(19)

10) FI 128552 B

12y PATENTTIJULKAISU
PATENTSKRIFT
PATENT SPECIFICATION

(45) Patentti myonnetty - Patent bewiljats - Patent granted 31.07.2020

(51) Kansainvalinen patenttiluokitus - Internationell patentklassifikation -
International patent classification

SUOMI - FINLAND G02B 27/01 (2006.01)
(FI) G02B 27/42 (2006.01)
G02B 27/00 (2006.01)

PATENTTI- JA REKISTERIHALLITUS G02B 5/18 (2006.01)

PATENT- OCH REGISTERSTYRELSEN (21) Patenttihakemus - Patentansékning - Patent 20185293

FINNISH PATENT AND REGISTRATION OFFICE application
(22) Tekemispaiva - Ingivhingsdag - Filing date 28.03.2018

(23) Saapumispaiva - Ankomstdag - Reception date 28.03.2018

(43) Tullut julkiseksi - Blivit offentlig - Available to the 29.09.2019
public

(73) Haltijja - Innehavare - Proprietor
1 *Dispelix Oy, Metsanneidonkuja 10, 02130 ESPOO, SUOMI| - FINLAND, (Fl)

(72) Keksija - Uppfinnare - Inventor
1 Blomstedt, Kasimir, ESPOO, SUOMI| - FINLAND, (FI)
2 *Erdmanis, Mikhail, ESPOO, SUOMI - FINLAND, (Fl)

(74) Asiamies - Ombud - Agent
Laine IP Oy, Porkkalankatu 24, 00180 Helsinki

(54) Keksinnon nimitys - Uppfinningens benamning - Title of the invention
Aaltojohdenayttoelementti heljjastinpinnalla

Vagleadrdisplayelement med reflektoryta
Waveguide display element with reflector surface

(56) Viitejulkaisut - Anforda publikationer - References cited
WO 2017120320 A1, EP 2241926 A1, WO 2017162999 A1, US 2003165017 A1, WO 2006132614 A1,
YANG, J. et al. Polychromatic see-through near eye display design with two waveguides and a large field-of-view. In: Proc. SPIE 9896,
Optics, Photonics and Digital Technologies for Imaging Applications 1V. SPIE, 2016-04-29, Vol. 9896, 989605-1 - 989605-7, [retrieved
on 2018-11-06]

(57) Tiivistelma - Sammandrag - Abstract

Esilla oleva keksinto tarjoaa aalto-ohjainnayttéelementin, joka
kasittaa aalto-ochjaimen (10), joka kasittaa kaksi vastakkaista
paapintaa, aalto-ochjaimen (10) ensimmaiseen sijaintiin jarjestetyn
ensimmaisen optisen elementin, aalto-ohjaimen (10) toiseen
sijaintiin jarjestetyn toisen optisen elementin, ja vahintaan yhden
heljastinpinnan (43A-C), joka suuntautuu mainittujen paapintojen
valissa ja on sovitettu heijastamaan aalto-ohjaimessa (10) etenevia
valonsateita. Heijastinpinta (43A-C) on mukautettu suuntaamaan
valonsateet uudelleen ensimmaisesta optisesta elementista toiseen
optiseen elementtiin.

14A 12A

The invention provides waveguide display element comprising a
waveguide (10) comprising two opposing main surfaces, a first
optical element arranged at a first location of the waveguide (10), a
second optical element arranged at a second location of the
waveguide (10), and at least one reflector surface (43A-C) extending
between said main surfaces and adapted to reflect light rays
propagating within the waveguide (10). The reflector surface (43A-C)
IS adapted to redirect light rays from the first optical element to the
second optical element.
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Waveguide display element with reflector surface

Field of the Invention

The invention relates to waveguide displays which can be used in personal display
devices, such as head-mounted displays (HMDs) and head-up displays (HUDs). Such
displays typically comprise a waveguide and at least one giffractive optical element, such

as a grating, arranged onto or into the waveguide.

