed profiles may reduce the
diffraction efficiency of blazed gratings produced using
grayscale lithography and/or increase the optical scat-

tering caused by such gratings.

In light of the above, it may be desirable to develop

new solutions related to blazed gratings.

SUMMARY

This summary 1s provided to introduce a selection of
concepts in a simplified form that are further described
below in the detailed description. This summary is not
intended to identify key features or essential features
of the claimed subject matter, nor is it intended to be

used to limit the scope of the claimed subject matter.

In this specification, a method for fabricating a blazed
grating comprising a ridge having a blaze facet facing
a blaze facet direction and an anti-blaze facet facing
an anti-blaze facet direction, the blaze facet direction
and the anti-blaze facet direction extending along a
grating cross-sectional plane, 1s provided. The method
comprises providing a substrate and a patterned mask
layer on the substrate, performing primary dry etching
of the substrate such that primary ions are accelerated
towards a primary etch direction to impinge on the sub-
strate, and performing secondary dry etching of the sub-
strate such that secondary ions are accelerated towards

a secondary etch direction to impinge on the substrate.
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A primary projection of the primary etch direction onto
the grating cross-sectional plane and a secondary pro-
Jection of the secondary etch direction onto the grating
cross-sectional plane extend perpendicular to one and
the other of the blaze facet direction and the anti-
blaze facet direction, respectively, and ions (of the
primary ions and the secondary ions) accelerated towards
a direction with a projection onto the grating cross-
sectional plane perpendicular to the blaze facet direc-
tion are collimated to form a collimated ion beam for

etching the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

The present disclosure will be better understood from
the following detailed description read in light of the

accompanying drawings, wherein:

FIG. 1 illustrates a method for fabricating a
blazed grating,

FIGs. 2A, 2B, 2C, 2D, and 2E depict a series
of subsequent stages of a method for fabricating a

blazed grating,

FIGs. 3A, 3B, 3C, 3D, 3E, 3F, 3G, and 3H show
a series of subsequent stages of another method for

fabricating a blazed grating, and

FIGs. 4A, 4B, 4C, 4D, 4E, and 4F illustrate a
series of subsequent stages of yet another method for

fabricating a blazed grating.

Unless specifically stated to the contrary, any drawing
of the aforementioned drawings may be not drawn to scale
such that any element in said drawing may be drawn with

inaccurate proportions with respect to other elements
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in said drawing in order to emphasize certain structural

aspects of the embodiment of said drawing.

Corresponding, e.g., identical or similar, elements of
the embodiments presented in the drawings have been re-
ferred to using the same reference numbers. Correspond-
ing elements in the aforementioned drawings may be dis-
proportionate to each other in said drawings in order
to emphasize certain structural aspects of the embodi-

ments of said drawings.

DETAILED DESCRIPTION

FIG. 1 illustrates method 100 for fabricating a blazed
grating comprising a ridge having a blaze facet facing
a blaze facet direction and an anti-blaze facet facing
an anti-blaze facet direction, the blaze facet direction
and the anti-blaze facet direction extending along a
grating cross-sectional plane. In other embodiments, a
method for fabricating a blazed grating may be identi-
cal, similar, or different to the method 100 of the
embodiment of FIG. 1.

In the embodiment of FIG. 1, the method 100 comprises
providing a substrate and a patterned mask layer 110 on
the substrate, performing primary dry etching 120 of the
substrate such that primary ions are accelerated towards
a primary etch direction to impinge on the substrate,
and performing secondary dry etching 150 of the sub-
strate such that secondary ions are accelerated towards

a secondary etch direction to impinge on the substrate.

Throughout this specification, “dry etching” may refer
to removal of material by exposure to ion bombardment.

Typical dry etching techniques include Reactive Ion
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FEtching (RIE), Deep Reactive Ion Etching (DRIE), Induc-
tively Coupled Plasma Reactive Ion Etching (ICP-RIE),
ion milling, Ion beam Etching (IBE), Reactive Ion Beam

Etching (RIBE), and variants thereof.

In this specification, performing dry etching of a sub-
strate such that specific ions are “accelerated towards”
a specific direction to impinge on the substrate may
refer to the ions being provided with an average veloc-
ity, e.g., a drift velocity, towards the specific di-
rection. Typically, such ions may be accelerated towards

a specific direction by an electric field.

