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DISPLAY STRUCTURE, DISPLAY DEVICE, AND VEHICLE

FIELD OF TECHNOLOGY

This disclosure concerns display devices. In particular,
this disclosure concerns waveguide-based display struc-
tures, display devices comprising such display struc-

tures, and vehicles comprising such display devices.

BACKGROUND

Generally, a small form factor is essential for various
portable displays and for vehicular displays. Displays
with reduced form factors may be realized by utilization
of waveguide-based structures for guiding light from the
optical engines of such displays towards the wusers’

eye (s) .

Since the images produced by typical optical engines are
relatively small, exit-pupil-expansion methods based on
pupil replication are commonly used to increase the
sizes of output images in conventional waveguide-based
displays. In conventional exit-pupil-expansion methods,
a light beam is coupled into a waveguide such that it
propagates towards a first direction through an exit
pupil expansion structure, e.g., a diffraction grating
or a succession of beam splitters, and the exit pupil
expansion structure forms a plurality of light beams
propagating towards a second direction perpendicular to
the first direction. Light from such plurality of light
beams is then coupled out of the waveguide to form an

output image.

Although such conventional methods have been success-

fully utilized for generation of wvarious portable and
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vehicular displays, the optical losses caused by typical
exit pupil expansion structures may be excessively high.
Such losses may to some extent be reduced by increasing
the efficiency at which an exit pupil expansion struc-
ture reflects or diffracts in-coupled light. However,
simply increasing the efficiency of an exit pupil ex-
pansion structure may result in brightness non-uniform-

ities in an output image.

In light of this, it may be desirable to develop new

solutions related to display devices.

SUMMARY

This summary 1is 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.

According to a first aspect, a display structure is pro-
vided. The display structure comprises a waveguide; an
in-coupling structure configured to couple a set of in-
put beams into the waveguide as a set of in-coupled
beams associated with a set of in-coupled k-vectors de-
fining a first domain in k-space in an annular guided
propagation domain associated with the waveguide; and a
diffractive exit pupil expansion structure configured
to receive the set of in-coupled beams and to diffract
the set of in-coupled beams to form a first set of guided
beams and a second set of guided beams associated with
a first set of k-vectors and a second set of k-vectors,
respectively, lying in the first domain and in a second

domain disjoint with the first domain, respectively. The
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display structure further comprises a diffractive out-
coupling structure configured to receive from the exit
pupil expansion structure a first diffracted set of
beams and a second diffracted set of beams associated
with a first diffracted set of k-vectors and a second
diffracted set of k-vectors, respectively, lying in the
first domain and the second domain, respectively, and
the out-coupling structure is configured to couple light
from the first diffracted set of beams and light from

the second diffracted set of beams out of the waveguide.

According to a second aspect, a display device compris-
ing a display structure in accordance with the first

aspect is provided.

According to a third aspect, a vehicle comprising a ve-
hicular display device 1in accordance with the second

aspect is provided.

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 shows a partial orthographic top view

of a display structure,

FIG. 2 depicts a normalized k-vector dia-
gram 2000 illustrating the operating principles of the

display structure,

FIG. 3 illustrates a plurality of k-vector di-
agrams illustrating the effect of various diffraction
events related to the operation of the display struc-

ture,
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FIG. 4 shows a display device, and
FIG. 5 depicts a wvehicle.

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
in said drawing in order to emphasize certain structural

aspects of the embodiment of said drawing.

Moreover, corresponding elements in the embodiments of
any two drawings of the aforementioned drawings may be
disproportionate to each other in said two drawings in
order to emphasize certain structural aspects of the

embodiments of said two drawings.

DETAILED DESCRIPTION

Concerning display structures and display devices dis-
cussed in this detailed description, the following shall

be noted.

In this specification, a “display device” may refer to
an operable output device, e.g., electronic device, for
visual presentation of images and/or data. A display
device may generally comprise any part(s) or element (s)
necessary or beneficial for visual presentation of im-
ages and/or data, for example, a power unit; an optical
engine; a combiner optics unit, such as a waveguide-
based combiner optics unit; an eye tracking unit; a head
tracking unit; a gesture sensing unit; and/or a depth
mapping unit. A display device may or may not be imple-
mented as a see-through display device and/or as a port-

able display device and/or a vehicular display device.
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Herein, a “see-through display device” or “transparent
display device” may refer to a display device allowing
its user to see the images and/or data shown on the
display device as well as to see through the display

device.

Herein, a “portable display device” may refer to a dis-
play device configured to be easily transportable and/or

configured to be carried and/or worn.

Further, a “wehicular display device” may refer to a
display device configured for use in a vehicle, for
example, while operating said vehicle. Additionally or
alternatively, a vehicular display device may refer to
a display device configured to present images and/or
data associated with a vehicle and/or operation thereof.
Generally, a vehicular display device may or may not be
implemented as a vehicle-mounted display device fixed

to a vehicle.

Throughout this disclosure, a “display structure” may
refer to at least part of an operable display device.
Additionally of alternatively, a display structure may
refer to a structure suitable for use in a display de-

vice.

Throughout this specification, a “k-vector”, or “wave
vector” may refer to a vector in k-space. Additionally
or alternatively, a k-vector may represent an optical
beam, i.e., a ray of light, with a specific propagation
direction. Generally, a k-vector associated with an op-

tical beam propagating in a medium may have a magnitude

27

defined by an (angular) wavenumber defined as k::ni—,
0

wherein n is the refractive index of the medium and A,

is the wavelength of the optical beam in vacuum. As is
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evident based on the equation above, optical beams with
shorter wavelengths have k-vectors with higher magni-
tudes. Additionally, a k-vector may point in the prop-
agation direction of the optical beam that it repre-
sents. In light of the above, a k-vector (k) may be
defined as k=k¥, wherein k is the wavenumber of the
optical beam and ¥ is a unit vector pointing in the

propagation direction of the optical beam.

Herein, “k-space”, or “angular space”, may refer to a
framework, wherein spatial frequency space analysis is
used to relate k-vectors to geometrical points. Addi-
tionally or alternatively, k-space may refer to a two-
dimensional projected space associated with a waveguide.
In k-space, any diffraction event occurring while light
propagates in a waveguide can be represented as a trans-
lation. Using the k-space formalism, the operation of a
display structure may be described by the manner in
which said display structure causes a set of input

k-vectors to move in k-space.

Generally, in an unbounded homogeneous medium, all prop-
agation directions are permitted, and the magnitudes of
all k-vectors of a given wavelength are the same. As
such, permitted k-vectors of a given wavelength in an
unbounded homogeneous medium define a hollow sphere in
k-space with a radius defined by the common wavenumber
of the k-vectors. Since the common wavenumber of the
k-vectors is proportional to the refractive index of the
medium, the radius of the hollow sphere is also propor-

tional to the refractive index of the medium.