Background of the Invention

Waveguides are key image-forming elements in many modern personal display devices.
The image to be displayed can be coupled into and out of the waveguide, as well as
modified within the waveguide, using diffractive gratings arranged in the main plane of the
waveguide, typically on its surface. For example, there may be provided an in-coupling
grating for coupling an image from a projector into the waveguide, an exit pupil expander
(EPE) grating for expanding the light field in one or more in-plane dimensions of the
waveguide, and an out-coupling grating which couples the light field out of the waveguide
to the user's eye. Gratings can be designed to perform optical functions inside the
waveguide, just like the exit pupll expansion function of an EPE. However, gratings
require considerable surface area, which is very limited in practical display devices, In

near-to-the-eye devices (NEDs).

Waveguides with additional reflector surfaces inside the waveguide, which are suitable
tilted or curved, when seen In a cross-sectional plane of the waveguide, may be known. In
addition, it may be known that the reflector surfaces may facilitate out-coupling of light

from the waveguide.

Arrangements that can be used to modify the light field inside the waveguide up to certain
limits may be known. However, such arrangements should not be too limited and/or take

too much surface area on the waveguide.

YANG, J. et al. Polychromatic see-through near eye display design with two waveguides
and a large field-of-view. In: Proc. SPIE 9896, Optics, Photonics and Digital Technologies
for Imaging Applications 1V. SPIE, 2016-04-29, Vol. 9896, 989605-1 - 989605-7, [retrieved

on 2018-11-06], discloses a new kind of waveguide near eye display (WGNED) with new
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in-coupling and propagation subsystems to vertically enlarge the field-of-view (FOV).
However, a very specific solution is disclosed, where it i1s not possible to add further

reflector surfaces without destroying the function of the waveguide.

Summary of the Invention

It 1s an aim of the invention to overcome at least some problems of the prior art. A

particular aim is to provide a solution that saves surface area of the waveguide.
This aim is achieved by the invention as defined In the independent claims.

According to one aspect, the invention provides a waveguide comprising two opposing
main surfaces, a first optical element arranged at a first location of the waveguide, a
second optical element arranged at a second location of the waveguide, and at least one
reflector surface extending between said main surfaces and adapted to reflect light rays
propagating within the waveguide. The reflector surface is adapted to redirect light rays

from the first optical element to the second optical element.

In some embodiments, the reflector surface is a planar surface, either perpendicular or

moderately (e.g. 1-25 degrees) tilted with respect to the waveguide plane or tilted with

respect to that plane.

(Generally speaking, the present reflector surface has a shape and orientation in which the

surface is capable of redirecting propagating rays within the waveguide, as opposed o

coupling light into or out of the waveguide through one of the main surfaces thereof.

In alternative embodiments, the reflector surface is curved in the waveguide plane (when
iInspected in the plane of the main surfaces) and/or a plane perpendicular to that plane.

Thus, it may serve as a mirror lens.

The reflector surface may be a fully or partially reflective structure, such as a reflective
unitary material layer, such as a metal coating, reflective grating structure or reflective

thin-layer stack, inside or at a lateral edge of the waveguide.

The optical elements may be diffractive optical elements (DOEs) of any type, capable of
performing light in-coupling, exit pupil expansion or out-coupling functions, for exampile, or

other elements such as light sources, display panels, or other reflective surfaces.
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The invention offers significant benefits. It is possible to perform optical functions inside
the waveguide without in-plane gratings that take considerable amount of space on the
waveguide. Space is very limited in particular in practical virtual reality (VR) and

augmented reality (AR) applications, in which the aim i1s usually to maximize the field of

view and where the out-coupling grating takes a significant portion of the waveguide area.

Practical examples include compression and decompression of the light field, exit pupil

expansion, and integration of additional components to the waveguide. These applications

are exemplified in detail later.

The dependent claims are directed to selected embodiments of the invention.

Next, embodiments of the invention and advantages thereof are discussed in more detall

with reference to the attached drawings.

Fig. 1A shows In perspective view a waveguide comprising two exemplary reflector

surfaces positioned on an outer edge thereof.

