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DISPLAY STRUCTURE AND DISPLAY DEVICE

FIELD OF TECHNOLOGY

This disclosure concerns display devices. In particular,
this disclosure concerns waveguide-based display de-
vices with exit pupil expansion properties, and struc-

tures therefor.

BACKGROUND

Waveguide-based display devices with exit pupil expan-
sion properties are commonly used in a variety of ap-
plications, for example, in head-mounted see-through

display devices (e.g. smart glasses).

In general, such devices must be carefully designed to
limit optical losses related to coupling of light into
a waveguide. Conventionally, such optical in-coupling
losses are reduced by usage of polarization-dependent
in-coupling structures, such as polarization-dependent
diffraction gratings, in conjunction with polarization-
altering elements, such as waveplates. However, such
arrangements may increase a complexity of a display de-

vice.

In light of the above, it may be desirable to develop
new structures related to waveguide-based display de-

vices.

SUMMARY

This summary is 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
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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
provided. The display structure comprises a waveguide
comprising a first face extending laterally along a base
plane, a second face opposite the first face, and an in-
coupling region on the first face; an in-coupling struc-
ture for coupling an optical beam into the waveguide via
the in-coupling region for propagation in the waveguide
by total internal reflection; and an out-coupling struc-
ture configured to perform exit pupil expansion by pupil
replication along at least a first replication direction
and to couple light from the optical beam out of the
waveguide. The in-coupling region has a maximum width,
measured along the first zreplication direction; the
waveguide has a thickness, measured from the first face
to the second face, greater than 0.25 times the maximum
width of the in-coupling region; and the out-coupling
structure comprises a diffractive first out-coupling
element and a diffractive second out-coupling element
at least partly laterally overlapping the first out-

coupling element.

According to a second aspect, a display device compris-
ing a display structure according to the first 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:
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FIG. 1 shows a display structure according to

an embodiment,

FIG. 2 depicts another display structure ac-

cording to an embodiment,

FIG. 3 shows another display structure accord-

ing to an embodiment, and

FIG. 4 illustrates a display device according

to an embodiment.

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

FIG. 1 depicts a display structure 1000 according to an

embodiment.

Throughout this specification, a “display device” or a
“screen” may refer to an operable device, such as an
electronic device, suitable for or configured to display
visual images to a user. Additionally or alternatively,
a display device may refer to an electronic visual dis-

play device. A display device may generally comprise any
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part(s) or element(s), e.g., optical and/or electri-
cal/electronic part(s) or element(s), necessary or ben-

eficial for its operation.

Furthermore, a “display structure” may refer to at least
part of an operable display device. Additionally of al-
ternatively, a display structure may refer to a struc-

ture for a display device.

In the embodiment of FIG. 1, the display structure 1000

comprises a waveguide 1100.

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. Naturally, a “waveguide” may then refer
to a layer of a waveguide, wherein light may be confined

by total internal reflection.

The waveguide 1100 of the embodiment of FIG. 1 comprises
a first face 1110 extending along a base plane 1111, a
second face 1120 opposite the first face 1110, and an
in-coupling region 1112 on the first face 1110.

In this disclosure, a “face” of a waveguide may refer
to a part of a surface of said waveguide viewable from
or facing a certain viewing direction. Additionally or
alternatively, faces of a waveguide may refer to sur-
faces suitable for or configured to confine light in

said waveguide by total internal reflection.

Throughout this specification, a “region” may refer to
a portion of a face. Consequently, an “in-coupling re-
gion” on a first face of a waveguide may refer to a
region on said first face suitable for or configured to

receive light to be coupled into said waveguide for
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propagation in said waveguide by total internal reflec-
tion. Additionally or alternatively, an in-coupling re-
gion of a waveguide of a display structure comprising a
display engine may refer to an intersection of an en-
trance region of an in-coupling structure and a largest
illuminable region of a display engine, whereas an in-
coupling region of a waveguide of a display structure
not comprising a display engine may refer to an entrance

region of an in-coupling structure.