However, in a homogeneous waveguide extending along a

plane, permitted k-vectors of a given wavelength are
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commonly represented by a solid disk with a radius de-
fined by the common wavenumber of the k-vectors. Such
representation may be viewed as a projection of the
previously described hollow sphere onto a plane in
k-space corresponding to the plane along which the wave-
guide extends. Every point within the boundary of the
solid disk corresponds to two permitted k-vectors having
components perpendicular to the plane opposite to one
another. For example, in case of a homogeneous waveguide
extending along the x-y plane, the out-of-plane compo-

nent of k, of a k-vector with a wavenumber k is given

by kZ:i’kZ—ki—ki, wherein k, and k, are the magnitudes

of the x- and y-components of the k-vector, respec-
tively. Similarly to the case in unbounded homogeneous
medium, the radius of the solid disk is proportional to

the refractive index of the waveguide.

Typically, not all k-vectors permitted in a waveguide
are guided in the waveguide. A waveguide is commonly
surrounded by a medium having a refractive index less
than that of the waveguide. Generally, a separate solid
disk may be defined to represent permitted k-vectors in
such medium. Since the refractive index of the surround-
ing medium is less than that of the waveguide, the solid
disk associated with the surrounding medium has a radius
less than that of the solid disk associated with the

waveguide.

In general, an annular domain in k-space defined by the
relative complement of such smaller solid disk in such
larger solid disk, i.e., the difference of the larger
solid disk and the smaller solid disk, may be referred

to as a “guided propagation domain” associated with a
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waveguide. All k-vectors with in-plane components lying
within such guided propagation domain of a waveguide may

propagate in said waveguide in guided manner.

As stated above, the smaller solid disk represents per-
mitted k-vectors in a medium surrounding a waveguide.
Since light to be coupled into or out of a waveguide
must be able to propagate in such surrounding medium,
only k-vectors with in-plane components lying within
such smaller solid disk may be coupled into or out of a
waveguide. Consequently, the smaller solid disk repre-
senting permitted k-vectors in a medium surrounding a
waveguide may be referred to as a “coupling domain”

associated with said waveguide.

In light of the above, k-vectors permitted in a wave-
guide can be depicted in k-space using a two-dimensional
k-vector diagram. Herein, a “k-vector diagram” may refer
to a depiction of k-space, wherein guided propagation
angles for optical beams propagating in a waveguide are
represented by an annular guided propagation domain as-
sociated with said waveguide. Additionally or alterna-
tively, a k-vector diagram may refer to a depiction of
k-space, wherein non-guided propagation angles of opti-
cal beams propagating in a waveguide are represented by

a coupling domain associated with said waveguide.

Generally, the outer radius of a guided propagation do-
main may be inversely proportional to wavelength of
light such that light of lower wavelength may be asso-
ciated with a wider guided propagation domain. Although
the width of a guided propagation domain may influence
the range of k-vectors that may be guided in a waveguide,

a non-dispersive waveguide may still not be generally
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able to support a wider field of view with lower wave-
lengths. This may be due to the angular extent of a
field of view being inversely proportional to wave-
length. In light of this, k-vector diagrams are typi-
cally normalized such that a solid disk associated with
propagation in vacuum is depicted with unity radius,

i.e., the plots are normalized by dividing each k-vector
by its wavenumber in vacuum (k,), i.e., by ko=§}
FIG. 1 depicts a partial orthographic top view of a
display structure 1000 according to an embodiment,
FIG. 2 shows a normalized k-vector diagram 2000 illus-
trating the operating principles of the display struc-
ture 1000, and FIG. 3 depicts a plurality of k-vector
diagrams 3000 for further illustrating the effect of
various diffraction events related to the operation of
the display structure 1000. In other embodiments, a dis-
play structure may be identical, similar, or different
to the display structure 1000 of the embodiment of FIGs.
1 to 3.

In the embodiment of FIGs. 1 to 3, the display struc-
ture 1000 comprises a waveguide 1100. In Fig. 1, the
waveguide 1100 extends parallel to the plane of the fig-

ure.

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. Additionally or alternatively, a wave-
guide may refer to a two-dimensional waveguide, wherein
light may be confined between opposite faces of said

waveguide by total internal reflection.
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In the embodiment of FIGs. 1 to 3, the display struc-

ture 1000 comprises an in-coupling structure 1200.

Throughout this disclosure, an “in-coupling structure”
may refer to a structure configured to couple a set of
input beams into a waveguide for guided propagation
therein. Generally, an in-coupling structure may com-
prise, for example, one or more diffractive optical el-
ements, such as diffraction gratings; and/or one or more
reflective optical elements, such as mirrors; and/or one

or more refractive optical elements, such as prisms.

In the embodiment of FIGs. 1 to 3, the waveguide 1100
may have a refractive index of approximately 2 through-
out the visible spectrum. In other embodiments, a wave-
guide may have any suitable refractive index with any

suitable dispersive properties.

The waveguide 1100 may be surrounded by air with a re-
fractive index of approximately 1 throughout the visible
spectrum. Consequently, light may be guided within the
waveguide 1100 between opposite air-glass interfaces.
In other embodiments, light may be guided within a wave-
guide between any suitable interfaces, for example, air-

glass interfaces.

As schematically depicted in FIG. 1, the in-coupling
structure 1200 of the embodiment of FIGs. 1 to 3 1is
configured to couple a set of input beams 1020 into the

waveguide 1100 as a set of in-coupled beams 1021.

Herein, a “set of input beams” may refer to a set of
optical beams directed to an in-coupling structure and
corresponding to an input image. Additionally or alter-

natively, a set of input beams may refer to a set of
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optical beams propagating towards an in-coupling struc-
ture of a display structure from a solid angle defining
a field of view of said display structure. Additionally
of alternatively, a set of input beams may refer to a
set of optical beams associated with a set of input
k-vectors lying in a coupling domain associated with a

waveguide.

Further, a “set of in-coupled beams” may refer to a set
of optical beams coupled into a waveguide by an in-
coupling structure. Additionally or alternatively, a set
of in-coupled beams may refer to a set of optical beams
corresponding to an image and propagating in guided man-
ner within a waveguide. Additionally of alternatively,
a set of in-coupled beams may refer to a set of optical
beams associated with a set of in-coupled k-vectors ly-
ing in a guided propagation domain associated with a

waveguide.

Additionally of alternatively, a set of in-coupled beams
and/or a set of input beams may correspond to a field
of view of an image. The image may comprise, for example,

an image to be displayed to a user.

The set of input beams 1020 and the set of in-coupled
beams 1021 of the embodiment of FIGs. 1 to 3 are asso-
ciated with a set of input k-vectors 3020 and a set of

in-coupled k-vectors 3021, respectively.

In the plurality of k-vector diagrams 3000 of FIG. 3,
the set of input k-vectors 3020 is schematically illus-
trated as a set of points in the first k-vector dia-
gram 3100, the set of in-coupled k-vectors 3021 is sche-
matically illustrated as a set of points in the second

k-vector diagram 3200, and the coupling of the set of
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input beams 1020 into the waveguide 1100 as the set of
in-coupled beams 1021 is represented schematically as
an arrow extending from the first k-vector diagram 3100

to the second k-vector diagram 3200.