Fig. 1B shows in perspective view a waveguide comprising two exemplary reflector

surfaces positioned inside the waveguide.

Figs. 2-4 llustrate top views of waveguide element for various practical applications of the

invention.

Detailed Description of Embodiments

The invention is discussed below with the aid of embodiments in which the reflector
surface is at each point thereof perpendicular to the waveguide plane and either planar or
curved when seen in the waveguide plane. However, the same principles can be applied
to such embodiments where the surface is tilted or curved in the cross-sectional plane of
the waveguide. If tilted or curved, the tilting or curvature is moderate, meaning that the
surface will not substantially out-couple propagating rays that hit the surface through the
main surface of the waveguide, but redirects them between optical elements on the

waveguide.
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The change in angle distribution of light, i.e. the optical function of the reflector surface, is

determined by the shape of the reflector surface and, in the case of grating-based or thin-

film stack reflectors, the grating or thin-film structure.

With reference to Figs. 1A and 1B, iIn some embodiments, there i1s provided a waveguide
display element comprising a planar waveguide 10 comprising two opposing main

surfaces extending essentially in a first plane. In another example, the waveguide 1s

curved, the main surfaces however being mutually parallel at each lateral location.

In some embodiments, the reflector surface is arranged on the outer edge of the
waveguide 10, as shown in Fig. 1A. The plane of the edge is perpendicular to the plane of

the main surfaces of the waveguide 10.

In one example, the edge reflector surface i1s a planar surface 12A, occupying a whole

edge or part of an edge of the waveguide 10.

In another exampie, the edge reflector surface is a curved surface 14A when inspected In
the plane of the main surfaces of the waveguide. The tangent of the curved surface 14A

remains within the waveguide.

The exact shape of a curved surface may be e.g. circular, elliptic or parabolic, or any other

suitable shape, depending on the required optical function.

In both examples, the edge reflector surface 12A, 14A i1s capable of reflecting adapted to
reflect light rays propagating within the waveguide between said main surfaces via total

iInternal reflections, as visualized by the dashed arrows.

In some embodiments, like shown in Fig. 1B, the reflector surface 12B is located on an
iInner edge surface, 1.e. surface of a void within the waveguide. This way, located within
the waveguide at a distance from said outer edge surface, the reflector surface may be
used to perform optical functions inside the waveguide. Positioning of the reflector surface

s therefore very flexible.

In some embodiments, the reflector surface iIs arranged at a distance from outer (and
optional inner) edge surfaces as an embedded optical surface 14B. That is there does not
necessarily need to be a void inside the waveguide although this may simplify

manufacturing.
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In Fig. 1B, the inner edge reflector surface 12B is a straight surface and the embedded

reflector surface 14B a curved surface, by way of example only. Any combination of

placements/production methods and shapes is possible.

In some embodiments, the reflector surface comprises a grating, whose grating plane is
parallel to the reflector surface. In the case of a reflector surface perpendicular to the
waveguide plane, the grating vector of the grating is typically parallel to the plane of the

main surfaces. One-dimensionally grated gratings are typical, although two-dimensional

gratings capable of performing a more complex function are not excluded.

In some embodiments the reflector surface comprises a reflective layer, such as a metal

layer. The layer can be produced as a coating layer on an outer or inner edge, or

embedded into the waveguide by some other technique known per se.

In some embodiments the reflector surface comprises a thin-film stack of at least two

different materials having different indices of refraction.

In one embodiment, there is provided a thin-film stack and a reflective coating layer
applied on top of the thin-film stack. The stack may serve for example as an absorbing

filter for a predefined wavelength range and angle of incidence, or an element capable of

inducing phase shifts in a controlled manner.

There may be one or more reflector surfaces of the same or different kind and serving for

the same or different purpose in a single waveguide.

In some embodiments, the waveguide comprises at least two separate grating areas

typically arranged on at least one of the main surfaces thereof and the reflector surface is

adapted to redirect light rays propagating between the grating areas.

