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DISPLAY COMPONENT

TECHNICAL FIELD

[0001] The present disclosure relates to the field of
diffractive optics, and more particularly to a display

component and a display device.

BACKGROUND

[0002] Making small formfactor augmented reality (AR)
glasses requires a small projector, such as a laser
projector. Currently waveguides used in AR glasses have
technical challenges with obtaining a uniform image with
laser projectors while simultaneously achieving a high
optical efficiency. Some waveguide designs can achieve
good uniformity, but poor efficiency, while other de-

signs have better efficiency but poor uniformity.

SUMMARY

[0003] This summary is provided to introduce a selec-
tion of concepts in a simplified form that are further
described below in the detailed description. This sum-
mary is not intended to identify key features or essen-
tial features of the claimed subject matter, nor is it
intended to be used to limit the scope of the claimed
subject matter.

[0004] It is an object to provide a display component
and a display device. The foregoing and other objects
are achieved by the features of the independent claims.
Further implementation forms are apparent from the de-

pendent claims, the description and the figures.
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[0005] According to a first aspect, a display compo-
nent comprises: a waveguide; an in-coupling structure
configured to couple a set of input beams into the wave-
guide as a first set of in-coupled beams associated with
a first set of in-coupled k vectors lying in a first
domain in k-space in an annular guided propagation do-
main associated with the waveguide; an exit pupil ex-
pansion structure comprising a diffractive grating and
configured to receive the first set of in-coupled beams
and to diffract the first set of in-coupled beams in a
first plurality of directions in k-space to form three
sets of guided beams associated with three sets of k
vectors lying in a first set of three domains within the
annular guided propagation domain including the first
domain; an out-coupling structure configured to receive,
from the exit pupil expansion structure, a first dif-
fracted set of beams associated with a diffracted set
of k vectors lying in at least one of the domains in the
first set of three domains, and to out-couple the first
diffracted set of beams from the waveguide as a set of
output beams.

[0006] According to second aspect, a display device
comprises a display component according to the first
aspect.

[0007] Many of the attendant features will be more
readily appreciated as they become better understood by
reference to the following detailed description consid-

ered in connection with the accompanying drawings.
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DESCRIPTION OF THE DRAWINGS

[0008] In the following, example embodiments are de-
scribed in more detail with reference to the attached

figures and drawings, in which:

[0009] Fig. 1 illustrates a schematic representation
of a display component according to an embodiment;

[0010] Fig. 2 illustrates a k-space representation of
beams diffracted by an in-coupling structure and by an
exit pupil expansion structure according to an embodi-

ment;

[0011] Fig. 3 illustrates a k-space representation of
beams diffracted by an exit pupil expansion structure
according to another embodiment;

[0012] Fig. 4 illustrates a k-space representation of
beams diffracted by an in-coupling structure and by an
exit pupil expansion structure according to an embodi-

ment;

[0013] Fig. 5 illustrates a k-space representation of
beams diffracted by an out-coupling structure according

to an embodiment;

[0014] Fig. 6 illustrates a k-space representation of
beams further diffracted by an exit pupil expansion

structure according to an embodiment;

[0015] Fig. 7 illustrates a schematic representation
of diffractive grating lattice structures according to
an embodiment;

[0016] Fig. 8 illustrates a schematic representation
of beams in an exit pupil expansion structure according

to an embodiment;
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[0017] Fig. 9 illustrates a schematic representation
of correspondence between the set of input beams and the
set of output beams;

[0018] Fig. 10 illustrates a schematic representation
of simulation results according to a plurality of em-
bodiments; and

[0019] Fig. 11 illustrates a schematic representation
of simulation results according to another plurality of
embodiments;

[0020] Fig. 12 illustrates a schematic representation
of simulation results according to another plurality of
embodiments.

[0021] In the following, identical reference signs
refer to similar or at least functionally equivalent

features.

DETAILED DESCRIPTION

[0022] In the following description, reference is made
to the accompanying drawings, which form part of the
disclosure, and in which are shown, by way of illustra-
tion, specific aspects in which the present disclosure
may be placed. It is understood that other aspects may
be utilised, and structural or logical changes may be
made without departing from the scope of the present
disclosure. The following detailed description, there-
fore, is not to be taken in a limiting sense, as the
scope of the present disclosure is defined be the ap-
pended claims.

[0023] For instance, it is understood that a disclo-
sure in connection with a described method may also hold

true for a corresponding device or system configured to
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perform the method and vice versa. For example, if a
specific method step is described, a corresponding de-
vice may include a unit to perform the described method
step, even 1f such unit is not explicitly described or
illustrated in the figures. On the other hand, for ex-
ample, 1f a specific apparatus 1is described based on
functional units, a corresponding method may include a
step performing the described functionality, even if
such step is not explicitly described or illustrated in
the figures. Further, it is understood that the features
of the various example aspects described herein may be
combined with each other, unless specifically noted oth-

erwise.