As is evident based on FIGs. 2 and 3, the set of input
k-vectors 3020 and the set of in-coupled k-vectors 3021
lie in an in-coupling domain 2100 and in a first do-
main 2310, respectively. The first domain 2310 is sit-
uated in an annular guided propagation domain 2001 as-
sociated with the waveguide 1100, whereas the in-cou-
pling domain 2100 lies in a coupling domain 2002 sur-

rounded by the guided propagation domain 2001.

In the embodiment of FIGs. 1 to 3, the in-coupling do-
main 2100 is arranged centrally in the coupling do-
main 2002. In other embodiments, an in-coupling do-
main may be arranged in a coupling domain in any suit-

able manner, for example, centrally or off-centrally.

Herein, a “first domain” may refer to a domain in k-space
situated within a guided propagation domain associated
with a waveguide. Additionally or alternatively, a first
domain may refer to a domain in k-space defined by a set
of in-coupled k-vectors coupled into a waveguide by an
in-coupling structure. Herein, “a domain in k-space
defined by a set of in-coupled k-vectors” may refer to
a smallest non-empty connected open set within a guided
propagation domain associated with a waveguide compris-
ing each of the points representing said set of in-

coupled k-vectors.

In the embodiment of FIGs. 1 to 3, the display struc-
ture 1000 further comprises a diffractive exit pupil

expansion structure 1300.
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In this specification, a structure being “diffractive”
may refer to said structure comprising a diffractive
optical element. Herein, a “diffractive optical ele-
ment”, may refer to an optical element the operation of
which is based on diffraction of light. Generally, a
diffractive optical element may comprise structural fea-
tures with at least one dimension of the order of the
wavelengths of visible light, for example, at least one
dimension less than one micrometer. Typical examples of
diffractive optical elements include diffraction grat-
ings, e.g., one- and two-dimensional diffraction grat-
ings, which may be implemented as single-region dif-
fraction gratings or as multi-region diffraction grat-
ings. Diffraction gratings may generally be implemented,
at least, as surface relief diffraction gratings or vol-
ume holographic diffraction gratings, and they may be
configured to function as transmission- and/or reflec-

tion-type diffraction gratings.

Further, “exit pupil expansion”, or “EPE, may refer to
a process of distributing light within a waveguide in a
controlled manner so as to expand the portion of said
waveguide wherefrom out-coupling of light occurs. Gen-
erally, exit pupil expansion may be accomplished in
waveguide-based display structure using so-called “pu-
pil replication” schemes, wherein a plurality of exit
sub-pupils are formed in an imaging system. Conse-
quently, an “exit pupil expansion structure” may refer
to a structure suitable or configured for exit pupil

expansion, for example, by pupil replication.

As schematically depicted in FIG. 1, the exit pupil ex-
pansion structure 1300 of the embodiment of FIGs. 1 to

3 1is configured to receive the set of in-coupled



WO 2023/105115 PCT/F12022/050773

10

15

20

25

30

14

beams 1021 and to diffract the set of in-coupled
beams 1021 to form a first set of guided beams 1031 and

a second set of guided beams 1032.

When the set of in-coupled beams and/or the set of input
beams correspond to a field of view of an image, the
first set of guided beams 1031 and the second set of
guided beams 1032 may also correspond to the field of
view of the image. Thus, the exit pupil expansion struc-
ture 1300 can produce copies of the whole field of view
of the image. Thus, the first set of guided beams 1031
and the second set of guided beams 1032 may comprise a

copy of the whole field of view of the image.

In the embodiment of FIGs. 1 to 3, the first set of
guided beams 1031 is associated with a first set of
k-vectors 3031, and the second set of guided beams 1032
is associated with a second set of k-vectors 3032. In
the plurality of k-vector diagrams 3000 of FIG. 3, the
first set of k-vectors 3031 and the second set of k-vec-
tors 3032 are depicted as sets of points in a third
k-vector diagram 3300, and the diffraction of the set
of in-coupled beams 1021 by the exit pupil expansion
structure 1300 to form the first set of guided
beams 1031 and the second set of guided beams 1032 is
represented schematically as an arrow extending from the
second k-vector diagram 3200 to the third k-vector di-
agram 3300. As shown in FIGs. 2 and 3, the first set of
k-vectors 3031 lies in the first domain 2310, and the
second set of k-vectors 3032 1lies in a second do-
main 2320 disjoint with the first domain 2310 and ar-
ranged in the guided propagation domain 2001.
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The first domain 2310 and the second domain 2320 of the
embodiment of FIGs. 1 to 3 are arranged symmetrically
with respect to the ki /ky axis in the k-vector dia-
gram 2000 of FIG. 2. In other embodiments, a first do-
main and a second domain may or may not be arranged
symmetrically with respect to a line extending via an
origin of a k-vector diagram associated with a wave-
guide. For example, in some embodiments, one of a first
domain and a second domain may be arranged at a first
radial distance from an origin of a k-vector diagram
associated with a waveguide, and the other of said first
domain and said second domain may be arranged at a sec-
ond radial distance different to, i.e., greater or less

than, said first radial distance from said origin.

The display structure 1000 of the embodiment of FIGs. 1
to 3 further comprises a diffractive out-coupling struc-

ture 1400.

In this disclosure, an “out-coupling structure” may re-
fer to a structure configured to couple light out of a

waveguide.

As schematically depicted in FIG. 1, the out-coupling
structure 1400 of the embodiment of FIGs. 1 to 3 1is
configured to receive from the exit pupil expansion
structure 1300 a first diffracted set of beams 1041 and

a second diffracted set of beams 1042.

Throughout this specification, a “first diffracted set
of beams” and a “second diffracted set of beams” may
refer to sets of beams to be received by an out-coupling
structure from an exit pupil expansion structure,
wherein said first diffracted set of beams and said

second diffracted set of beams may be associated with a
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first diffracted set of k-vectors lying in a first do-
main in k-space and second set of k-vectors lying in a
second domain disjoint with said first domain, respec-
tively. Additionally, or alternatively, a first dif-
fracted set of beams” may refer to a set of beams com-
prising light from a set of in-coupled beams and/or
light from a secondary set of in-coupled beams coupled

into a waveguide by an in-coupling structure.

The first diffracted set of beams 1041 and a second
diffracted set of beams 1042 are associated with a first
diffracted set of k-vectors 3041 and a second diffracted
set of k-vectors 3042, respectively. In the plurality
of k-vector diagrams 3000 of FIG. 3, the first dif-
fracted set of k-vectors 3041 and the second diffracted
set of k-vectors 3042 are depicted as sets of points in
a fourth k-vector diagram 3400, and the propagation of
the first diffracted set of beams 1041 and the second
diffracted set of beams 1042 from the exit pupil expan-
sion structure 1300 to the out-coupling structure 1400
is represented schematically as an arrow extending from
the third k-vector diagram 3300 to the fourth k-vector
diagram 3400. As shown in FIGs. 2 and 3, the first dif-
fracted set of k-vectors 3041 lies 1in the first do-
main 2310, and the second diffracted set of k-vec-

tors 3042 lies in the second domain 2320.