Herein, a “base plane” may refer to a fictitious surface
along which a first face of a waveguide extends. A base
plane may be planar, for example, in case of a flat
first face, or curved, for example, in case of a curved

ANY

first face. Further, a first face of a waveguide “ex-
tending laterally along a base plane” may refer to first
face having lateral directions along said base plane.
Generally, the lateral extent of an element may be de-

fined by projecting said element onto a base plane.

In the embodiment of FIG. 1, the display structure 1000

comprises an in-coupling structure 1200.

Throughout this disclosure, an “in-coupling structure”
may refer to a structure suitable for or configured to
couple an optical beam into a waveguide for propagation
in the waveguide by total internal reflection. Gener-
ally, an in-coupling structure may be suitable for or
configured to couple into a waveguide 1light, which
passes into said waveguide via an entrance region on a
first face of said waveguide. For example, an entrance
region of an in-coupling structure comprising a dif-
fractive in-coupling element may refer to a region on a

first face the lateral extent of which is defined by the
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lateral extent of said diffractive in-coupling element.
Similarly, an entrance region of an in-coupling struc-
ture comprising an in-coupling prism may refer to a
region on a first face the lateral extent of which is
defined by the lateral extent of a face of said in-

coupling prism coupled with a waveguide.

The in-coupling structure 1200 of the embodiment of
FIG. 1 1is suitable for coupling an optical beam 1201
into the waveguide 1100 via the in-coupling region 1112
for propagation in the waveguide 1100 by total internal

reflection.

Throughout this specification, an “optical beam” may
refer to a directional flow of light radiating from a

light source.

In the embodiment of FIG. 1, the display structure 1000

comprises an out-coupling structure 1300.

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

waveguide.

The out-coupling structure 1300 of the embodiment of
FIG. 1 is configured to perform exit pupil expansion by
pupil replication along at least a first replication
direction 1301 and to couple light from the optical
beam 1201 out of the waveguide 1100.

Herein, “exit pupil expansion” may refer to a process
of distributing light within a waveguide in a controlled
manner so as to expand a portion of said waveguide where

out-coupling of light occurs.
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Further, “pupil replication” may refer to an exit pupil
expansion process, wherein a plurality of exit sub-pu-
pils are formed in an imaging system. It has been found
that, in imaging systems relying on pupil replication
for exit pupil expansion, individual exit sub-pupils are
preferably arranged in an overlapping manner for all
angles and all wavelengths throughout a lateral extent
of an out-coupling region of a waveguide. Such arrange-
ment of exit sub-pupils may enable avoiding the for-
mation of spatial intensity variations in an out-coupled

image, which are typically perceived as dark fringes.

Throughout this specification, a “first replication di-
rection” may refer to a direction along which an out-
coupling structure is configured to perform pupil rep-
lication. Additionally or alternatively, a first repli-
cation direction may refer to a direction extending par-

allel to a base plane.

Further, an out-coupling structure being configured to
perform “pupil replication along at least a first rep-
lication direction” may refer to said out-coupling
structure being configured to perform one-dimensional,
for example, horizontal or vertical, pupil replication
or two-dimensional, for example, horizontal and verti-
cal, pupil replication.

In the embodiment of FIG. 1, the in-coupling region 1112
has a maximum width (W), the waveguide 1100 has a
thickness (T) greater than 0.25 x W,,, and the out-cou-

pling structure 1300 comprises a diffractive first out-

coupling element 1310 and a diffractive second out-cou-
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pling element 1320 at least partly, i.e., partly or en-
tirely, laterally overlapping the first out-coupling
element 1310.

Generally, an out-coupling structure of a display struc-
ture comprising a diffractive first out-coupling ele-
ment and a diffractive second out-coupling element at
least partly laterally overlapping said first out-cou-
pling element may facilitate increasing a thickness of
a waveguide in order to limit optical in-coupling losses
and/or to increase the mechanical stability of said
waveguide without impairing the optical properties of

the display structure.

Herein, a “maximum width” of an in-coupling region may
refer to a measure, for example, a highest measure, of
the extent of said in-coupling region along a first
replication direction. For example, in case of a circu-
lar in-coupling region, a maximum width of said in-
coupling region may refer to a diameter of said in-

coupling region.