[0024] Fig. 1 illustrates a schematic representation
of a display component according to an embodiment.
[0025] According to an embodiment, a display component
100 comprises a waveguide 104 and an in-coupling struc-
ture 101 configured to couple a set of input beams into
the waveguide 104 as a first set of in-coupled beams 110
associated with a first set of in-coupled k-vectors ly-
ing in a first domain in k-space in an annular guided
propagation domain associated with the waveguide 104.
[0026] Herein, a beam may also be referred to as a
ray, a light beam, a light ray, or similar.

[0027] The set of input beams may be generated by, for
example, a scanner-based optical engine. The set of in-
put beams may represent an image generated by, for ex-
ample, such an optical engine.

[0028] The waveguide 104 may be, for example, a sub-

stantially planar waveguide. For example, the waveguide
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may correspond to a lens of augmented reality (AR)

glasses.

[0029] The in-coupling structure 101 may comprise, for
example, a diffractive grating on a surface of the wave-
guide. Thus, the in-coupling structure 101 may couple
the set of input beams into the waveguide 104 via dif-

fraction.

[0030] The display component 100 may further comprise
an exit pupil expansion (EPE) structure 102 comprising
a diffractive grating and configured to receive the
first set of in-coupled beams 110 and to diffract the
first set of in-coupled beams 110 in a first plurality
of directions in k-space to form three sets of guided
beams associated with three sets of k-vectors lying in
a first set of three domains within the annular guided
propagation domain including the first domain.

[0031] The diffractive grating of the EPE structure
102 may be positioned, for example, on at least one
surface of the waveguide 104.

[0032] The display component 100 may further comprise
an out-coupling structure 103 configured to receive,
from the EPE structure 102, a first diffracted set of
beams 111 associated with a diffracted set of k-vec-
tors lying in at least one of the domains in the first
set of three domains, and to out-couple the first dif-
fracted set of beams 111 from the waveguide 104 as a set
of output beams.

[0033] The out-coupling structure 103 may comprise,
for example, a diffractive grating on a surface of the

waveguide. Thus, the out-coupling structure 103 may out-
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couple the first diffracted set of beams 111 from the
waveguide 104 via diffraction.

[0034] The set of output beams may represent, for ex-
ample, an expanded version of the image formed by the
set of input beams.

[0035] It should be understood that the geometry of
the display component 100 illustrated in the embodiment
of Fig. 1 is only exemplary and the display component
100 may be implemented in various other ways.

[0036] According to an embodiment, a display device
comprises the display component 100.

[0037] The display device may comprise a scanner-based
optical engine, e.g., a laser-scanning optical engine,
for directing the set of input beams to the in-coupling
structure 101.

[0038] The display device may be implemented as, for
example, a see-through display device.

[0039] The display device may be implemented as, for
example, a head-mounted display device.

[0040] Fig. 2 illustrates a k-space representation of
beams diffracted by an exit pupil expansion structure
according to an embodiment.

[0041] Herein, the annular guided propagation domain
201 may refer to a part of the k-space in which beams
are guided inside the waveguide 104. An example of an
annular guided propagation domain 201 is illustrated in
the embodiment of Fig. 2.

[0042] Fach k-vector in k-space can represent a prop-
agation direction of a beam inside the waveguide 104.
The magnitude of each k-vector corresponds to a wave-

number k. A k-vector can be expressed as k=n?, where n
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is the refractive index of the medium and ¥ is a unit
vector pointing towards the propagation direction of the
k-vector. k my also be referred to as a normalized k-
vector.

[0043] The waveguide 104 can guide beams having cer-
tain k-vectors via total internal reflection (TIR). The
coupling domain 202 correspond to k-vectors that do not
have sufficient x and/or y components to be guided in-
side the waveguide via TIR. Here, the x and y axes are
in the plane of the waveguide 104 while the z axis 1is
along a thickness direction of the waveguide 104. For
such beams, the angle between the beam and the sur-
face(s) of the waveguide 104 is not sufficient to cause
TIR as governed by Snell's law. K-vectors inside the
annular guided propagation domain 201 have sufficient x
and/or y components to be guided inside the waveguide
via TIR. K-vectors at the outer circumference of the
annular guided propagation domain 201 correspond to
beams propagating along the plane of the waveguide 104,
i.e. such beams do not have any z component. Radius of
the coupling domain 202 may be 1 and radius of the an-
nular guided propagation domain 201 may be n.

[0044] The in-coupling structure 101 can couple the
set of input beams into the waveguide 104 as a first set
of in-coupled beams 110 associated with a first set of
in-coupled k-vectors 204 1 lying in a first domain 205 1
in k-space.