In the embodiment of FIG. 1, a primary projection of the
primary etch direction onto the grating cross-sectional
plane and a secondary projection of the secondary etch
direction onto the grating cross-sectional plane extend
perpendicular to one and the other of the blaze facet
direction and the anti-blaze facet direction, respec-
tively, and ions (of the primary ions and the secondary
ions) accelerated towards a direction with a projection
onto the grating cross-sectional plane perpendicular to
the blaze facet direction are collimated to form a col-
limated ion beam for etching the substrate. Generally,
such primary etch direction and secondary etch direction
and utilization of a collimated ion beam for etching a
substrate perpendicular to a blaze facet direction may
facilitate fabricating blazed gratings with sharper or

less-rounded features, e.g., apexes and/or facets.

Herein, a “collimated ion beam” may refer to a beam of
ions propagating from a collimator towards a specific

etch direction, e.g., a primary etch direction or a
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secondary etch direction. Additionally or alterna-
tively, an ion beam propagating from a collimator to-
wards a specific etch direction may be referred to as a
collimated ion beam, for example, 1if the ion beam has a
maximum angular deviation from the primary etch direc-
tion of 4°, 3°, or 2°. In case a collimated ion beam is
formed for etching a substrate, such maximum angular
deviation may be determined at the location of the sub-

strate.

As indicated in FIG. 1 using dashed lines, the process
of performing primary dry etching 120 may optionally
comprise forming a groove extending in the substrate 124
along the primary etch direction, the method 100 may
optionally comprise depositing first material into the
groove 130 to form an interstitial feature, and the pro-
cess of performing secondary dry etching 150 may op-
tionally comprise utilizing the interstitial feature as
an etch stop 154. In general, utilization of an inter-
stitial feature as an etch stop while performing sec-
ondary dry etching may facilitate fabrication of blazed
gratings with sharper, less rounded features and/or
smoother and/or more even facets. In other embodiments,
a method for fabricating a blazed grating may or may not

comprise one or more of such features.

In this specification, a “process” may refer to a series
of one or more steps, leading to an end result. As such,
a process may be a single-step or a multi-step process.
Additionally, a process may be divisible to a plurality
of sub-processes, wherein individual sub-processes of
such plurality of sub-processes may or may not share

common steps.
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Herein, a “step” may refer to a measure taken in order
to achieve a pre-defined result. For example, an “atomic
layer deposition step” may refer to a step of a process,

whereby a layer is formed by atomic layer deposition.

As again indicated in FIG. 1 using dashed lines, the
method 100 may opticnally comprise revealing a ridge
portion 140 of the substrate prior to the process of
performing secondary dry etching 150. Generally, re-
vealing a ridge portion of a substrate prior to a process
of performing secondary dry etching may facilitate form-
ing blazed gratings without post-processing step(s),
whereby portions of a substrate released during the pro-
cess of performing secondary dry etching are removed.
In other embodiments, a method for fabricating a blazed
grating may or may not comprise revealing a ridge por-
tion of a substrate prior to a process of performing

secondary dry etching.

Further, the process of depositing first material into
the groove 130 may optionally comprise an atomic layer
deposition 131 step. Generally, a process of depositing
first material 1into the groove comprising an atomic
layer deposition step may facilitate forming intersti-
tial features in narrower grooves and/or with increased
uniformity. In other embodiments, a process of deposit-
ing first material into the groove may or may not com-

prise an atomic layer deposition step.

As also indicated in FIG. 1 using dashed 1lines, the
process of providing a substrate and a patterned mask
layer 110 may optionally comprise providing a plurality
of elongated through-holes in a coating 111 arranged on

the substrate to form the mask layer, the plurality of



20215575 PrH 17 -05- 2021

10

15

20

25

30

elongated through-holes extending perpendicular to the
grating cross-sectional plane. In other embodiments, a
process of providing a substrate and a patterned mask
layer may or may not comprise providing a plurality of
elongated through-holes in a coating arranged on the

substrate to form the mask layer.

In an embodiment, a method for fabricating a blazed
grating comprises steps implementing processes corre-
sponding to the processes of the method 100 of the em-
bodiment of FIG. 1. In other embodiments, a method for
fabricating a blazed grating may comprise steps imple-
menting processes corresponding to the non-optional pro-
cesses of the method 100 of the embodiment of FIG. 1.
In general, a method for fabricating a blazed grating
may comprise any number of additional processes or steps
that are not disclosed herein 1in connection to the

method 100 of the embodiment of FIG. 1.