In one specific example, the waveguide comprises an exit pupil expander grating area and
an out-coupling grating area, and there are one or more reflector surfaces arranged

optically between the exit pupil expander grating area and the out-coupling grating area.

In some embodiments, the reflector surface is adapted to carry out a field-of-view
compression or decompression optical function for a set of light rays representing an

Image coupled into the waveguide.

Fig. 2 shows an example of such arrangement. The waveguide 10 comprises an in-

coupling grating 21 adapted to couple light from the outside of the waveguide 10 into the
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waveguide as propagating light. The light is directed from the in-coupling grating 21 to an
exit pupil expander (EPE) grating 22, which expands the light field in at least one, typically
two lateral dimensions. From the EPE grating 22, the light is directed to a curved reflector
surface 23. The surface 23 forms a convex mirror, which redirects the incoming light rays

towards an out-coupling grating 24 (or a further £PE), at the same time decompressing
the light field.

The benefit of the arrangement of Fig. 2 is that initial ight field expansion can be carried

out at lesser space at the EPE 22.

Instead of decompression, the compression of the light field can be carried out using a

concave reflector surface.

In some embodiments, the waveguide comprises an in-coupling grating area and an out-

coupling grating area, and the reflector surface 1s arranged optically between the in-

coupling grating area and the out-coupling grating area.

F1g. 3 shows an example of such arrangement. The waveguide 10 comprises an in-
coupling grating 31 adapted to couple light from the outside of the waveguide 10 into the
waveguide as propagating light. The light is directed from the in-coupling grating 31 to an
opposing pair of reflector surfaces 33, 34, which expand the light field before directed to
an out-coupling grating 38. An additional reflector surface 32 may be provided on the side
of the element to prevent escaping of light rays bounced away from the out-coupling

grating 38.

In some embodiments, the waveguide comprises an attached or integrated image source
arrangement and at least one diffractive grating, and the reflector surface is adapted to
redirect light rays propagating within the light image source arrangement and/or between
the image source arrangement and the diffractive grating. Further the image source
arrangement may comprise a light source element integral with the waveguide and a
display panel integral with the waveguide, wherein the reflector surface is adapted to

redirect light rays propagating between the light source element and the display panel.

Fig. 4 shows an example of such arrangement. The lightguide 10 comprises an integral
light source element 41 and an integral display panel element 42. There is also provided a
plurality of reflector surfaces 43A-C, positioned so as to redirect light rays inside the
waveguide from the light source {o the projector in desired angles and with desired

distribution. Together the light source 41, display panel 42 and reflector surfaces 43A-C
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form an integral image projector, from which light is further directed to an out-coupling

grating 48.

According to one additional aspect, there is provided a waveguide comprising two
opposing main surfaces, a first optical element arranged at a first location of the
waveguide, and at least one reflector surface extending between said main surfaces
perpendicular to the main surfaces and adapted to couple light into or out of the

waveguide, in particular though an edge surface thereof, by reflecting propagating light

rays to or from said first optical element. The reflector surface may be planar or curved In
the waveguide plane. As concerns the practical implementation and positioning of the

reflector surface, the principles discussed above apply to this aspect to0o0.

Aspects and embodiments discussed above may be freely combined. For example, there

may be a plurality of reflector surfaces of the same or different kinds and between the

same or different first and second optical elements.

The waveguide element can be used Iin a personal see-through display device, such as a

head-mounted display device, like a near-to-the-eye device or head-up display device.
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Claims

1. A waveguide display element comprising

— awaveguide (10) comprising two opposing main surfaces,

— a first diffractive optical element arranged at a first location of the waveguide (10),

— a second diffractive optical element arranged at a second location of the
waveguide (10),

— at least one reflector surface (43A-C) extending between said main surfaces and
adapted to reflect light rays propagating within the waveguide, wherein the

reflector surface (43A-C) is adapted to redirect light rays from the first diffractive

optical element to the second diffractive optical element

characterized in that

— the reflector surface (43A-C) is curved when inspected in the plane of said main

surfaces, and

— there are a plurality of such curved reflector surfaces (43A-C) of the same or
different kinds and arranged between the same or different first and second

optical elements.