In the embodiment of FIGs. 1 to 3, the out-coupling
structure 1400 is further configured to couple 1light
from the first diffracted set of beams 1041 and light
from the second diffracted set of beams 1042 out of the
waveguide 1100. Generally, an out-coupling structure

being configured to outcouple light both from a first
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diffracted set of beams associated with a first dif-
fracted set of k-vectors lying in a first domain in
k-space and from a second diffracted set of beams asso-
ciated with a second diffracted set of k-vectors lying
in a second domain disjoint with said first domain may

reduce optical losses related to exit pupil expansion.

In the plurality of k-vector diagrams 3000 of FIG. 3,
k-vectors corresponding to light coupled out of the
waveguide 1100 by the out-coupling structure 1400 is
schematically illustrated as a set of points in a fifth
k-vector diagram 3500, and the out-coupling of the light
is represented schematically as an arrow extending from
the fourth k-vector diagram 3400 to the fifth k-vector
diagram 3500. As shown in FIGs. 2 and 3, k-vectors cor-
responding to light coupled out of the waveguide 1100
by the out-coupling structure 1400 lie in an out-cou-

pling domain 2200 arranged in the coupling domain 2002.

In the embodiment of FIGs. 1 to 3, the out-coupling
domain 2200 is arranged centrally in the coupling do-
main 2002. In other embodiments, an out-coupling do-
main may be arranged in a coupling domain in any suit-
able manner, for example, centrally or off-centrally.
In some embodiments, an out-coupling domain may be

aligned with an in-coupling domain.

In the normalized k-vector diagram 2000 of FIG. 2, the
diffraction of the set of in-coupled beams 1021 by the
exit pupil expansion structure 1300 is represented as a
fundamental exit pupil expansion grating k-vector (G®f%)
extending from the first domain 2310 to the second do-

main 2320. As such, the exit pupil expansion struc-
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ture 1300 is configured to diffract the set of in-cou-
pled beams 1021 by zeroth-order diffraction to form the
first set of guided beams 1031 and by first-order dif-
fraction (GF¥*F) to form the second set of guided
beams 1032. Generally, an exit pupil expansion struc-
ture being configured to diffract a set of in-coupled
beams by zeroth-order and first-order diffractions to
form a first set of guided beams and a second set of
guided beams may further facilitate reducing optical

losses related to exit pupil expansion.

Herein, a “grating k-vector” may refer to a vector in
k-space representing the effect of a diffractive optical
element on the propagation direction of an optical beam
represented by a k-vector. Additionally or alterna-
tively, a grating k-vector associated with a diffractive
optical element may refer to a vector in k-space that
may be added to an in-plane component of a k-vector
associated with an optical beam in order to represent
the effect of said diffractive optical element on the

propagation of said optical beam.

Generally, diffractive optical elements may be utilized
for coupling optical beams into and/or out of a wave-
guide and/or for altering the propagation direction of
said optical beams within said waveguide. The magnitudes
and directions of a grating k-vector representing the
effect of a diffractive optical element are determined
by the properties of said diffractive optical element.
In particular, a fundamental grating vector may be as-
sociated with each periodicity direction of a diffrac-
tive optical element, the direction and magnitude of
each fundamental grating vector being determined by the

direction and pitch of said diffractive optical element
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in its associated periodicity direction. Higher order
grating vectors of a diffractive optical element may
then be expressed as integer linear combinations of the
fundamental grating vectors of a diffractive optical
element. For example, assuming that a diffractive opti-
cal element has a first periodicity in a first direction
and a second periodicity in a second direction, a first
fundamental grating vector G; and a second fundamental
grating vector G, may be associated with the first di-
rection and the second direction, and higher order grat-
ing vectors, such as G tG,, G;-G,, -2G;, and 3G,, may be

defined based on the fundamental grating vectors.

Throughout this specification, “Nth-order diffraction”,
e.g., first-order diffraction or second-order diffrac-
tion, may refer to positive Nth-order diffraction and/or
negative Nth-order diffraction. Additionally or alter-
natively, a structure being configured to “diffract a
set of beams by Nth-order diffraction” may refer to said
structure being configured to diffract said set of beams
in a manner representable by a grating k-vector NG,
wherein G is a fundamental grating k-vector of a dif-

fractive optical element of said structure.

In other embodiments, an exit pupil expansion structure
may or may not be configured to diffract a set of in-
coupled beams by zeroth-order and first-order diffrac-
tions to form a first set of guided beams and a second
set of guided beams. For example, in some embodiments,
an exit pupil expansion structure may be configured to
diffract a set of in-coupled beams by zeroth-order dif-
fraction to form a first set of guided beams and by

second-order diffraction to form a second set of guided
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beams. In such embodiments, said exit pupil expansion
structure may be configured to diffract said set of in-
coupled beams by first-order diffraction to form a third
set of guided beams associated with a third set of
k-vectors lying in a third domain disjoint with each of
a first domain and a second domain. In some such embod-
iments, an out-coupling structure may be configured to
receive from said exit pupil expansion structure a third
diffracted set of beams associated with a third dif-
fracted set of k-vectors lying in said third domain and
to couple light from light from said third diffracted

set of beams out of a waveguide.

As schematically depicted in FIG. 1, the exit pupil ex-
pansion structure 1300 of the embodiment of FIGs. 1 to
3 is configured to further increase number of diffracted
beams by diffracting the first set of guided beams 1031
and the second set of guided beams 1032. Generally, an
exit pupil expansion structure being configured to fur-
ther increase number of diffracted beams by diffracting
a first set of guided beams and a second set of guided
beams may facilitate reducing spatial image brightness
variations throughout an out-coupling structure. 1In
other embodiments, an exit pupil expansion structure may
or may not be configured in such manner. For example,
in some embodiments, an exit pupil expansion struc-
ture may be configured to suppress diffraction of a sec-
ond set of guided beams by minimizing diffraction effi-

ciency to specific diffraction order(s).

In the embodiment of FIGs. 1 to 3, the exit pupil ex-
pansion structure 1300 comprises a one-dimensional exit
pupil expansion grating 1310 for diffracting the set of

in-coupled beams 1021 to form the first set of guided
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beams 1031 and the second set of guided beams 1032. Gen-
erally, an exit pupil expansion structure comprising a
one-dimensional exit pupil expansion grating may facil-
itate formation of said exit pupil expansion structure.
Additionally or alternatively, an exit pupil expansion
structure comprising a one-dimensional exit pupil ex-
pansion grating may facilitate directing light from a
set of in-coupled beams towards specific diffraction
orders in order to reduce optical losses related to exit

pupil expansion.