Steps of a method for fabricating a blazed grating im-
plementing processes corresponding to any of the pro-
cesses of the method 100 of the embodiment of FIG. 1
need not be executed in a fixed order. However, any
steps implementing a process corresponding to the pro-
cess of providing a substrate and a patterned mask
layer 110 of the method 100 may be generally executed
prior to steps implementing any process corresponding
to any of the processes of performing primary dry etch-
ing 120 and performing secondary dry etching 150; any
steps implementing a process corresponding to the pro-
cess of forming a groove extending in the substrate 124
of the method 100 may be generally executed prior to
steps implementing any process corresponding to the pro-

cess of depositing first material into the groove 130;
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and any steps implementing a process corresponding to
the process of depositing first material into the
groove 130 of the method 100 may be generally executed
prior to steps implementing any process corresponding
to the process of utilizing the interstitial feature as

an etch stop 154.

FIGs. 2A through 2E, collectively referred to throughout
this specification as FIG. 2, schematically depict a
series of subsequent stages of a method for fabricating
a blazed grating 200, which comprises a ridge 210 having
a blaze facet 211 facing a blaze facet direction 212 and
an anti-blaze facet 213 facing an anti-blaze facet di-
rection 214, the blaze facet direction 212 and the anti-
blaze facet 213 extending along a dJrating cross-sec-
tional plane 215, according to an embodiment. In FIG. 2,
the grating cross-sectional plane 215 extends perpen-
dicular to the plane of the drawings of FIGs. 2A through
2FE. In other embodiments, a method for fabricating a
blazed grating may comprise a series of stages similar
or different to the stages of the method of the embod-
iment of FIG. 2.

The embodiment of FIG. 2 may be in accordance with any
of the embodiments disclosed with reference to and/or
in conjunction with FIG. 1. Additionally or alterna-
tively, although not explicitly stated in the following,
the embodiment of FIG. 2 may generally comprise any fea-
tures of any of the embodiments disclosed with reference

to and/or in conjunction with FIG. 1.

With reference to FIG. 2E, the blazed grating 200 com-
prises a plurality of ridges 210, each ridge of the
plurality of ridges 210 having a blaze facet 211 facing
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the Dblaze facet direction 212 and an anti-blaze
facet 213 facing the anti-blaze facet direction 214. In
other embodiments, a blazed grating may comprise at
least one such ridge or a plurality of, i.e., at least

two, such ridges.

With reference to FIGs. 2A and 2B, the method comprises
providing a substrate 220 and a patterned mask layer 230
on the substrate 220. The process of providing the sub-
strate 220 and the patterned mask layer 230 comprises
providing a coating 232 on the substrate 220 and provid-
ing a plurality of elongated through-holes 231 in the
coating 232 to form the mask layer 230. The plurality
of elongated through-holes 231 extends perpendicular to

the grating cross-sectional plane 215.

The substrate 220 of the embodiment of FIG. 2 may be
formed of high-refractive-index polymer material(s),
using any suitable application method(s), for example,
spin coating, spray coating, and/or inkjet printing. In
other embodiments, a substrate may comprise any suitable
material (s), which may be formed using any suitable pro-

cess (es) .

The mask layer 230 of the embodiment of FIG. 2 may be
formed of aluminum oxide (Al0;) deposited by electron
beam evaporation. In other embodiments, a mask layer may
comprise any suitable material(s), for example, inor-
ganic material (s), including oxide and/or nitride mate-
rial(s), such as aluminum oxide (Al10,/Al0,), titanium
oxide (T10,/Ti10,), silicon oxide (S10,/S104) and/or sil-
icon nitride (Si:N3/SiNy), which may be formed using any
suitable process(es), for example, sputtering, evapora-

tion, Chemical Vapor Deposition (CVD), Plasma Enhanced
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Chemical Vapor Deposition (PECVD), Inductively Coupled
Plasma Chemical Vapor Deposition (ICP-CVD), Atomic Layer

Deposition (ALD), and/or variants thereof.

The method of the embodiment of FIG. 2 may constitute
an example of a method for fabricating a blazed grating,
whereby a blazed grating 1s formed onto a face of a
waveguide for coupling light into the waveguide and/or
out of the waveguide. As such, the substrate 220 may be
arranged onto a face 271 of a waveguide 270. In other
embodiments, a blazed grating may be formed for any
suitable use(s) in any suitable application(s), for ex-
ample, onto a face of a waveguide for coupling light

into the waveguide and/or out of the waveguide.