[0045] For example, in the embodiment of Fig. 2, k-
vectors 203 corresponding to the set of input beams are
located in the coupling domain 202 of the k-space. The

in-coupling structure 101 can couple the set of input
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beams into the waveguide 104 as the first set of in-
coupled beams 110 associated with a first set of in-
coupled k-vectors 204 1 lying in a first domain 205 1
in k-space.

[0046] The in-coupling structure 101 may comprise, for
example, a diffractive grating that can couple the set
of input beams into the waveguide 104. As can be seen
in the embodiment of Fig. 2, since the first set of in-
coupled k-vectors 204 1 is inside the annular guided
propagation domain 201, the corresponding first set of
in-coupled beams 110 are guided inside the waveguide 104

via TIR.

[0047] The different k-vectors in the first set of in-
coupled k-vectors 204 1 may correspond to, for example,
different colours and/or different parts of an image
represented by the set of input beams. For example, the
set of input beams may comprise green, blue, and red
channels. Due to the different wavelength/frequency of
each such colour channel, each colour may occupy a dif-
ferent part of the k-space. For example, in the embod-
iment of Fig. 2, each of the three rectangles in the
first set of in-coupled k-vectors 204 1 may correspond
to a colour channel of the image represented by the set
of input beams.

[0048] The EPE structure 102 can receive the first set
of in-coupled beams 110 and diffract the first set of
in-coupled beams 110 in a first plurality of directions
206 in k-space to form three sets of guided beams asso-
ciated with three sets of k-vectors 204 1, 204 2,

204 3 lying in a first set of three domains 205 1,
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205 2, 205 3 within the annular guided propagation do-
main 201 including the first domain 205 1.

[0049] The out-coupling structure 103 can receive,
from the EPE structure 102, a first diffracted set of
beams 111 associated with a diffracted set of k-vec-
tors lying in at least one of the domains in the first
set of three domains 205 1, 205 2, 205 3, and to out-
couple the first diffracted set of beams 111 from the

waveguide as a set of output beams.

[0050] The out-coupling structure 103 can comprise,
for example, a diffractive grating that can out-couple
the first diffracted set of beams from the waveguide
104 as a set of output beams. In terms of k-space rep-
resentation, this could be illustrated as the out-cou-
pling structure 103 diffracting the diffracted set of
k-vectors lying in at least one of the domains in the
first set of three domains 205 1, 205 2, 205 3 into the
coupling domain 202 of k-space.

[0051] According to an embodiment, the EPE structure
102 is configured to diffract the first set of in-cou-
pled beams via zeroth order and first order diffractions
to form the three sets of guided beams associated with
the three sets of k-vectors 204 1, 204 2, 204 3 lying
in the first set of three domains 205 1, 205 2, 205 3.
[0052] According to an embodiment, the EPE structure
102 is configured to diffract the first set of in-cou-
pled beams via zeroth order and first order diffractions
to only form the three sets of guided beams associated
with the three sets of k-vectors 204 1, 204 2, 204 3
lying in the first set of three domains 205 1, 205 2,
205 3.
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[0053] According to an embodiment, the guided propa-
gation domain 201 surrounds a coupling domain 202, and
the first set of three domains 205 1, 205 2, 205 3 form
a triangle, such as an equilateral triangle or an isos-
celes triangle, that at least partially overlaps with
the coupling domain 202. With such a diffraction by the
EPE structure 102, optical losses can be reduced, since
the three sets of k-vectors 204 1, 204 2, 204 3 are

inside the annular guided propagation domain 201.

[0054] Although in some embodiments dis-closed herein
the k-vectors 203 corresponding to the set of input
beams are located at the k-space origin, this may not
be the case for all embodiments. For example, if the set
of input beams is not perpendicular to the waveguide
104, k-vectors 203 corresponding to the set of input
beams may be located in some other part of the coupling
domain 202.

[0055] Fig. 3 illustrates a k-space representation of
beams diffracted by an exit pupil expansion structure
according to anther embodiment.

[0056] According to an embodiment, the in-coupling
structure 101 is further configured to couple the set
of input beams into the waveguide as a second set of in-
coupled beams associated with a second set of in-coupled
k-vectors 304 1 lying in a second domain 305 1, differ-
ent from the first domain 205 1, in k-space in the an-
nular guided propagation domain 201 associated with the
waveguide.

[0057] The EPE structure 102 may be further configured
to receive the second set of in-coupled beams and to

diffract the second set of in-coupled beams in a second
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plurality of directions 306 in k-space to form three
sets of guided beams associated with three sets of k-
vectors 304 1, 304 2, 304 3 lying in a second set of
three domains 305 1, 305 2, 305 3, different from the
first set of three domains 205 1, 205 2, 205 3, within
the annular guided propagation domain 201 including the
second domain 305 1.