Further, a “thickness” of a waveguide may refer to a
measure of the extent of said waveguide, measured from
a first face to a second face. Additionally or alterna-
tively, a thickness of a waveguide may be measured per-
pendicular to a base plane. Additionally or alterna-
tively, a thickness of a waveguide may be measured from

an in-coupling region to a second face.

In this specification, a “diffractive optical element”,
may refer to an optical element the operation of which
is based on diffraction of light. Generally, a diffrac-

tive optical element may comprise structural features
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with at least one dimension of the order of the wave-
lengths of wvisible 1light, for example, at least one
dimension less than one micrometer. Typical examples of
diffractive optical elements comprise one- and two-di-
mensional diffraction gratings, which may be implemented
as single-region diffraction gratings or as multi-region
diffraction gratings. Diffraction gratings may gener-
ally be implemented, at least, as surface relief dif-
fraction gratings or volume holographic diffraction
gratings, and they may be configured to function as
transmission- and/or reflection-type diffraction grat-

ings.

Consequently, a “diffractive out-coupling element” may
refer to a diffractive optical element forming a part
of an out-coupling structure. Additionally or alterna-
tively, a diffractive out-coupling element may refer to
a diffractive optical element suitable for or configured
to contribute to performing exit pupil expansion by pu-
pil replication along at least a first replication di-

rection and to coupling light out of a waveguide.

Further, a first element “at least partly laterally
overlapping” a second element may refer to at least
partial, i.e., partial or complete, overlapping of the
projections of said first and second elements on a base

plane.

In the embodiment of FIG. 1, the waveguide 1100 may be
formed of glass. In other embodiments, a waveguide may
comprise or be formed of any suitable material(s), such

as glass(es) or polymer(s).

In the embodiment of FIG. 1, the waveguide 1100 may have

a refractive index of approximately 2 throughout the
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visible spectrum. In other embodiments, a waveguide may
have any suitable refractive index with any suitable

dispersive properties.

The waveguide 1100 of the embodiment of FIG. 1 is bor-
dered by air with a refractive index of approximately 1
throughout the visible spectrum. Consequently, the op-
tical beam 1201 is confined within the waveguide 1100
by total internal reflections at two air-glass inter-
faces. In other embodiments, a waveguide may or may not

be bordered by air.

Although not depicted in FIG. 1, the out-coupling struc-
ture 1300 may be configured to perform exit pupil ex-
pansion by pupil replication also along a second repli-
cation direction other than the first replication di-
rection 1301. In such case, each of the first out-cou-
pling element 1310 and the second out-coupling ele-
ment 1320 may comprise a two-dimensional diffraction
grating. In other embodiments, an out-coupling structure
may or may not be configured to perform exit pupil ex-
pansion by pupil replication also along a second repli-
cation direction. In other embodiments, wherein an out-
coupling structure is configured to perform exit pupil
expansion by pupil replication also along a second rep-
lication direction, one or both of a first out-coupling
element and a second out-coupling element may comprise

a two-dimensional diffraction grating.

In some embodiments, an out-coupling structure of a dis-
play structure may be configured to perform one-dimen-
sional exit pupil expansion by pupil replication along
a first replication direction, and one or both of a

first out-coupling element and a second out-coupling
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element may comprise a one-dimensional diffraction
grating. In such embodiments, said display structure may
or may not further comprise an intermediate pupil ex-
pansion structure configured to receive light from an
in-coupling structure, to perform exit pupil expansion
by pupil replication along a second replication direc-
tion other than said first replication direction, and

to direct the light to an out-coupling structure.

In the embodiment of FIG. 1, the thickness, T, of the
waveguide 1100 may be approximately 0.3 times the max-
imum width, W,,, of the in-coupling region 1112. 1In
other embodiments, a waveguide may have any suitable
thickness greater than 0.25 times a maximum width of an
in-coupling region. In some embodiments, a thickness of
a waveguide may be greater than or equal to 0.3, or
0.35, or 0.4 times a maximum width of an in-coupling
region. Generally, a higher thickness of a waveguide in
proportion to a maximum width of an in-coupling region
may increase a mechanical stability thereof and/or re-
duce in-coupling losses in a display structure by de-
creasing the outcoupling effect associated with multiple

interactions with an in-coupling structure.