In case the substrate 220 is arranged onto a face 271
of a waveguide 270, the blazed grating 200 of the em-
bodiment of FIG. 2 is formed into an additional material
layer arranged onto the waveguide 270. In other embod-
iments, wherein a blazed grating is formed onto a face
of a waveguide for coupling light into the waveguide
and/or out of the waveguide, said blazed grating may or
may not be arranged onto such additional material layer.
In some such embodiments, a blazed grating may be formed

directly into a waveguide.

In this disclosure, a “waveguide” may refer to an opti-
cal waveguide. Additionally or alternatively, a wave-
guide may refer to a two-dimensional waveguide, wherein
light may be confined along a thickness direction of

said waveguide.

Further, a “face” of a waveguide may refer to a part of

a surface of said waveguide viewable from or facing a
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certain viewing direction. Additionally or alterna-
tively, faces of a waveguide may refer to surfaces suit-
able for or configured to confine light in said wave-

guide by total internal reflection.

With reference to FIG. 2C, the method comprises per-
forming primary dry etching of the substrate 220 such
that primary ions 121, indicated schematically by white
dots, are accelerated towards a primary etch direc-

tion 122 to impinge on the substrate 220.

In the embodiment of FIG. 2, a primary projection 123
of the primary etch direction 122 onto the grating
cross-sectional plane 215 extends perpendicular to
anti-blaze facet direction 214. In other embodiments, a
primary projection of a primary etch direction onto a
grating cross-sectional plane may extend perpendicular
to a blaze facet direction or an anti-blaze facet di-

rection.

The process of performing primary dry etching of the
embodiment of FIG. 2 comprises forming a groove 240 ex-
tending in the substrate 220 along the primary etch di-
rection 122. In other embodiments, a process of per-
forming primary dry etching may or may not comprise

forming such groove.

As indicated in FIGs. 2B and 2C, an interface 222 be-
tween the substrate and the mask layer extends along a
base plane 260, and the primary projection 123 extends
perpendicular to the base plane 260. The base plane 260
extends perpendicular to the grating cross-sectional
plane 215. Generally, a primary projection or a second-
ary projection extending perpendicular to a base plane

may enable forming blazed gratings with upright anti-
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blaze facets, which may impart increased diffraction
efficiency. In other embodiments, a primary projec-
tion or a secondary projection may or may not extend

perpendicular to a base plane.

Herein, a “base plane” may refer to a fictitious surface
along which an interface between a substrate and a mask
layer extends. A base plane may be planar, for example,
in case of a flat interface, or curved, for example, in

case of a curved interface.

In the embodiment of FIG. 2, the primary etch direc-
tion 122 may extend parallel to the grating cross-sec-
tional plane 215. Consequently, the primary etch direc-
tion 122 may extend perpendicular to the base plane 260.
Generally, a primary etch direction or a secondary etch
direction extending perpendicular to a base plane may
enable utilization of a wider range of dry etching tech-
niques, including reactive ion etching (RIE) and ion
milling. In other embodiments, a primary etch direction
or a secondary etch direction may or may not extend
perpendicular to a base plane. For example, 1in some
embodiments, each of a primary projection and a second-
ary projection may extend obliquely with respect to a
base plane. Generally, a primary projection and a sec-
ondary projection extending obliquely with respect to a
base plane may enable forming blazed gratings with
slanted anti-blaze facets, which may, for example, fa-
cilitate spatially modulating diffraction efficiencies

of the blazed gratings.

Since the primary etch direction 122 may extend perpen-

dicular to the base plane 260, the process of performing
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primary dry etching of the embodiment of FIG. 2 may com-
prise a RIE step. During the RIE step, the substrate 220
may be etched, for example, using oxygen plasma. In
other embodiments, wherein a primary etch direction or
a secondary etch direction extends perpendicular to a
base plane, a process of performing primary dry etch-
ing may comprise any suitable step(s), for example, a

RIE step and/or an ion milling step.

With reference to FIG. 2D, the method comprises per-
forming secondary dry etching of the substrate 220 such
that secondary idons 151, indicated schematically by
black dots, are accelerated towards a secondary etch

direction 152 to impinge on the substrate 220.

In the embodiment of FIG. 2, a secondary projection 153
of the secondary etch direction 152 onto the grating
cross-sectional plane 215 extends perpendicular to
blaze facet direction 212. In other embodiments, a sec-
ondary projection of a secondary etch direction onto a
grating cross-sectional plane may extend perpendicular
to a blaze facet direction or an anti-blaze facet di-

rection.