[0058] The first plurality of directions 206 and the
second plurality of directions 306 may be due to the
same diffraction. However, since the first set of in-
coupled beams and the second set of in-coupled beams
propagate to different directions, the same diffraction
causes k-vectors to lie in the first set of three domains
205 1, 205 2, 205 3 for the first set of in-coupled
beams and k-vectors to lie in the second set of three
domains 305 1, 305 2, 305 3 for the second set of in-
coupled beams.

[0059] The out-coupling structure 103 may be further
configured to receive, from the EPE structure 102, a
second diffracted set of beams associated with a dif-
fracted set of k-vectors lying in at least one of the
domains in the second set of three domains 305 1, 305 2,
305 3 and to out-couple the second diffracted set of
beams from the waveguide as the set of output beams.
[0060] Fig. 4 illustrates a k-space representation of
beams diffracted by an in-coupling structure according
to an embodiment.

[0061] According to an embodiment, the in-coupling
structure 101 comprises a one-dimensional diffractive

grating.
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[0062] An in-coupling structure 101 with a one-dimen-
sional diffractive grating can diffract the set of input
beams into two opposing propagation directions in the
waveguide 104. If the in-coupling structure 101 is po-
sitioned close to an edge of the waveguide 104, the in-
coupled beams in one of these propagation directions may
be mostly lost at the edge of the waveguide 104 and only
in-coupled beams in the other propagation direction may

be received by the EPE structure 102.

[0063] If the geometry of the waveguide 104 is such
that both of the two propagation directions can be re-
ceived by the EPE structure 102, the in-coupled beams
can function as the first and the second set of in-
coupled beams. The k-space representation for such a
situation is illustrated in the embodiment of Fig. 4.
The EPE structure 102 can then diffract the first and
the second set of in-coupled beams as disclosed herein
thus forming the three sets of guided beams associated
with three sets of k-vectors 204 1, 204 2, 204 3 lying
in the first set of three domains 205 1, 205 2, 205 3
and the three sets of guided beams associated with three
sets of k-vectors 304 1, 304 2, 304 3 lying in the
second set of three domains 305 1, 305 2, 305 3.

[0064] Fig. 5 illustrates a k-space representation of
beams diffracted by an out-coupling structure according

to an embodiment.

[0065] According to an embodiment, the EPE structure
102 is positioned on a first side of the waveguide 104
and the out-coupling structure 103 is positioned on a
second side of the waveguide 104 and the out-coupling

structure 103 comprises a one-dimensional diffractive
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grating. The EPE structure 102 and the out-coupling
structure 103 may be at least partially aligned. For
example, the EPE structure 102 and the out-coupling
structure 103 may have a similar shape and/or surface
area and they may be substantially aligned. Alterna-
tively, the EPE structure 102 may have a greater surface
area than the out-coupling structure 103 and the area
of the out-coupling structure 103 may be a subarea of
the EPE structure 102. Alternatively, the out-coupling
structure 103 may have a greater surface area than the
EPE structure 102 and the area of the EPE structure 102

may be a subarea of the out-coupling structure 103.

[0066] In the embodiment of Fig. 5, k-space represen-
tation of out-coupling in a one-dimensional out-coupling
structure 103 is illustrated. In the embodiment of Fig.
5, the out-coupling structure 103 out-couples a first
diffracted set of beams associated with a diffracted set
of k-vectors lying in one of the domains in the first
set of three domains 205 1, 205 2, 205 3 and a second
diffracted set of beams associated with a diffracted set
of k-vectors lying in one of the domains in the second
set of three domains 305 1, 305 2, 305 3.

[0067] The out-coupling structure 103 can perform the
out-coupling by diffracting the first and second dif-
fracted set of beams in such a direction 501 in k-space
that k-vectors from one domain 205 3 in the first set
of three domains 205 1, 205 2, 205 3 and one domain
305 3 in the second set of three domains 305 1, 305 2,

305 3 are diffracted into the coupling domain 202.
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[0068] The first domain 205 1 correspond to a so-
called direct beam, since the first domain 205 1 corre-
sponds to a propagation direction of the in-coupled beam
110. If the direct beam is out-coupled without diffrac-
tion in the EPE structure 102, a bright stripe may be
observed in the output image. If out-coupling structure
103 does not out-couple the direct beam, this issue can
be circumvented.

[0069] Alternatively or additionally, the bright
stripe may be mitigated positioning the out-coupling
structure 103 to be between two propagation directions
of the in-coupling structure 101.

[0070] Fig. 6 illustrates a k-space representation of
beams further diffracted by an exit pupil expansion
structure according to an embodiment.

[0071] According to an embodiment, the diffractive
grating of the EPE structure 102 is positioned on a
first side of the waveguide 104 and the EPE structure
102 further comprises a one-dimensional diffractive
grating on a second side of the waveguide configured to
cause further diffraction between two domains in the
first set of three domains and/or two domains in the
second set of three domains.