In other embodiments, an exit pupil expansion struc-
ture may or may not comprise a one-dimensional exit pu-
pil expansion grating. For example, in some embodiments,
an exit pupil expansion structure may comprise a two-
dimensional diffractive exit pupil expansion element.
In some such embodiments, said exit pupil expansion el-
ement may have a primary periodicity along a primary
direction for diffracting a set of in-coupled beams to
form a first set of guided beams and a second set of
guided beams and a secondary periodicity along a sec-
ondary direction different to the primary direction. In
some such embodiments, said secondary periodicity may
be defined by a pitch preventing diffraction of light
received by said exit pupil expansion structure along

said secondary direction.

In the embodiment of FIGs. 1 to 3, the first domain 2310
defines a first light guiding direction 1001, the second
domain 2320 defines a second light guiding direc-
tion 1002, and a smallest angle (o) between the first
light guiding direction 1001 and the second light guid-
ing direction 1002 is approximately 60°. Generally, a

lower angle between a first light guiding direction and
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a second light guiding direction may reduce optical
losses caused by light propagating past or across an
out-coupling structure, whereas a higher angle between
a first light guiding direction and a second light guid-
ing direction may facilitate reducing size of an exit
pupil expansion structure. In other embodiments, any
suitable smallest angle, for example, a smallest angle
greater than or equal to 45°, or to 55°, and/or less
than or equal to 65°, or to 75°, may exist between a
first light guiding direction and a second light guiding

direction.

Herein, a domain in k-space situated within a guided
propagation domain associated with a waveguide “defin-
ing a light guiding direction” may refer to said wave-
guide extending laterally along a plane and said domain
comprising a characteristic point, e.g., centroid of
said domain, defining said light guiding direction along

said plane.

As schematically depicted in FIG. 1, the out-coupling
structure 1400 of the embodiment of FIGs. 1 to 3 is
configured to diffract the first diffracted set of
beams 1041 and the second diffracted set of beams 1042
to form a first additional set of beams 1043 and a second

additional set of beams 1044, respectively.

The first additional set of beams 1043 and a second
additional set of beams 1044 are associated with a first
additional set of k-vectors 3043 and a second additional
set of k-vectors 3044, respectively. In the plurality
of k-vector diagrams 3000 of FIG. 3, the first addi-

tional set of k-vectors 3043 and the second additional
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set of k-vectors 3044 are depicted in the fourth k-vec-
tor diagram 3400 as sets of points superimposed on the
sets of points depicting the second diffracted set of
k-vectors 3042 and the first diffracted set of k-vec-
tors 3041, respectively. As shown in FIGs. 2 and 3, the
first additional set of k-vectors 3043 lies in the sec-
ond domain 2320, and the second additional set of k-vec-

tors 3044 lies in the first domain 2310.

Generally, an out-coupling structure being configured
to diffract a first diffracted set of beams and/or a
second diffracted set of beams to form a first addi-
tional set of beams and/or a second additional set of
beams, respectively, associated with a first additional
set of k-vectors and/or a second additional set of
k-vectors, respectively, lying in a second domain and/or
a first domain, respectively, may facilitate reducing
spatial image brightness variations throughout an out-
coupling structure. In other embodiments, an out-cou-
pling structure may or may not be configured in such

manner.

In the embodiment of FIGs. 1 to 3, the out-coupling
structure 1400 comprises a two-dimensional out-coupling
grating 1410 having a first periodicity for coupling
light from the first diffracted set of beams 1041 out
of the waveguide 1100, a second periodicity for coupling
light from the second diffracted set of beams 1042 out
of the waveguide 1100, and a third periodicity for form-
ing the first additional set of beams 1043 and the sec-
ond additional set of beams 1044.
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Generally, out-coupling structure comprising a two-di-
mensional out-coupling grating having a first periodic-
ity for coupling light from a first diffracted set of
beams out of a waveguide, a second periodicity for cou-
pling light from a second diffracted set of beams out
of said waveguide, and a third periodicity for forming
a first additional set of beams and/or a second addi-
tional set of beams may enable forming an out-coupling

structure with single-sided fabrication methods.

In other embodiments, an out-coupling structure may or
may not comprise such a two-dimensional out-coupling
grating. For example, in some embodiments, wherein an
out-coupling structure is configured to diffract a first
diffracted set of beams and/or a second diffracted set
of beams to form a first additional set of beams and/or
a second additional set of beams, respectively, said
out-coupling structure may comprise at least two mutu-
ally at least partly laterally overlapping diffractive
optical elements for coupling light from both a first
diffracted set of beams and from a second diffracted set
of beams out of a waveguide and for forming a first
additional set of beams and/or a second additional set

of beams.

In the normalized k-vector diagram 2000 of FIG. 2, the
coupling of light from the first diffracted set of
beams 1041 out of the waveguide 1100 is represented as
a fundamental primary out-coupling grating k-vec-
tor (G{“) extending from the first domain 2310 to the
out-coupling domain 2200. Similarly, the coupling of
light from the second diffracted set of beams 1042 out
of the waveguide 1100 is represented as a fundamental

secondary out-coupling grating k-vector (Gy°) extending



WO 2023/105115 PCT/F12022/050773

10

15

20

25

30

25

from the second domain 2320 to the out-coupling do-
main 2200. As such, the out-coupling structure 1400 is
configured to diffract light from the first diffracted
set of beams 1041 and light from the second diffracted
set of beams 1042 out of the waveguide 1100 by first-
order diffraction (G{°, GY°). In other embodiments, an
out-coupling structure may or may not be configured to
diffract light from a first diffracted set of
beams and/or light from a second diffracted set of beams

out of the waveguide by first-order diffraction.

Further, in the normalized k-vector diagram 2000 of
FIG. 2, the diffraction of the first diffracted set of
beams 1041 to form the first additional set of
beams 1043 is represented as a fundamental tertiary out-
coupling grating k-vector (GJ°) extending from the first
domain 2310 to the second domain 2320. Correspondingly,
the diffraction of the second diffracted set of
beams 1042 to form the second additional set of
beams 1044 could be represented by the inverse of GI°,
i.e., —GY°, which extends from the second domain 2320
to the first domain 2310. As such, the out-coupling
structure 1400 is configured to diffract the first dif-
fracted set of beams 1041 and the second diffracted set
of beams 1042 to form the first additional set of
beams 1043 and the second additional set of beams 1044,
respectively, by first-order diffraction (G3°, —G5°). In
other embodiments, an out-coupling structure may or may
not be configured to diffract a first diffracted set of
beams and a second diffracted set of beams to form a
first additional set of beams and a second additional

set of beams, respectively, by first-order diffraction.
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As indicated schematically in FIG. 1 by the straight
solid arrow extending from the in-coupling struc-
ture 1200 via the exit pupil expansion structure 1300
to the out-coupling structure 1400, the in-coupling
structure 1200 is configured to couple the set of input
beams 1020 into the waveguide 1100 such that light from
the set of in-coupled beams 1021 is guided to the out-
coupling structure 1400 without being subjected to non-
zeroth-order diffractions. Generally, an in-coupling
structure being configured in such manner may further

reduce optical losses related to exit pupil expansion.