2. The element according to claim 1, wherein the reflector surface (43A-C) is

perpendicular to said main surfaces.

3. The element according to claim 1, wherein the reflector surface (43A-C) is tilted with

respect to the normal direction of said main surfaces, typically by 25 degrees at maximum.

4. The element according to claim 1, wherein the reflector surface (43A-C) is curved when

Inspected In a plane perpendicular to said main surfaces.

5. The element according to any of the preceding claims, wherein

— the waveguide (10) comprises at least one outer edge surface extending between
sald main surfaces,

— the reflector surface is located at said outer edge surface.

6. The element according to any of claims 1-4, wherein

— the waveguide (10) comprises at least one outer edge surface extending between

sald main surfaces,
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— the reflector surface (43A-C) is located within the waveguide (10) at a distance

from said outer edge surface.

/. The element according to claim 6, wherein

— the waveguide (10) comprises at least one void having an inner edge surface

extending between said main surfaces,

— the reflector surface (43A-C) is located at said inner edge surface at a distance

from said outer edge surface.

3. The element according to any of the preceding claims, wherein the reflector surface

(43A-C) comprises a grating capable of reflective diffraction of said light rays.

9. The element according to any of the preceding claims, wherein the reflector surface

(43A-C) comprises a reflective coating, such as a metal coating.

10. The element according to any of the preceding claims, wherein the reflector surface

(43A-C) comprises a thin-film stack.

11. The element according to any of the preceding claims, wherein the first and second

diffractive optical elements comprise grating areas.

12. The element according to any of the preceding claims, wherein

— the first optical element comprises an exit pupil expander grating area, and

— the second optical element comprises an out-coupling grating area.

13. The element according to any of the preceding claims, wherein

— the first optical element comprises an in-coupling grating area, and

— the second optical element comprises an out-coupling grating area.

14. The element according to any of the preceding claims, wherein

— the first optical element comprises a light source element integral (41) with the

waveguide (10), and

— the second optical element comprises a display panel integral (42) with the

waveguide (10).

15. The element according to any of the preceding claims, wherein
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— the first optical element comprises an attached or integrated image source
component, and

— the second optical element comprises a diffractive grating area, such an exit pupll

expander grating area or an out-coupling grating area.

16. The element according to any of the preceding claims, wherein at least one of the first
and second optical elements is a reflective surface, in particular a reflector surface as

referred to in any of the preceding claims.

17. The element according to any of the preceding claims, wherein the reflector surface
(43A-C) is adapted to carry out a field-of-view compression or decompression optical

function for a set of light rays representing an image coupled into the waveguide.

18. A personal see-through display device, such as a head-mounted display device or
head-up display device, comprising a waveguide display element according to any of the

preceding claims.
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Patenttivaatimukset

1. Aalto-ohjainnayttbelementti, joka kasittaa

— aalto-ohjaimen (10), joka kasittaa kaksi vastakkaista paapintaa,

— ensimmaisen diffraktiivisen optisen elementin, joka on jarjestetty aalto-ohjaimen
(10) ensimmaiseen sijaintiin,

— {oisen diffraktiivisen optisen elementin, joka on jarjestetty aalto-ohjaimen (10)
toiseen sijaintiin,

— vahintaan yhden heijastinpinnan (43A-C), joka suuntautuu mainittujen paapintojen
valissa ja on sovitettu heijastamaan aalto-ohjaimessa etenevia valonsateita, jossa

heijastinpinta (43A-C) on sovitettu ohjaamaan valonsateita uudelleen

ensimmaiselta optiselta elementilta toiselle optiselle elementille

tunnettu siita, etta

— heijastinpinta (43A-C) on kaareva mainittujen paapintojen suunnassa
tarkasteltuna, ja
— {allaisia kaarevia, samanlaisia tai erilaisia heijastinpintoja (43A-C) on joukko ja ne

on jarjestetlty samojen tai eri ensimmaisten ja toisten optisten elementtien valiin.