[0072] For example, in the embodiment of Fig. 6, the
EPE structure 102 further comprises a one-dimensional
diffraction grating on the second side of the waveguide
104. As can be seen from the k-space representation, the
one-dimensional diffractive grating on the other side
that strengthens jumps between certain propagation di-

rections.
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[0073] In any embodiment disclosed herein, edges of
the waveguide 104 may comprise diffractive gratings,
such as one-dimensional diffractive gratings, config-
ured to return any light to the centre of the waveguide
104. These diffractive gratings can be on the first side
and/or on the second side of the waveguide 104.

[0074] Fig. 7 illustrates a schematic representation
of diffractive grating lattice structures according to
an embodiment.

[0075] Herein, a hexagonal diffractive grating may
refer to a diffractive grating that has a two-dimen-
sional hexagonal lattice structure. A hexagonal lattice
comprises a 60° angle between the primitive lattice vec-
tors 705, 706 and the primitive lattice vectors 705, 706
are of the same length.

[0076] It should be understood that the manufacturing
of a lattice structure may be limited by the manufac-
turing method used. Thus, any lattice that has the
aforementioned features within the tolerances of the
used manufacturing method may be considered a hexagonal

lattice.

[0077] It should be understood that the embodiment of
Fig. 7 may not represented the physical structure of the
diffractive gratings. Rather, the embodiment of Fig. 7
represents an example of the periodicity and orientation
of the diffractive gratings in terms of primitive lat-
tice wvectors 705, 706, 707, 708. For example, a dif-
fractive grating can comprise ridges/rulings and the
primitive lattice vectors 705, 706, 707, 708 can corre-
spond to the spatial periodicity and orientation of

these ridges/rulings. For example, such ridges/rungs can
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run along the lattice elements. Thus, the spatial period
of the ridges/rungs, i.e. the distance between two con-
secutive ridges/rungs, can be perpendicular to the prim-
itive lattice vectors. The structure of these
ridges/rungs define the diffraction caused by the dif-
fractive grating.

[0078] According to an embodiment, the in-coupling
structure 101 comprises an in-coupling diffractive grat-
ing for coupling the set of input beams into the wave-
guide and/or the out-coupling structure 103 comprises
an out-coupling diffractive grating for out-coupling the
first and/or second diffracted set of beams from the
waveguide.

[0079] According to an embodiment, the in-coupling
structure 101 comprises a spatially periodic diffractive
grating having primitive lattice vectors a; 707 and by
708, and wherein the exit pupil expansion structure 102
comprises a spatially periodic diffractive grating hav-
ing primitive lattice vectors agpy 705 and bgpy 706, and
wherein an angle between a, and b, and angle between
agpg and bgpy is less than 90 degrees, and wherein aq; =
2agpg-bgpg and byc = agpg + bepe -

[0080] An example of the lattice structure for the
diffractive gratings of the in-coupling structure 101
and of the EPE structure 102 is illustrated in the em-
bodiment of Fig. 7. The filled-in lattice elements form
the lattice structure of the in-coupling structure 101
while the filled-in and non-filled-in lattice elements
form the lattice structure of the EPE structure 102.
[0081] Although the lattice structure of the EPE

structure is illustrated as hexagonal in the embodiment
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of Fig. 7, this 1is only an example and the lattice

structure can also take various other forms.

[0082] Although the primitive lattice vectors 705,
706, 707, 708 of the EPE structure 102 and of the in-
coupling structure 101 are illustrated in one lattice
in the embodiment of Fig. 7, this is only for illustra-
tive purposes. Typically, the diffractive grating of the
EPE structure 102 is a separate structure from the dif-
fractive grating of the in-coupling structure 101.

[0083] The primitive lattice vectors may also be cho-
sen in other ways both for the in-coupling structure 101
and for the EPE structure 102, which can lead to dif-

ferent relations between the primitive vectors.

[0084] With the aforementioned relations between the
primitive vectors 705, 706 of the EPE structure 102 and
of the primitive vectors 707, 708 of the in-coupling
structure 101, the EPE structure 102 can have six prop-
agation directions, two for each set of in-coupled
beams, with no substantial out-coupling. An example of
this in terms of a k-space representation is illustrated
in the embodiment of Fig. 3. Since the out-coupling at
the EPE structure 102 is reduced, optical efficiency of
the display component 100 can be improved.

[0085] In some embodiments, the in-coupling structure
101 may comprise some other type of diffractive grating,
such as a one dimensional diffractive grating. In such
embodiments, the diffractive grating of the EPE struc-
ture 102 may be rotated with respect to the propagation

direction of the first set of in-coupled beams 110.

[0086] According to an embodiment, an angle between a

propagation direction of the first set of in-coupled
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beams 110 and at least one lattice wvector of the dif-
fractive grating of the EPE structure 102 is in the
range 12 - 38 degrees, 12 - 30 degrees, 15 - 30 degrees,
or 20 - 30 degrees.