In the embodiment of FIG. 1, the thickness, T, of the
waveguide 1100 is less than 0.5 x W,_,. In other embod-
iments, a waveguide may or may not have a thickness less
than or equal to 0.5 times the maximum width of an in-
coupling region. Generally, a waveguide having a thick-
ness less than or equal to 0.5 times the maximum width
of an in-coupling region may facilitate forming out-

coupled images of higher quality even in the absence of



WO 2022/195166 PCT/F12022/050166

10

15

20

25

30

12

out-coupling elements other than a first out-coupling

element and a second out-coupling element.

In the embodiment of FIG. 1, the thickness, T, of the
waveguide 1100 may be approximately 0.8 millime-
ters (mm). In other embodiments, a waveguide may have
any suitable thickness, for example, a thickness greater
than or equal to 0.2 mm or greater than or equal to
0.5 mm and/or less than or equal to 2 mm or less than
or equal to 5 mm. Generally, an increased thickness of
a waveguide may facilitate the fabrication of a display

structure.

In the embodiment of FIG. 1, the maximum width, W,,, of
the in-coupling region 1112 may be approximately 2.5 mm.
In other embodiments, an in-coupling region may have any
suitable maximum width, for example, a maximum width
greater than or equal to 0.5 mm or greater than or equal
to 1 mm and/or less than or equal to 5 mm or less than

or equal to 10 mm.

In the embodiment of FIG. 1, the in-coupling struc-
ture 1200 comprises a diffractive in-coupling ele-
ment 1210. In other embodiments, an in-coupling struc-
ture may or may not comprise a diffractive in-coupling
element. Generally, an in-coupling structure comprising
a diffractive in-coupling element may facilitate reduc-

ing a mass of a display structure.

The diffractive in-coupling element 1210 of the embod-
iment of FIG. 1 comprises a surface-relief diffraction
grating. In other embodiments, wherein an in-coupling
structure comprises a diffractive in-coupling element,
said diffractive in-coupling element may or may not com-

prise a surface-relief diffraction grating. For example,
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in some of such embodiments, an in-coupling structure

may comprise a volume holographic diffraction grating.

The diffractive in-coupling element 1210 of the embod-
iment of FIG. 1 is arranged on the first face 1110. In
other embodiments, a diffractive in-coupling element may
or may not be arranged on a first face of a display
structure. For example, in some embodiments, a diffrac-
tive in-coupling element may be arranged on a second

face or within a waveguide.

The out-coupling structure 1300 of the embodiment of
FIG. 1 is configured to couple light out of the wave-
guide 1100 wvia the first face 1110. In other embodi-
ments, an out-coupling structure may be configured to
couple light out of a waveguide via a first face and/or

a second face.

In the embodiment of FIG. 1, the first out-coupling el-
ement 1310 is arranged on the first face 1110, and the
second out-coupling element 1320 is arranged on the sec-
ond face 1120. In other embodiments, a first out-cou-
pling element may or may not be arranged on a first
face, and/or a second out-coupling element may or may
not be arranged on a second face. For example, in some
embodiments, a first out-coupling element and/or a sec-
ond out-coupling element may be arranged within a wave-
guide. Generally, a first out-coupling element and/or a
second out-coupling element being arranged onto face(s)
of a waveguide may facilitate fabrication of a display

structure.

Each of the first out-coupling element 1310 and the sec-
ond out-coupling element 1320 comprises a surface-re-

lief diffraction grating. In other embodiments, one or
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both of a first out-coupling element and a second out-
coupling element may or may not comprise a surface-
relief diffraction grating. In some embodiments, both
of a first out-coupling element and a second out-cou-
pling element comprises a volume holographic diffraction
grating. In embodiments, wherein one of a first out-
coupling element and a second out-coupling element com-
prises a surface-relief diffraction grating, the other

may comprise a volume holographic diffraction grating.