In other embodiments, an in-coupling structure may or
may not be configured to couple a set of input beams
into a waveguide such that light from a set of in-
coupled beams is guided to an out-coupling structure
without being subjected to non-zeroth-order diffrac-
tions. For example, in some embodiments, an in-coupling
structure may be configured to couple a set of input
beams into a waveguide such that light from a set of in-
coupled beams, which is guided solely by non-zeroth-
order diffractions, is guided past an exit pupil expan-
sion structure. Such arrangement may generally facili-
tate reducing spatial image brightness variations

throughout an out-coupling structure.

As indicated in FIG. 1 schematically by a dashed arrow
extending from the in-coupling structure 1200, the in-
coupling structure 1200 of the embodiment of FIGs. 1 to
3 may be configured to couple the set of input beams 1020
into the waveguide 1100 as a secondary set of in-coupled

beams 1022.
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The secondary set of in-coupled beams 1022 of the em-
bodiment of FIGs. 1 to 3 may be associated with a sec-
ondary set of in-coupled k-vectors 3022. In the plural-
ity of k-vector diagrams 3000 of FIG. 3, the secondary
set of in-coupled k-vectors 3022 is schematically il-
lustrated as a set of points in a sixth k-vector dia-
gram 3600, and the coupling of the set of input
beams 1020 into the waveguide 1100 as the secondary set
of in-coupled beams 1022 is represented schematically
as a dashed arrow extending from the first k-vector
diagram 3100 to the sixth k-vector diagram 3600. As
shown on FIGs. 2 and 3, the secondary set of in-coupled

k-vectors 3022 lies in in the second domain 2320.

In other embodiments, an in-coupling structure may or
may not be configured to couple a set of input beams into
a waveguide as a secondary set of in-coupled beams as-
sociated with a secondary set of in-coupled k-vec-

tors lying in a second domain.

Generally, a display structure and/or any part(s)
thereof may or may not be configured to control propa-
gation of 1light from a secondary set of in-coupled
beams in manners corresponding with manners in which
propagation of light from a set of in-coupled beams is

controlled.

For example, as shown schematically in FIG. 1 using
dashed arrows, the diffractive exit pupil expansion
structure 1300 may be configured to receive the second-
ary set of in-coupled beams 1022 and to diffract the
secondary set of in-coupled beams 1022 to form a first
secondary set of guided beams 1033 and a second second-

ary set of guided beams 1034.
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The first secondary set of guided beams 1033 and the
second secondary set of guided beams 1034 may be asso-
ciated with a first secondary set of k-vectors 3033 and
a second secondary set of k-vectors 3034, respectively.
In the plurality of k-vector diagrams 3000 of FIG. 3,
the first secondary set of k-vectors 3033 and the second
secondary set of k-vectors 3034 are depicted as sets of
points in a seventh k-vector diagram 3700, and the dif-
fraction of the secondary set of in-coupled beams 1022
by the exit pupil expansion structure 1300 to form the
first secondary set of guided beams 1033 and the second
secondary set of guided beams 1034 is represented sche-
matically as a dashed arrow extending from the sixth
k-vector diagram 3600 to the seventh k-vector dia-

gram 3700.

Generally, a diffractive exit pupil expansion struc-
ture being configured to receive a secondary set of in-
coupled beams from an in-coupling structure and to dif-
fract said secondary set of in-coupled beams to form a
first secondary set of guided beams and a second sec-
ondary set of guided beams associated with a first sec-
ondary set of k-vectors and a second secondary set of
k-vectors, respectively, lying in a first domain and a
second domain, respectively, may facilitate reducing
spatial image brightness wvariations throughout an out-

coupling structure.

In other embodiments, wherein an in-coupling struc-
ture is configured to couple a set of input beams into
a waveguide as a secondary set of in-coupled beams as-
sociated with a secondary set of in-coupled k-vec-
tors lying in a second domain, an exit pupil expansion

structure may or may not be configured to receive said
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secondary set of in-coupled beams and to diffract said
secondary set of in-coupled beams to form a first sec-
ondary set of guided beams and a second secondary set
of guided beams associated with a first secondary set
of k-vectors and a second secondary set of k-vectors,
respectively, lying in a first domain and a second do-

main, respectively.

In the normalized k-vector diagram 2000 of FIG. 2, the
diffraction of the secondary set of in-coupled
beams 1022 by the exit pupil expansion structure 1300

G"**, i.e., —G"F.

could be represented by the inverse of
Consequently, the exit pupil expansion structure 1300
is configured to diffract the secondary set of in-cou-
pled beams 1022 by first-order diffraction (—G**) to
form the first secondary set of guided beams 1033 and
by zeroth-order diffraction to form the second secondary
set of guided beams 1034. In other embodiments, an exit
pupil expansion structure may or may not be configured
to diffract a secondary set of in-coupled beams by
first-order diffraction to form a first secondary set
of guided beams and by zeroth-order diffraction to form

a second secondary set of guided beams.

In the embodiment of FIGs. 1 to 3, the in-coupling
structure 1200 comprises an in-coupling grating 1210
for coupling the set of input beams 1020 into the wave-
guide 1100. In other embodiments, an in-coupling struc-
ture may or may not comprise such in-coupling grating.
For example, in some embodiments, an in-coupling struc-
ture may comprise one or more reflective optical ele-
ments, such as mirrors, and/or one or more refractive
optical elements, such as prisms, in addition to or as

an alternative to an in-coupling grating.
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The in-coupling grating 1210 of the embodiment of FIGs.
1 to 3 may be implemented as a two-dimensional grating
configured to couple the set of input beams 1020 into
the waveguide 1100 as the set of in-coupled beams 1021
and as the secondary set of in-coupled beams 1022. Gen-
erally, an in-coupling structure comprising a two-di-
mensional in-coupling grating for coupling a set of in-
put beams into a waveguide as a set of in-coupled beams
and as a secondary set of in-coupled beams may facili-
tate reducing spatial image Dbrightness variations
throughout an out-coupling structure. In other embodi-
ments, wherein an in-coupling structure is configured
to couple a set of input beams into a waveguide as a
secondary set of in-coupled beams associated with a sec-
ondary set of in-coupled k-vectors lying in a second
domain, said in-coupling structure may or may not com-
prise a two-dimensional in-coupling grating. For exam-
ple, in some embodiments, an in-coupling structure may
comprise a first in-coupling element, e.g., a diffrac-
tive, reflective, or refractive optical element, for
coupling a set of input beams into a waveguide as a set
of in-coupled beams and a second in-coupling element,
e.g., a diffractive, reflective, or refractive optical
element, for coupling said set of input beams into said
waveguide as a secondary set of in-coupled beams. In
such embodiments, said first in-coupling element and
said second in-coupling element may or may not be ar-

ranged to laterally overlap one another at least partly.