[0087] According to an embodiment, EPE structure 102
comprises a diffractive grating wherein an angle between
primitive lattice vectors of the diffractive grating is
in the range 21 - 91 degrees and a ratio between lengths
of the lattice vectors is in the range 0.62 - 1. Such a
diffractive grating may be referred to as a modified
hexagonal grating or similar. Alternatively, the angle
between the primitive lattice vectors of the diffractive
grating may be in the range 25 - 85 degrees, 36 - 76
degrees, 40 - 70 degrees, 45 - 70 degrees, 50 - 70
degrees, or 55 - 65 degrees.

[0088] Fig. 8 illustrates a schematic representation
of beams in an exit pupil expansion structure according
to an embodiment.

[0089] The embodiment of Fig. 8 may correspond to the
k-space representation of the embodiment of Fig. 2.
[0090] As the first set of in-coupled beams 110 prop-
agates inside the waveguide 104 via TIR, each time the
beams hit a surface of the waveguide 104 with the dif-
fractive grating of the EPE structure 102, the beams can
interact with the diffractive grating.

[0091] Each time a beam interacts with the diffractive
grating of the EPE structure 102, the beam is dif-
fracted. For example, in the embodiment of Fig. 8, at
each point of interaction, part of the beam is dif-
fracted into two directions and part continues along the

original propagation direction by reflecting from the
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grating. The propagation directions correspond to those
illustrated in the k-space representation of the embod-
iment of Fig. 2. Thus, the EPE structure 102 can expand
the original image represented by the first set of in-
coupled beams.

[0092] In the embodiment of Fig. 8, one set of in-
coupled beams arrives to the EPE structure 102. If a
second set of in-coupled beams arrived to the EPE struc-
ture 102, more propagation direction could be observed.
For example, for the propagation directions illustrated
in the embodiment of Fig. 3, there would be an opposite
propagation direction for each propagation direction
illustrated in the embodiment of Fig. 8.

[0093] Fig. 9 illustrates a schematic representation
of correspondence between the set of input beams and the
set of output beams.

[0094] The out-coupling structure 103 can out-couple
the light from the waveguide 104 each time the light
interacts with the out-coupling structure 103. Thus, the
image can be both expanded and out-coupled by the out-
coupling structure 103.

[0095] A beam 910 in the set of input beams 901 cor-
responding to a middle section of an image can be con-
verted into corresponding output beams 920 in the set
of output beams 902 that are aligned with an optical
axls perpendicular to the exit pupil 940 of the wave-
guide 104.

[0096] A beam 911 in the set of input beams 901 cor-
responding to the right side of the image can be con-
verted into corresponding output beams 921 in the set

output beams 902 that exit the waveguide 104 at such an
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angle that they appear to have originated from a loca-
tion in the right portion of the field of view of the
user 903. Similarly, a beam 912 in the set of input
beams 901 corresponding to the left side of the image
can be converted into corresponding output beams 922 in
the set of output beams 902 that exit the waveguide 104
at such an angle that they appear to have originated
from a location in the left portion of the field of view

of the user 903.

[0097] Although the beams 920, 921, 922 corresponding
to the different parts of the image in set of output
beams 902 are illustrated to be output from singular
points from the waveguide 104, this is only for illus-
trative purposes. In practice, each beam 920, 921, 922
may be output from a different part of the waveguide
104.

[0098] Qutput beams in the set of output beams 902
corresponding to a specific point of the image may com-
prise Dbeams that propagate along parallel paths, as
shown in the embodiment of Fig. 9, or diverging paths.
The former case results in the image being projected so
as to appear to have originated from optical infinity,
while in the latter case the image is projected so as

to appear to have originated from some finite distance.

[0099] Thus, the display component 100 can in-couple
the set of input beams 901 and guide them to form an
exit pupil 940, which is larger than the entrance pupil
930. The display component 100 can convert a given input
beam at a specific angle in the set of input beams 901
into many corresponding beams which are output across

the exit pupil 940 in the set of output beams 902 at an
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angle that is correlated with that the specific input
beam.

[0100] Both the EPE structure 102 and the out-coupling
structure 103 can be configured to expand the image. For
example, the EPE structure 102 may expand the image in
one direction in a manner similar to the embodiment of
Fig. 8 and the out-coupling structure 103 can expand the
image in a perpendicular direction, for example, in a
manner similar to the embodiment of Fig. 9. Alterna-
tively, the EPE structure 102 may be configured to ex-
pand the image in two perpendicular directions and the
out-coupling structure 103 may be configured to out-
couple the light from the waveguide 104.

[0101] Fig. 10 illustrates a schematic representation
of simulation results according to a plurality of em-
bodiments.