In the embodiment of FIG. 1, the surface-relief dif-
fraction gratings of the first out-coupling element 1310
and the second out-coupling element 1320 are formed in
patterned films arranged on the waveguide 1100. In other
embodiments, wherein a first out-coupling ele-
ment and/or a second out-coupling element comprises a
surface-relief diffraction grating, said surface-relief
diffraction grating may or may not be formed in a pat-
terned film arranged on a waveguide. For example, in
some of such embodiments, a surface-relief diffraction

grating may be formed directly in a waveguide.

Although the surface-relief diffraction gratings of the
diffractive in-coupling element 1210, the first out-
coupling element 1310, and the second out-coupling el-
ement 1320 are schematically depicted in FIG. 1 as bi-
nary diffraction gratings, any suitable type(s) of sur-
face-relief diffraction gratings, such as binary, and/or
blazed, and/or slanted, and/or multilevel, and/or analog
diffraction gratings may be utilized in any or all of a
diffractive in-coupling element, a first out-coupling
element, and a second out-coupling element. Naturally,

such surface-relief diffraction gratings may be config-
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ured with additional features, such as spatial diffrac-
tion efficiency modulation properties in order to im-
prove waveguide efficiency and image uniformity, in any
suitable manner(s), for example, by depth, duty cycle,

or slant modulation.

Further, although FIG. 1 depicts a single wave-
guide 1100, a display structure may generally comprise
one or more waveguides. In embodiments, wherein a dis-
play structure comprises two or more waveguides, said
waveguides may be arranged in any suitable manner. In
some of such embodiments, such waveguides may be stacked

on one another.

FIG. 2 depicts a display structure 2000 according to an
embodiment. The embodiment of FIG. 2 may be in accord-
ance with any of the embodiments disclosed with refer-
ence to or in conjunction with FIG. 1. Additionally or
alternatively, although not explicitly shown in FIG. 2,
the embodiment of FIG. 2 or any part thereof may gener-
ally comprise any features and/or elements of the em-

bodiment of FIG. 1.

In the embodiment of FIG. 2, the display structure 2000,
comprises a waveguide 2100, comprising a first face 2110
extending along a base plane 2111, a second face 2120
opposite the first face 2110, and an in-coupling re-
gion 2112 on the first face 2110; an in-coupling struc-
ture 2200 for coupling an optical beam 2201 into the
waveguide 2100 via the in-coupling region 2112 for prop-
agation in the waveguide 2100 by total internal reflec-
tion; and an out-coupling structure 2300 configured to

perform exit pupil expansion by pupil replication along
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at least a first replication direction 2301 and to cou-
ple light from the optical beam 2201 out of the wave-
guide 2100.

The in-coupling region 2112 has a maximum width (W,.,),
measured along the first replication direction 2301, and
the waveguide 2100 has a thickness (T), measured from
the first face 2110 to the second face 2120, greater
than 0.25 times W,... The out-coupling structure 2300
comprises a diffractive first out-coupling element 2310
and a diffractive second out-coupling element 2320 at
least partly laterally overlapping the first out-cou-

pling element 2310.

In the embodiment of FIG. 2, the in-coupling struc-
ture 2200 comprises an in-coupling prism 2220. The in-
coupling prism 2220 is attached to the waveguide 2100.
In other embodiments, an in-coupling structure may or

may not comprise an in-coupling prism.

In the embodiment of FIG. 2, the first out-coupling el-
ement 2310 is arranged on the first face 2110, and the
second out-coupling element 2320 is arranged on the sec-

ond face 2120.

Each of the first out-coupling element 2310 and the sec-
ond out-coupling element 2320 comprises a surface-re-
lief diffraction grating. The surface-relief diffrac-
tion grating of the first out-coupling element 2310 is
formed in a patterned film arranged on the wave-
guide 2100, whereas the surface-relief diffraction
grating of the second out-coupling element 2320 1is
formed directly in the waveguide 2100. In other embod-

iments, one or both of a first out-coupling element and
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a second out-coupling element may or may not be formed

directly in a waveguide.