In the normalized k-vector diagram 2000 of FIG. 2, the
coupling of the set of input beams 1020 into the wave-
guide 1100 as the set of in-coupled beams 1021 is rep-

resented as a fundamental primary in-coupling grating
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k-vector (Gi“) extending from the in-coupling do-
main 2100 to the first domain 2310, whereas the coupling
of the set of input beams 1020 into the waveguide 1100
as secondary set of in-coupled beams 1022 is represented
as a fundamental secondary in-coupling grating k-vec-
tor (G,°) extending from the in-coupling domain 2100 to
the second domain 2320. As such, the in-coupling struc-
ture 1200 is configured to diffract the set of input
beams 1020 by first-order diffraction (G, G3°) to form
the set of in-coupled beams 1021 and the secondary set
of in-coupled beams 1022. In other embodiments, an in-
coupling structure may or may not be configured to dif-
fract a set of input beams by first-order diffraction to
form a set of in-coupled beams and/or a secondary set

of in-coupled beams.

In the embodiment of FIGs. 1 to 3, the in-coupling grat-
ing 1210, the exit pupil expansion grating 1310, and the
out-coupling grating 1410 are arranged symmetrically
with respect a fictitious transverse plane 1003 extend-
ing along to a thickness direction of the wave-
guide 1100. In FIG. 1, the transverse plane 1003 ex-
tends perpendicular to the plane of the figure. In other
embodiments, an in-coupling grating, an exit pupil ex-
pansion grating, and an out-coupling grating may or may
not be arranged symmetrically with respect to a trans-
verse plane extending along to a thickness direction of

a waveguide.

Any diffractive optical element (s) in the display struc-
ture 1000, including the in-coupling grating 1210, the
exit pupil expansion grating 1310, and the out-coupling

grating 1410, may be formed at least partly using
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nanoimprint lithography. In other embodiments, any suit-
able fabrication method(s), for example, nanoimprint
lithography and/or electron-beam lithography, may be

used.

It is to be understood that the embodiments of the first
aspect described above may be used in combination with
each other. Several of the embodiments may be combined

together to form a further embodiment.

Above, mainly features related to display structures are
discussed. In the following, more emphasis will lie on
aspects related to display devices. What is said above
about the ways of implementation, definitions, details,
and advantages applies, mutatis mutandis, to the display

devices discussed below. The same applies vice versa.

FIG. 4 depicts a display device 4000 according to an
embodiment. The embodiment of FIG. 4 may be in accord-
ance with any of the embodiments disclosed with refer-
ence to or in conjunction with any of FIGs. 1 to 3.
Additionally or alternatively, although not explicitly
shown in FIG. 4, the embodiment of FIG. 4 or any part
thereof may generally comprise any features and/or el-

ements of the embodiment of FIGs. 1 to 3.

In the embodiment of FIG. 4, the display device 4000 is
implemented as a head-mounted see-through display de-
vice, more specifically, as spectacles comprising a see-
through display. In other embodiments, a display device
may be implemented in any suitable manner, for example,
as a portable display device and/or as a vehicular dis-
play device, which may or may not be further implemented

as a see-through display device. In some embodiments, a
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display device may be implemented specifically as a

head-mounted display device.

Herein, a “head-mounted display device” may refer to a
portable display device configured to be worn on the
head, as part of a piece of headgear, and/or on or over
the eyes. Generally, a head-mounted display device may
or may not be implemented as a see-through display de-

vice and/or as a vehicular display device.

In the embodiment of FIG. 4, the display device 4000
comprises a frame 4100 and a display structure 4200 ac-
cording to the first aspect supported by the frame 4100.
The display structure 4200 comprises a waveguide 4210,
an in-coupling structure 4220, an exit pupil expansion
structure 4230, and an out-coupling structure 4240. In
other embodiments, display device may or may not com-

prise a frame for supporting a display structure.

As shown in FIG. 4, the display device 4000 further com-
prises an optical engine 4250 configured to direct
light 4251 to be coupled into the waveguide 4210 to the
in-coupling structure 4220. In other embodiments, a dis-

play device may or may not comprise such optical engine.

FIG. 5 schematically depicts a vehicle 5000 according
to an embodiment. In the embodiment of FIG. 5, the ve-
hicle 5000 is implemented as a car. In other embodi-
ments, a vehicle may or may not be implemented as a car.
For example, in some embodiments, a vehicle may be im-
plemented as a motor vehicle, such as a car, a truck, a
motorcycle, or a bus; a railed vehicle, such as a train
or a tram; a piece of heavy machinery, such as a tractor

or a harvester; a watercraft, such as a ship or a boat;
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an aircraft, such as an airplane or helicopter; or a

spacecraft, such as a space capsule or a spaceplane.

In the embodiment of FIG. 5, the vehicle 5000 comprises
a vehicular display device 5100 in accordance with the
second aspect. Even if not explicitly shown in FIG. 5,
the embodiment of FIG. 5 or any part thereof may gener-
ally comprise any features and/or elements disclosed
with reference to or in conjunction with any of FIGs.

1 to 4.

The vehicular display device 5100 of the embodiment of
FIG. 5 comprises a display structure 5110 in accordance
with the first aspect and an optical engine 5120. The
display structure 5110 comprises a waveguide 5111, an
in-coupling structure 5112, an exit pupil expansion
structure 5113, and an out-coupling structure 5114. In
other embodiments, a vehicular display device may or may

not comprise an optical engine.

The vehicular display device 5100 of the embodiment of
FIG. 5 is implemented as a head-up display device. In
other embodiments, a display device may or may not be

implemented as a head-up display device.

Herein, a “head-up display device” may refer to a see-
through vehicular display device configured to present
images and/or data to a steerer, e.g., a driver or a
pilot, of a vehicle without requiring said steerer to
look away from usual viewpoints thereof. Generally, a
head-up display device may or may not be implemented as

a vehicle-mounted display device.

In the embodiment of FIG. 5, the vehicle 5000 further

comprises a laminated window 5200, and the wave-
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guide 5111 extends within the window 5200. In other em-
bodiments, one or more waveguides may be arranged in any
suitable manner(s). In some embodiments, a waveguide may
extend within a laminated window, such as a windshield.
In some embodiments, a vehicle may comprise a vehicular
display device comprising a waveguide arranged at a dis-

tance from a window.