[0102] The left-most k-space representation 1001 il-
lustrates diffraction caused by an in-coupling structure
101 with a one-dimensional diffractive grating. The
other k-space representations 1002 - 1005 illustrate
diffraction caused by EPE structures 102 with different
lattice configurations when the EPE structure 102 re-
ceives the first set of in-coupled beams diffracted by
the in-coupling structure 101 with a one-dimensional
diffractive grating.

[0103] K-space representation 1002 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.94 and
the angle between the lattice vectors is 122°.

[0104] K-space representation 1003 corresponds to an

EPE structure 102 with a lattice structure in which a
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ratio between lengths of the lattice vectors is 0.87
and the angle between the lattice vectors is 116°.
[0105] K-space representation 1004 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.81
and the angle between the lattice vectors is 128°.
[0106] K-space representation 1005 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.76
and the angle between the lattice vectors is 112°.
[0107] Fig. 11 illustrates a schematic representation
of simulation results according to another plurality of
embodiments.

[0108] The left-most k-space representation 1101 1il-
lustrates diffraction caused by an in-coupling structure
101 with a one-dimensional diffractive grating. The
other k-space representations 1102 - 1105 illustrate
diffraction caused by EPE structures 102 with different
lattice configurations when the EPE structure 102 re-
ceives the first set of in-coupled beams diffracted by
the in-coupling structure 101 with a one-dimensional
diffractive grating.

[0109] K-space representation 1102 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.96 and
the angle between the lattice vectors is 122°.

[0110] K-space representation 1103 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.70

and the angle between the lattice vectors is 110°.
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[0111] K-space representation 1104 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.82
and the angle between the lattice vectors is 127°.
[0112] K-space representation 1105 corresponds to an
EPE structure 102 with a lattice structure in which a
ratio between lengths of the lattice vectors is 0.62
and the angle between the lattice vectors is 108°.
[0113] Fig. 12 illustrates a schematic representation
of simulation results according to another plurality of
embodiments.

[0114] In the embodiments of Fig. 12, each column cor-
responds to a lattice structure illustrated in the bot-
tom. All of the illustrated lattice elements form the
lattice structure of the EPE structure 102 while the
filled-in lattice cites form the lattice structure of
the in-coupling structure 101. The primitive vectors of
these lattice structures follow the aforementioned a0 =
20gpg—bgpr, bic = Qgpg + bgpp relation. The top of each col-
umn illustrates the k-space representation of each in-
coupling structure 101 while the middle illustrates the

k-space representation of the EPE structure 102.

[0115] In the simulation results illustrated in Figs.
10, 11, and 12 the simulation results are illustrated
only for one wavelength.

[0116] Any range or device value given herein may be
extended or altered without losing the effect sought.
Also any embodiment may be combined with another embod-
iment unless explicitly disallowed.

[0117] Although the subject matter has been described

in language specific to structural features and/or acts,
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it is to be understood that the subject matter defined
in the appended claims is not necessarily limited to the
specific features or acts described above. Rather, the
specific features and acts described above are disclosed
as examples of implementing the claims and other equiv-
alent features and acts are intended to be within the
scope of the claims.

[0118] It will be understood that the 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. It will further be un-
derstood that reference to 'an' item may refer to one
or more of those items.

[0119] Aspects of any of the embodiments described
above may be combined with aspects of any of the other
embodiments described to form further embodiments with-
out losing the effect sought.

[0120] The term 'comprising' is used herein to mean
including the method, blocks or elements identified, but
that such blocks or elements do not comprise an exclu-
sive list and a method or apparatus may contain addi-
tional blocks or elements.

[0121] It will be understood that the above descrip-
tion is given by way of example only and that various
modifications may be made by those skilled in the art.
The above specification, examples and data provide a
complete description of the structure and use of exem-

plary embodiments. Although various embodiments have
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been described above with a certain degree of particu-
larity, or with reference to one or more individual
embodiments, those skilled in the art could make numer-
ous alterations to the disclosed embodiments without
5 departing from the spirit or scope of this specifica-

tion.
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CLAIMS:

1. A display component (100), comprising:
a waveguide (104);
an in-coupling structure (101) configured to cou-
ple a set of input beams (901) into the waveguide
(104) as a first set of in-coupled beams (110) as-
sociated with a first set of in-coupled k-vectors
(204 1) lying in a first domain (205 1) in k-space
in an annular guided propagation domain (201) as-
sociated with the waveguide (104);
an exit pupil expansion structure (102) comprising
a diffractive grating and configured to receive the
first set of in-coupled beams (110) and to diffract
the first set of in-coupled beams (110) in a first
plurality of directions (206) in k-space to form
three sets of guided beams associated with three
sets of k-vectors (204 1, 204 2, 204 3) lying in a
first set of three domains (205 1, 205 1, 205 3)
within the annular guided propagation domain (201)
including the first domain (205 1);
an out-coupling structure (103) configured to re-
ceive, from the exit pupil expansion structure
(102), a first diffracted set of beams (111) asso-
ciated with a diffracted set of k-vectors lying in
at least one of the domains in the first set of
three domains (205 1, 205 1, 205 3), and to out-
couple the first diffracted set of beams (111) from
the waveguide (104) as a set of output beams (902)