In the embodiment of FIG. 2, the secondary ions 151 are
collimated to form a collimated secondary ion beam for
etching the substrate 220. In other embodiments, primary
ions and/or secondary ions may be collimated to form a
collimated primary ion beam and/or a collimated second-

ary ion beam for etching a substrate.

The process of performing secondary dry etching of the
embodiment of FIG. 2 may comprise a RIBE step. During

such RIBE step, the substrate 220 may be etched, for
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example, using oxygen ions. In other embodiments, a pro-
cess of performing dry etching, wherein ions are accel-
erated towards a direction with a projection onto a
grating cross-sectional plane perpendicular to a blaze
facet direction and said ions are collimated to form a
collimated ion beam for etching a substrate, may com-
prise any suitable step(s), for example, an IBE and/or

a RIBE step.

With reference to FIG. 2E, the method further comprises
a post-processing step, whereby portions of the sub-
strate 220 released during the process of performing
secondary dry etching are removed to form the plurality
of ridges 210. In other embodiments, a method for fab-
ricating a blazed grating may or may not comprise such

post-processing step.

The post-processing step of the embodiment of FIG. 2 may
be implemented as a wet cleaning step, such as, a water
immersion step. In other embodiments, wherein a method
for fabricating a blazed grating comprises a post-pro-
cessing step, whereby portions of a substrate released
during a process of performing secondary dry etching are
removed to form one or more ridges, the post-processing
step may be implemented in any suitable manner, for
example, as a wet cleaning step, such as, a water im-

mersion step.

In the embodiment of FIG. 2, under primary etching con-
ditions (i.e., in the process of performing primary dry
etching), the primary ions 121 may exhibit a first pri-
mary chemical reactivity with the mask layer 230 and a

second primary chemical reactivity higher than the first
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primary chemical reactivity with the substrate 220. Ad-
ditionally, under secondary etching conditions (i.e.,
in the process of performing secondary dry etching), the
secondary ions 151 may exhibit a first secondary chem-
ical reactivity with the mask layer 230 and a second
secondary chemical reactivity higher than the first sec-
ondary chemical reactivity with the substrate 220. Gen-
erally, utilization of such reactive ions for etching a
substrate may increase selectivity of dry etching pro-
cesses, which may, in turn, facilitate fabricating
blazed gratings with sharper, less rounded features.
Examples of dry etching techniques, wherein such reac-
tive ions are utilized, include RIE, DRIE, ICP-RIE, RIBE
and variants thereof. In other embodiments, primary ions
may or may not exhibit, under primary etching condi-
tions, a first primary chemical reactivity with a mask
layer and a second primary chemical reactivity higher
than the first primary chemical reactivity with a sub-
strate, and/or secondary ions may or may not exhibit,
under secondary etching conditions, a first secondary
chemical reactivity with the mask layer and a second
secondary chemical reactivity higher than the first sec-

ondary chemical reactivity with the substrate.

FIGs. 3A through 3H, collectively referred to throughout
this specification as FIG. 3, schematically depict a
series of subsequent stages of a method for fabricating
a blazed grating 200 comprising a ridge 210 having a
blaze facet 211 facing a blaze facet direction 212 and
an anti-blaze facet 213 facing an anti-blaze facet di-
rection 214, the blaze facet direction 212 and the anti-
blaze facet 213 extending along a dJrating cross-sec-

tional plane 215, according to an embodiment. In FIG. 3,
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the grating cross-sectional plane 215 extends perpen-
dicular to the plane of the drawings of FIGs. 3A through
3H. In other embodiments, a method for fabricating a
blazed grating may comprise a series of stages similar
or different to the stages of the method of the embod-
iment of FIG. 3.

The embodiment of FIG. 3 may be in accordance with any
of the embodiments disclosed with reference to and/or
in conjunction with any of FIGs. 1 and 2. Additionally
or alternatively, although not explicitly stated in the
following, the embodiment of FIG. 3 may dgenerally com-
prise any suitable features of any of the embodiments
disclosed with reference to and/or in conjunction with

any of FIGs. 1 and 2.

With reference to FIGs. 3A through 3C, the method com-
prises providing a substrate 220 and a patterned mask
layer 230 on the substrate 220, comprising providing a
coating 232 on the substrate 220 and providing a plu-
rality of elongated through-holes 231 in the coating 232
to form the mask layer 230, as well as performing pri-
mary dry etching of the substrate 220 such that primary
ions 121, indicated schematically by white dots, are
accelerated towards a primary etch direction 122 to im-

pinge on the substrate 220.