As indicated wusing dashed lines in FIG. 2, the out-
coupling structure 2300 of the embodiment of FIG. 2 may
further comprise a diffractive third out-coupling ele-
ment 2330 arranged within the waveguide 2100, the third
out-coupling element 2330 at least partly laterally
overlapping each of the first out-coupling element 2310
and the second out-coupling element 2320. In other em-
bodiments, an out-coupling structure may or may not com-
prise such diffractive third out-coupling element. Gen-
erally, an out-coupling structure comprising a diffrac-
tive third out-coupling element overlapping each of a
first out-coupling element and a second out-coupling
element and arranged within a waveguide may further in-
crease a density of exit sub-pupils, which may, in turn,
facilitate increasing a thickness of a waveguide further
without impairing the optical properties of a display

structure.

In some embodiments, wherein an out-coupling structure
comprises a diffractive third out-coupling element ar-
ranged within a waveguide and at least partly laterally
overlapping each of a first out-coupling element and a
second out-coupling element, said out-coupling struc-
ture may further comprise one or more additional out-
coupling elements, each of the one or more additional
out-coupling elements arranged within said waveguide and
overlapping each of said first out-coupling element,
said second out-coupling element, and said third out-

coupling element.
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In case the out-coupling structure 2000 of the embodi-
ment of FIG. 2 comprises the third out-coupling ele-
ment 2330, T may be greater than or equal to 0.5 x W, ..,
or greater than or equal to 0.6 x W,.., or greater than
or equal to 0.7 x W,,., or greater than or equal to
0.8 x W,.,, or greater than or equal to 0.9 x W,.,. In
other embodiments, wherein an out-coupling structure
comprises a third out-coupling element overlapping each
of a first out-coupling element and a second out-cou-
pling element, a waveguide may have any suitable thick-
ness greater than 0.25 times a maximum width of an in-

coupling region.

The third out-coupling element 2330 of the embodiment
of FIG. 2 may comprise a volume holographic diffraction
grating. The volume holographic diffraction grating of
the third out-coupling element 2330 may be implemented
as a so-called “thin transmission volumetric holographic
diffraction grating, having a thickness less than 0.1 mm
and being operable as a transmission grating. The volume
holographic diffraction grating of the third out-cou-
pling element 2330 may be implemented as a so-called
“thick” volume holographic diffraction grating, having
a thickness of at least 0.1 mm and being operable as a
transmission and/or reflection mode diffraction grat-
ing.

FIG. 3 depicts a display structure 3000 according to an
embodiment. The embodiment of FIG. 3 may be in accord-
ance with any of the embodiments disclosed with refer-
ence to or in conjunction with any of FIGs. 1 and 2.
Additionally or alternatively, although not explicitly

shown in FIG. 3, the embodiment of FIG. 3 or any part
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thereof may generally comprise any features and/or el-

ements of any of the embodiments of FIGs. 1 and 2.

In the embodiment of FIG. 3, the display structure 3000
comprises a waveguide 3100, comprising a first face 3110
extending laterally along a base plane 3111, and an in-
coupling region 3112 on the first face 3110. The display
structure 3000 further comprises an in-coupling struc-
ture 3200 comprising a diffractive in-coupling ele-
ment 3210 for coupling an optical beam 3201 into the
waveguide 3100 via the in-coupling region 3112 for prop-
agation in the waveguide 3100 by total internal reflec-
tion as well as an out-coupling structure 3300 config-
ured to perform exit pupil expansion by pupil replica-
tion along at least a first replication direction 3301
and to couple light from the optical beam 3201 out of
the waveguide 3100.

The display structure 3000 of the embodiment further
comprises a display engine 3400 for directing the opti-
cal beam 3201 to the in-coupling structure 3200. In
other embodiments, a display structure may or may not

comprise such display engine.

Throughout this disclosure, a “display engine” may refer
to a part of a display structure suitable for or con-
figured to form an image, for example, in the angular
spectrum, to be passed on to an in-coupling structure.
Generally, a display engine may have a (largest) illu-
minable region on a first face of a waveguide. An illu-
minable region of a display engine may laterally at
least partially, i.e., partially or entirely, overlap
with an entrance region of an in-coupling structure. A

display engine may or may not form an exit pupil. In
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embodiments, wherein a display engine forms an exit pu-
pil, said exit pupil may overlap with an entrance pupil

of an in-coupling structure.