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 wvarious 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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REFERENCE SIGNS
k = k¥ k-vector
o angle
k wavenumber
n refractive index
v unit vector
G:© primary in-coupling grating k-vector
G~ secondary in-coupling grating k-vector
GEFE exit pupil expansion grating k-vector
G© primary out-coupling grating k-vector
G- secondary out-coupling grating k-vector
Gy tertiary out-coupling grating k-vector

1000 display structure

1001 first light guiding direction

1002 second light guiding direction

1003 transverse plane

1020 set of input beams

1021 set of in-coupled beams

1022 secondary set of in-coupled beams
1031 first set of guided beams

1032 second set of guided beams

1033 first secondary set of guided beams
1034 second secondary set of guided beams
1041 first diffracted set of beams

1042 second diffracted set of beams

1043 first additional set of beams

1044 second additional set of beams

1100 waveguide

1200 in-coupling structure
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1210 in-coupling grating

1300 exit pupil expansion structure
1310 exit pupil expansion grating

1400 out-coupling structure

1410 out-coupling grating

2000 k-vector diagram

2001 guided propagation domain

2002 coupling domain

2100 in-coupling domain

2200 out-coupling domain

2310 first domain

2320 second domain

3000 plurality of k-vector diagrams
3020 set of input k-vectors

3021 set of in-coupled k-vectors

3022 secondary set of in-coupled k-vectors
3031 first set of k-vectors

3032 second set of k-vectors

3033 first secondary set of k-vectors
3034 second secondary set of k-vectors
3041 first diffracted set of k-vectors
3042 second diffracted set of k-vectors
3043 first additional set of k-vectors
3044 second additional set of k-vectors
3100 first k-vector diagram

3200 second k-vector diagram

3300 third k-vector diagram

3400 fourth k-vector diagram

3500 fifth k-vector diagram

3600 sixth k-vector diagram

3700 seventh k-vector diagram

4000 display device

PCT/F12022/050773
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4100 frame

4200 display structure

4210 waveguide

4220 in-coupling structure

4230 exit pupil expansion structure
4240 out-coupling structure

4250 optical engine

4251 light

5000 vehicle

5100 vehicular display device

5110 display structure

5111 waveguide

5112 in-coupling structure

5113 exit pupil expansion structure
5114 out-coupling structure

5120 optical engine

5200 window
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CLAIMS

1. A display structure (1000), comprising:
— a waveguide (1100);

— an in-coupling structure (1200) configured to cou-
ple a set of input beams (1020) into the wave-
guide (1100) as a set of in-coupled beams (1021)
associated with a set of in-coupled k-vec-
tors (3021) defining a first domain (2310) in
k-space 1in an annular guided propagation do-
main (2001) associated with the waveguide (1100);

and

- a diffractive exit pupil expansion struc-
ture (1300) configured to receive the set of in-
coupled beams (1021) and to diffract the set of in-
coupled beams (1021) to form a first set of guided
beams (1031) and a second set of guided
beams (1032) associated with a first set of k-vec-
tors (3031) and a second set of k-vectors (3032),
respectively, lying in the first domain (2310) and
in a second domain (2320) disjoint with the first
domain (2310), respectively;

wherein the display structure (1000) further
comprises a diffractive out-coupling structure (1400)
configured to receive from the exit pupil expansion
structure (1300) a first diffracted set of beams (1041)
and a second diffracted set of beams (1042) associated
with a first diffracted set of k-vectors (3041) and a
second diffracted set of k-vectors (3042), respec-
tively, lying in the first domain (2310) and the second
domain (2320), respectively; and

the out-coupling structure (1400) is config-

ured to couple light from the first diffracted set of
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beams (1041) and light from the second diffracted set
of beams (1042) out of the waveguide (1100).

2. A display structure (1000) according to
claim 1, wherein the exit pupil expansion struc-
ture (1300) is configured to diffract the set of in-
coupled beams (1021) by =zeroth-order and first-order
diffractions to form the first set of guided
beams (1031) and the second set of guided beams (1032).

3. A display structure (1000) according to
claim 1 or 2, wherein the exit pupil expansion struc-
ture (1300) is configured to further increase number of
diffracted beams by diffracting the first set of guided
beams (1031) and the second set of guided beams (1032).

4. A display structure (1000) according to any
of the preceding claims, wherein the exit pupil expan-
sion structure (1300) comprises a one-dimensional exit
pupil expansion grating (1310) for diffracting the set
of in-coupled beams (1021) to form the first set of
guided beams (1031) and the second set of guided
beams (1032).

5. A display structure (1000) according to any
of the preceding claims, wherein the first domain (2310)
defines a first light guiding direction (1001), the sec-
ond domain (2320) defines a second light guiding direc-
tion (1002), and a smallest angle, o, between the first
light guiding direction (1001) and the second 1light
guiding direction (1002) is greater than or equal to
45°, or to 55°, and/or less than or equal to 65°, or to
75°.

6. A display structure (1000) according to any
of the preceding claims, wherein the out-coupling struc-

ture (1400) is further configured to diffract the first
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diffracted set of beams (1041) and/or the second dif-
fracted set of beams (1042) to form a first additional
set of beams (1043) and/or a second additional set of
beams (1044), respectively, associated with a first ad-
ditional set of k-vectors (3043) and/or a second addi-
tional set of k-vectors (3044), respectively, lying in
the second domain (2320) and/or the first domain (2310),
respectively.

7. A display structure (1000) according to
claim 6, wherein the out-coupling structure (1400) com-
prises a two-dimensional out-coupling grating (1410)
having a first periodicity for coupling light from the
first diffracted set of beams (1041) out of the wave-
guide (1100), a second periodicity for coupling light
from the second diffracted set of beams (1042) out of
the waveguide (1100), and a third periodicity for form-
ing the first additional set of beams (1043) and/or the
second additional set of beams (1044).

8. A display structure (1000) according to any
of the preceding claims, wherein the in-coupling struc-
ture (1200) is configured to couple the set of input
beams (1020) into the waveguide (1100) such that light
from the set of in-coupled beams (1021) is guided to the
out-coupling structure (1400) without being subjected
to non-zeroth-order diffractions.

9. A display structure (1000) according to any
of the preceding claims, wherein the in-coupling struc-
ture (1200) is further configured to couple the set of
input beams (1020) into the waveguide (1100) as a sec-
ondary set of in-coupled beams (1022) associated with a
secondary set of in-coupled k-vectors (3022) 1lying in

the second domain (2320), and
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the exit pupil expansion structure (1300) 1is
configured to receive the secondary set of in-coupled
beams (1022) and to diffract the secondary set of in-
coupled beams (1022) to form a first secondary set of
guided beams (1033) and a second secondary set of guided
beams (1034) associated with a first secondary set of
k-vectors (3033) and a second secondary set of k-vec-
tors (3034), respectively, lying in the first do-
main (2310) and the second domain (2320), respectively.

10. A display structure (1000) according to
claim 9, wherein the in-coupling structure (1200) com-
prises a two-dimensional in-coupling grating 1210) for
coupling the set of input beams (1020) into the wave-
guide (1100) as the set of in-coupled beams (1021) and
as the secondary set of in-coupled beams (1022).

11. A display device (4000) comprising a dis-
play structure (1000) in accordance with any of claims
1 to 10.

12. A display device (4000) according to
claim 11 implemented as a see-through display device.

13. A display device (4000) according to
claim 11 or 12 implemented as a portable display device.

14. A display device (4000) according to any
of claims 11 to 13 implemented as a vehicular display
device.

15. A vehicle (5000) comprising a vehicular

display device (5100) in accordance with claim 14.