In the embodiment of FIG. 3, a primary projection 123
of the primary etch direction 122 onto the grating
cross-sectional plane 215 extends perpendicular to
anti-blaze facet direction 214. Additionally, the pro-
cess of performing primary dry etching of the embodiment
of FIG. 3 comprises forming a groove 240 extending in

the substrate 220 along the primary etch direction 122.
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As the processes of providing a substrate and a pat-
terned mask layer and performing primary dry etching of
the embodiment of FIG. 3 may be implemented in accord-
ance with what 1s disclosed above with reference to
FIG. 2, further details of these processes are omitted

herein for brevity and conciseness.

With reference to FIGs. 3D and 3E, the method comprises
depositing first material 250 into the groove 240 to
form an interstitial feature 251 and, prior to the pro-
cess of depositing first material 250 into the
groove 240, removing the patterned mask layer 230. In
other embodiments, a method for fabricating a blazed
grating may or may not comprise depositing first mate-
rial into a groove to form an interstitial feature. In
embodiments, wherein a method for fabricating a blazed
grating comprises depositing first material into a
groove to form an interstitial feature, the method may
or may not comprise removing a patterned mask layer
prior to a process of depositing first material into the

groove.

The first material 250 of the embodiment of FIG. 3 may
be aluminum oxide (Al10O, or AlOQOy) deposited by Plasma
Enhanced Chemical Vapor Deposition (PECVD). In other
embodiments, a mask layer may comprise any suitable ma-
terial(s), which may be formed using any suitable pro-
cess(es), for example, an oxide or a nitride material,
such as aluminum oxide (Al0,/Al0,), titanium oxide
(Ti0,/T10,), silicon oxide (S10,/S104) or silicon nitride
(SizN3/SiNy), or a mixture thereof. A first material may
generally be deposited using any suitable deposition
method(s), for example, sputtering, evaporation, Chem-

ical Vapor Deposition (CVD), PECVD, Inductively Coupled
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Plasma Chemical Vapor Deposition (ICP-CVD), Atomic Layer

Deposition (ALD), and/or variants thereof.

With reference to FIG. 3F, the method comprises reveal-
ing a ridge portion 221 of the substrate 220 prior to a
process of performing secondary dry etching. In other
embodiments, a method for fabricating a blazed grating
may or may not comprise revealing a ridge portion of a
substrate prior to a process of performing secondary dry

etching.

In the embodiment of FIG. 3, the process of revealing
the ridge portion 221 of the substrate 220 may comprise
an additional dry etching step. In other words, at least
part of the first material 250 covering the ridge por-
tion 221 may be etched using dry etching methods. In
other embodiments, wherein a method for fabricating a
blazed grating comprises revealing a ridge portion of a
substrate, said process of revealing a ridge portion may

be implemented in any suitable manner.

With reference to FIGs. 3G, the method comprises per-
forming secondary dry etching of the substrate 220 such
that secondary idons 151, indicated schematically by
black dots, are accelerated towards a secondary etch
direction 152 to impinge on the substrate 220. The sec-
ondary ions 151 are collimated to form a collimated sec-

ondary ion beam for etching the substrate 220.

In the embodiment of FIG. 3, the process of performing
secondary dry etching comprises utilizing the intersti-
tial feature 251 as an etch stop. In other embodiments,
a process of performing secondary dry etching may or may
not comprise utilizing the interstitial feature as an

etch stop.
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In the embodiment of FIG. 3, the interstitial fea-
ture 251 1is arranged towards the anti-blaze facet di-
rection 214 from the ridge portion 221. In other embod-
iments, an interstitial feature may be arranged towards
a blaze facet direction or towards an anti-blaze facet
direction from a ridge portion. In other embodiments,
wherein a secondary projection of the secondary etch
direction onto the grating cross-sectional plane extends
perpendicular to one of the blaze facet direction and
the anti-blaze facet direction, an interstitial fea-
ture may be arranged towards the other of the blaze
facet direction and the anti-blaze facet direction from

a ridge portion.

With reference to FIG. 3H, the method further comprises
a post-processing step, whereby the interstitial fea-
ture 251 is removed. Such step may be implemented, for
example, as a wet etching step. In other embodiments, a
method for fabricating a blazed grating may or may not

comprise such post-processing step.