wherein the in-coupling structure (101) 1is

further configured to couple the set of input beams

(901)

into the waveguide (104) as a second set of in-
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coupled beams associated with a second set of in-coupled
k-vectors (304 1) lying in a second domain (305 1), dif-
ferent from the first domain (205 1), in k-space in the
annular guided propagation domain (201) associated with
the waveguide (104), and

wherein the exit pupil expansion structure
(102) is further configured to receive the second set
of in-coupled beams and to diffract the second set of
in-coupled beams in a second plurality of directions
(306) in k-space to form three sets of guided beams as-
sociated with three sets of k-vectors (304 1, 304 2,
304 2) lying in a second set of three domains (305 1,
305 2, 305 3), different from the first set of three
domains (305 1, 305 2, 305 3), within the annular guided
propagation domain (201) including the second domain
(305 1), and

wherein the out-coupling structure (103) 1is
further configured to receive, from the exit pupil ex-
pansion structure (102), a second diffracted set of
beams associated with a diffracted set of k-vectors ly-
ing in at least one of the domains in the second set of
three domains (205 1, 205 2, 205 3) and to out-couple
the second diffracted set of beams from the waveguide

(104) as the set of output beams (902).

2. The display component (100) according to
claim 1, wherein the in-coupling structure (101) com-
prises an in-coupling diffractive grating for coupling
the set of input beams (901) into the waveguide and/or
wherein the out-coupling structure (103) comprises an

out-coupling diffractive grating for out-coupling the
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first and/or second diffracted set of beams from the

waveguide.

3. The display component (100) according to
any preceding claim, wherein the in-coupling structure
comprises a spatially periodic diffractive grating hav-
ing primitive lattice vectors a; (707) and by (708),
and wherein the exit pupil expansion structure comprises
a spatially periodic diffractive grating having primi-
tive lattice vectors dagpg (705) and bgpg (706), and
wherein an angle between aq; (707) and by (708) and an-
gle between dgpg (705) and bgpg (706) 1is less than 90

degrees, and wherein Aic = ZaEpE—bEPE and blC = dgpg +bEPE'

4. The display component (100) according to
claim 3, wherein the out-coupling structure (103) com-
prises a spatially periodic hexagonal diffractive grat-
ing having the primitive lattice wvectors a;c (707) and

bc (708).

5. The display component according to any of
claims 1 - 3, wherein the exit pupil expansion structure
(102) is positioned on a first side of the waveguide
(104) and the out-coupling structure (103) is positioned
on a second side of the waveguide (104), and wherein the
out-coupling structure (103) comprises a one-dimen-

sional diffractive grating.

6. The display component (100) according to
any preceding claim, wherein a hexagonal diffractive

grating of the exit pupil expansion structure (102) is
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positioned on a first side of the waveguide (104) and
the exit pupil expansion structure (102) further com-
prises a one-dimensional diffractive grating on a second
side of the waveguide (104) configured to cause further
diffraction between the first set of three domains
(205_1, 205 2, 205 3) and/or the second set of three
domains (305 1, 305 2, 305 3).

7. The display component (100) according to
any of the preceding claim, wherein the exit pupil ex-
pansion structure (102) is configured to diffract the
first set of in-coupled beams (110) via zeroth order and
first order diffractions to form the three sets of
guided beams associated with the three sets of k-vectors
(204 1, 204 2, 204 3) lying in the first set of three
domains (205 1, 205 2, 205 3).

8. The display component (100) according to
any preceding claim, wherein the exit pupil expansion
structure (102) is configured to diffract the first set
of in-coupled beams via zeroth order and first order
diffractions to only form the three sets of guided beams
associated with the three sets of k-vectors (204 1,
204 2, 204 3) lying in the first set of three domains
(205 1, 205 2, 205 3).

9. The display component (100) according to
any preceding claim, wherein the guided propagation do-
main (201) surrounds a coupling domain (202), and
wherein the first set of three domains forms a triangle,

an equilateral triangle, or an isosceles triangle that
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at least partially overlaps with the coupling domain

(202) .

10. A display device comprising a display com-

ponent according to any preceding claim.

11. A display device according to claim 10,
comprising a scanner-based optical engine, e.g., a la-
ser-scanning optical engine, for directing the set of

input beams (901) to the in-coupling structure.

12. A display device according to claim 11 or

11 implemented as a see-through display device.

13. A display device according to any of
claims 10 - 12 implemented as a head-mounted display

device.