The display engine 3400 of the embodiment of FIG. 3 is
implemented as a scanner-based display engine. In other
embodiments, wherein a display structure comprises a
display engine, said display engine may be implemented
in any suitable manner, for example, as a scanner-based
display engine or as a panel-based display engine. Gen-
erally, utilization of scanner-based display engines may
facilitate reducing a size, and/or increasing a bright-
ness, and/or increasing contrast of a display structure.
As usage of scanner-based display engines typically re-
sults in illuminable regions of smaller dimensions,
waveguides of reduced thicknesses may be used in con-

junction with such display engines.

In the embodiment of FIG. 3, the display engine 3400
comprises an illumination unit 3410, comprising a blue-
emitting first laser 3411, a green-emitting second la-
ser 3412, and a red-emitting third laser 3413; a combi-
nation unit 3420 for combining light from the first la-
ser 3411, the second laser 3412, and the third 1la-
ser 3413 to form the optical beam 3201; and a scanner
unit 3430 comprising a first deflection mirror 3431 and
a second deflection mirror 3432 and configured to col-
lect light from the combination unit 3420 and to drive
the first deflection mirror 3431 and the second deflec-
tion mirror 3432 such that the optical beam 3201 im-
pinges on different locations on the in-coupling re-

gion 3112.
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The display engine 3400 of the embodiment of FIG. 3 com-
prises a laser-based illumination unit. In other embod-
iments, a display engine may comprise any suitable type
of illumination unit, for example, a laser-based illu-
mination unit and/or a light-emitting diode based illu-

mination unit.

The scanner unit 3430 of the embodiment of FIG. 3 may
be implemented as a dual one-dimensional micro-electro-
mechanical mirror scanner unit. In other embodiments, a
scanner-based display engine may comprise any suitable
type of scanner unit, for example, a dual one-dimen-
sional micro-electro-mechanical mirror (MEMS mirror)
scanner unit or a two-dimensional MEMS mirror scanner

unit.

On one hand, the in-coupling structure 3200 of the em-
bodiment of FIG. 3 has an entrance region 3202 on the
first face 3110, the entrance region 3202 defined by the
lateral extent of the diffractive in-coupling ele-
ment 3210. On the other hand, the display engine 3400
has an illuminable region 3401 on the first face 3110.
The lateral extent of the illuminable region 3401 1is
dependent on the movement range of the first deflection

mirror 3431 and the second deflection mirror 3432.

As the display structure 3000 of the embodiment of
FIG. 3 comprises a display engine 3400, the lateral ex-
tent of the in-coupling region 3112 1is defined as the
intersection of the entrance region 3202 and the illu-
minable region 3401. In the embodiment of FIG. 3, the
in-coupling region 3112 has a maximum width, W,,,, meas-
ured along the first replication direction 3301; the

waveguide 3100 has a thickness, T, greater than
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0.25 x W, and the out-coupling structure 3300 com-
prises a diffractive first out-coupling element 3310 and
a diffractive second out-coupling element 3320 at least
partly laterally overlapping the first out-coupling el-
ement 3310.

In the embodiment of FIG. 3, the waveguide 3100 may have
a T, of approximately 0.5 mm, and the in-coupling re-
gion 3112 has a W, of approximately 1.2 mm. Conse-

quently, T may be approximately 0.4 x W,,.

Above, mainly features of display structures are dis-
cussed. In the following, more emphasis will 1lie on
features of display devices. What is said above about
the ways of implementation, definitions, details, and
advantages related to display structures applies, muta-
tis 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 any of the embodiments of FIGs. 1 to 3.

The display device 4000 of the embodiment of FIG. 4 com-
prises a display device in accordance with this speci-

fication.

In the embodiment of FIG. 4, the display device 4000 is
implemented as a see-through head-mounted display de-

vice, more specifically, as spectacles comprising a see-
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through display. In other embodiments, a display device
may be implemented in any suitable manner, for example,

as a see-through and/or head-mounted display device.

In the embodiment of FIG. 4, the display device 4000
comprises a waveguide 4100, in-coupling structure 4200,
an out-coupling structure 4300, and a display en-
gine 4400. An optical beam 4201 directed by the display
engine 4400 to the in-coupling structure 4200 may be
coupled into the waveguide 4100 by the in-coupling
structure 4200, and light from the optical beam 4201 may
then be coupled out of the waveguide 4100 towards a

user’s eye by the out-coupling structure 4300.