FIGs. 4A through 4F, collectively referred to throughout
this specification as FIG. 4, schematically depict a
series of subsequent stages of a method for fabricating
a blazed grating 200 comprising a ridge 210 having a
blaze facet 211 facing a blaze facet direction 212 and
an anti-blaze facet 213 facing an anti-blaze facet di-
rection 214, the blaze facet direction 212 and the anti-
blaze facet 213 extending along a dJrating cross-sec-
tional plane 215, according to an embodiment. In FIG. 4,
the grating cross-sectional plane 215 extends perpen-
dicular to the plane of the drawings of FIGs. 4A through
4F. In other embodiments, a method for fabricating a

blazed grating may comprise a series of stages similar
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or different to the stages of the method of the embod-
iment of FIG. 4.

The embodiment of FIG. 4 may be in accordance with any
of the embodiments disclosed with reference to and/or
in conjunction with any of FIGs. 1 to 3. Additionally
or alternatively, although not explicitly stated in the
following, the embodiment of FIG. 4 may dgenerally com-
prise any features of any of the embodiments disclosed
with reference to and/or in conjunction with any of

FIGs. 1 to 3.

With reference to FIGs. 4A, the method comprises provid-
ing a substrate 220 and a patterned mask layer 230 on
the substrate 220. The method of the embodiment of
FIG. 2 may constitute an example of a method for fabri-
cating a blazed grating, whereby the blazed grating is
formed onto a contact face of a nanoimprint stamp. As
such, the substrate 220 of the embodiment of FIG. 2 may

be a nanoimprint stamp 280 having a contact face 281.

In the embodiment of FIG. 4, the nanoimprint stamp 280
may be formed of single-crystalline silicon. In other
embodiments, a nanoimprint stamp may be formed of or
comprise any suitable material(s). For example, in some
embodiments, a nanoimprint stamp may comprise a plural-

ity of stacked layers formed of different materials.

As indicated in FIG. 4A, an interface 222 between the
substrate 220 and the mask layer 230 extends along a
base plane 260 extending perpendicular to the grating

cross-sectional plane 215.

With reference to FIG. 4B, the method performing primary
dry etching of the substrate 220 such that primary

ions 121, indicated schematically by white dots, are
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accelerated towards a primary etch direction 122 to im-
pinge on the substrate 220. In the embodiment of FIG. 4,
the primary ions 121 are collimated to form a collimated
primary ion beam for etching the substrate 220. In other
embodiments, primary ions may or may not be collimated
to form a collimated primary ion beam for etching a

substrate.

In the embodiment of FIG. 4, a primary projection 123
of the primary etch direction 122 onto the grating
cross-sectional plane 215 extends perpendicular to
blaze facet direction 212. Additionally, the process of
performing primary dry etching of the embodiment of
FIG. 4 comprises forming a groove 240 extending in the

substrate 220 along the primary etch direction 122.

With reference to FIG. 4C, the method comprises depos-
iting first material 250 into the groove 240 to form an
interstitial feature 251. In other embodiments, a
method for fabricating a blazed grating may or may not
comprise depositing first material into a groove to form

an interstitial feature.

In the embodiment of FIG. 4, the process of depositing
first material 250 into the groove 240 comprises an
atomic layer deposition step. In other words, at least
part of the first material 250 deposited into the
groove 240 is deposited using atomic layer deposition.
The first material 250 of the embodiment of FIG. 3 may
be aluminum oxide (AlO, or AlOy). In other embodiments,
wherein a process of depositing first material into a
groove comprises an atomic layer deposition step, any

suitable type of first material may be used.
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With reference to FIGs. 4D, the method comprises re-
vealing a ridge portion 221 of the substrate 220 prior
to a process of performing secondary dry etching. In the
embodiment of FIG. 4, the process of revealing the ridge
portion 221 of the substrate 220 may comprise, for ex-
ample, a lift-off step for removing the mask layer 230

and first material 250 covering the ridge portion 221.

With reference to FIGs. 4E, the method comprises per-
forming secondary dry etching of the substrate 220 such
that secondary idons 151, indicated schematically by
black dots, are accelerated towards a secondary etch
direction 152 to impinge on the substrate 220. The pro-
cess of performing secondary dry etching comprises uti-
lizing the interstitial feature 251 as an etch stop. The
interstitial feature 251 is arranged towards the blaze

facet direction 212 from the ridge portion 221.

In the embodiment of FIG. 4, the secondary etch direc-
tion 152 may extend parallel to the grating cross-sec-
tional plane 215. Consequently, the secondary etch di-
rection 152 may extend perpendicular to the base
plane 260. Since the secondary etch direction 152 may
extend perpendicular to the base plane 260, the process
of performing primary dry etching of the embodiment of

FIG. 4 may comprise a RIE step.