It is to be understood that the embodiments described
above may be used in combination with each other. Two
or more 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
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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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2300 out-coupling structure

2301 first replication di-
rection

2310 first out-coupling el-
ement

2320 second out-coupling
element

2330 third out-coupling el-
ement

3000 display structure

3100 waveguide

3110 first face

3111 base plane

3112 in-coupling region

3200 in-coupling structure

3201 optical beam

3202 entrance region

3210 diffractive in-cou-
pling element

3300 out-coupling structure
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3310 first out-coupling el-
ement

3320 second out-coupling

element
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3432 second deflection mir-
ror

4000 display device

4100 waveguide

4200 in-coupling structure

4201 optical beam

4300 out-coupling structure

4400 display engine
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CLAIMS

1. A display structure (1000), comprising:

- a waveguide (1100) comprising a first face (1110)
extending laterally along a base plane (1111), a
second face (1120) opposite the first face (1110),
and an in-coupling region (1112) on the first
face (1110);

- an in-coupling structure (1200) for coupling an
optical beam (1201) into the waveguide (1100) via
the in-coupling region (1112) for propagation in
the waveguide (1100) by total internal reflection;
and

- an out-coupling structure (1300) configured to
perform exit pupil expansion by pupil replication
along at least a first replication direction (1301)
and to couple light from the optical beam (1201)
out of the waveguide (1100);

wherein the in-coupling region (1112) has a
maximum width, W,,, measured along the first replication
direction (1301); the waveguide (1100) has a thickness,
T, measured from the first face (1110) to the second
face (1120), greater than 0.25 times the maximum width,
Wyaxs ©f the in-coupling region (1112); and the out-
coupling structure (1300) comprises a diffractive first
out-coupling element (1310) and a diffractive second
out-coupling element (1320) at least partly laterally
overlapping the first out-coupling element (1310).

2. A display structure (1000) according to
claim 1, wherein the thickness, T, of the wave-

guide (1100) is greater than or equal to 0.3, or 0.35,
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or 0.4 times the maximum width, W,,., of the in-coupling
region (1112).

3. A display structure (1000) according to any
of the preceding claims, wherein the in-coupling struc-
ture (1200) comprises a diffractive in-coupling ele-
ment (1210).

4. A display structure (2000) according to any
of the preceding claims, wherein the in-coupling struc-
ture (2200) comprises an in-coupling prism (2220).

5. A display structure (1000) according to any
of the preceding claims, wherein the first out-coupling
element (1310) is arranged on the first face (1110), and
the second out-coupling element (1320) is arranged on
the second face (1120).

6. A display structure (2000) according to
claim 5, wherein the out-coupling structure (2300) fur-
ther comprises a diffractive third out-coupling ele-
ment (2330) arranged within the waveguide (2100), the
third out-coupling element (2330) at least partly lat-
erally overlapping each of the first out-coupling ele-
ment (2310) and the second out-coupling element (2320).

7. A display structure (1000) according to
claim o, wherein the thickness, T, of the wave-
guide (1100) is greater than or equal to 0.5, or to 0.6,
or to 0.7, or to 0.8, or to 0.9 times the maximum width,
Woaxs Of the in-coupling region (1112).

8. A display structure (1000) according to any
of claims 1 to 6, wherein the thickness, T, of the wave-
guide (1100) is less than or equal to 0.5 times the

maximum width, W,.,, of the in-coupling region (1112).



WO 2022/195166 PCT/F12022/050166

10

15

29

9. A display structure (3000) according to any
of the preceding claims, comprising a display en-
gine (3400) for directing the optical beam (3201) to the
in-coupling structure (3200).

10. A display structure (3000) according to
claim 9, wherein the display engine (3400) is imple-
mented as a scanner-based display engine, e.g., a laser-
scanning display engine.

11. A display device (4000), comprising a dis-
play structure (1000) according to any of the preceding
claims.

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 head-mounted display

device.