Finally, with reference to FIG. 3F, the method further
comprises a post-processing step, whereby the intersti-
tial feature 251 is removed, for example, by wet etch-

ing.
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It is to be understood that the embodiments described
above may be used in combination with each other. Sev-
eral of the embodiments may be combined together to form

a further embodiment.

It is obvious to a person skilled in the art that with
the advancement of technology, the basic idea of the
invention may be implemented in various ways. The in-
vention and its embodiments are thus not limited to the
examples described above, instead they may vary within

the scope of the claims.

It will be understood that any benefits and advantages
described above may relate to one embodiment or may
relate to several embodiments. The embodiments are not
limited to those that solve any or all of the stated
problems or those that have any or all of the stated

benefits and advantages.

The term “comprising” is used in this specification to
mean including the feature(s) or act(s) followed there-
after, without excluding the presence of one or more
additional features or acts. It will further be under-
stood that reference to 'an' item refers to one or more

of those items.
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CLAIMS

1. A method (100) for <fabricating a blazed
grating comprising a ridge having a blaze facet facing
a blaze facet direction and an anti-blaze facet facing
an anti-blaze facet direction, the blaze facet direction
and the anti-blaze facet direction extending along a
grating cross-sectional plane, the method comprising:

- providing a substrate and a patterned mask
layer (110) on the substrate,

- performing primary dry etching (120) of the sub-
strate such that primary ions are accelerated to-
wards a primary etch direction to impinge on the
substrate, and

- performing secondary dry etching (150) of the sub-
strate such that secondary ions are accelerated
towards a secondary etch direction to impinge on
the substrate;

wherein a primary projection of the primary
etch direction onto the grating cross-sectional plane
and a secondary projection of the secondary etch direc-
tion onto the grating cross-sectional plane extend per-
pendicular to one and the other of the blaze facet di-
rection and the anti-blaze facet direction, respec-
tively, and ions accelerated towards a direction with a
projection onto the grating cross-sectional plane per-
pendicular to the blaze facet direction are collimated
to form a collimated ion beam for etching the substrate.

2. A method (100) according to claim 1, wherein
the process of performing primary dry etching (120) com-
prises forming a groove extending in the substrate (124)
along the primary etch direction, the method (100) com-

prises depositing first material into the groove (130)
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to form an interstitial feature, and the process of
performing secondary dry etching (150) comprises uti-
lizing the interstitial feature as an etch stop (154).

3. A method (100) according to claim 2,
wherein the method (100) comprises revealing a ridge
portion (140) of the substrate prior to the process of
performing secondary dry etching (150).

4. A method (100) according to claim 2 or 3,
wherein the process of depositing first material into
the groove (130) comprises an atomic layer deposi-
tion (131) step.

5. A method (100) according to any of the pre-
ceding claims, wherein an interface between the sub-
strate and the mask layer extends along a base plane,
and the primary projection or the secondary projection
extends perpendicular to the base plane.

6. A method (100) according to claim 5,
wherein the primary etch direction or the secondary etch
direction extends perpendicular to the base plane.

7. A method (100) according any of claims 1 to
4, wherein an interface between the substrate and the
mask layer extends along a base plane, and the primary
projection and the secondary projection extend obliquely
with respect to the base plane.

8. A method (100) according to any of the pre-
ceding claims, wherein the process of providing a sub-
strate and a patterned mask layer (110) comprises
providing a plurality of elongated through-holes in a
coating (111) arranged on the substrate to form the mask
layer, the plurality of elongated through-holes extend-

ing perpendicular to the grating cross-sectional plane.
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9. A method (100) according to any of the pre-
ceding claims, wherein, under primary etching condi-
tions, the primary ions exhibit a first primary chemical
reactivity with the mask layer and a second primary
chemical reactivity higher than the first primary chem-
ical reactivity with the substrate, and/or, under sec-
ondary etching conditions, the secondary ions exhibit a
first secondary chemical reactivity with the mask layer
and a second secondary chemical reactivity higher than
the first secondary chemical reactivity with the sub-
strate.

10. A method (100) according to any of the pre-
ceding claims, whereby the blazed grating is formed onto
a face of a waveguide for coupling light into the wave-
guide and/or out of the waveguide.

11. A method according to any of claims 1 to
9, whereby the blazed grating is formed onto a contact

face of a nanoimprint stamp.
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