2. Patenttivaatimuksen 1 mukainen elementti, jossa heijastinpinta (43A-C) on

kohtisuorassa mainittuihin paapintoihin nahden.

3. Patenttivaatimuksen 1 mukainen elementti, jossa heijastinpinta (43A-C) on kallistettu

suhteessa mainittujen paapintojen normaalin suuntaan, tyypillisesti enintaan 25 astetta.

4. Patenttivaatimuksen 1 mukainen elementti, jossa heijastinpinta (43A-C) on kaareva

mainittuihin paapintoinin nédhden kohtisuorassa tasossa tarkasteltuna.

5. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa

— aalto-ohjain (10) kasittaa vahintaan yhden ulkoreunapinnan, joka suuntautuu
mainittujen paapintojen valiin,

— joka heljastinpinta sijaitsee mainitulla ulkoreunapinnalla.

6. Jonkin patenttivaatimuksen 1-4 mukainen elementti, jossa

— aalto-ohjain (10) kasittaa vanintaan yhden ulkoreunapinnan, joka suuntautuu

mainittujen paapintojen valissa,
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— Joka heijastinpinta (43A-C) sijaitsee aalto-ohjaimessa (10) etaisyyden paassa

mainitusta ulkoreunapinnasta.

/. Patenttivaatimuksen 6 mukainen elementti, jossa

— aalto-ohjain (10) kasittaa vahintaan yhden tyhjan alueen, jolla on sisareunapinta,
joka suuntautuu mainittujen paapintojen valiin,
— joka heijastinpinta (43A-C) sijaitsee mainitussa sisareunapinnassa etaisyyden

paassa mainitusta ulkoreunapinnasta.

8. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa heijastinpinta

(43A-C) kasittaa hilan, joka kykenee mainittujen valonsateiden heijastavaan diffraktioon.

9. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa heijastinpinta

(43A-C) kasittaa heiljastavan pinnoitteen, kuten metallipinnoitteen.

10. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa heijastinpinta
(43A-C) kasittaa ohutkalvopinon.

11. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa ensimmainen ja

toinen diffraktiivinen optinen elementti kasittavat hila-alueita.

12. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa

— ensimmainen optinen elementti kasittaa lahtéaukon laajentimen hila-alueen, ja

— toinen optinen elementti kasittaa uloskytkentahila-alueen.

13. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa

- ensimmainen optinen elementti kasittaa sisaankytkentahila-alueen, ja

— toinen optinen elementti kasittaa uloskytkentahila-alueen.

14. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa

— ensimmainen optinen elementti kasittaa valonlahde-elementin (41), joka on
integroitu aalto-ohjaimeen (10}, ja
— toinen optinen elementti kasittaa nayttGpaneelin (42), joka on integroitu aalto-

ohjaimeen (10).

15. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa
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— ensimmainen optinen elementti kasittaa kiinnitetyn tai integroidun

kuvalahdekomponentin, ja

— {oinen optinen elementti kasittaa diffraktiivisen hila-alueen, kuten lahtéaukon

laajenninhila-alueen tai uloskytkentahila-alueen.

16. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa vahintaan toinen
ensimmaisesta ja {oisesta optlisesta elementista on heijastava pinta, erityisestl

heijastinpinta, johon on viitattu jossakin edella olevassa patentlivaatimuksessa.

17. Jonkin edella olevan patenttivaatimuksen mukainen elementti, jossa
heijastinpinta(43A-C) on sovitettu toteuttamaan nakodkentan optinen kompressointi- tai
dekompressointitoiminto valonsateiden joukolle, joka edustaa aalto-ohjaimeen kytkettya

Kuvaa.

18. Henkilokohtainen lapinakyva nayttblaite, kuten paahan asennettu nayttolaite tai

fuulilasinaytto, joka kasittaa jonkun edella olevan patenttivaatimuksen mukaisen aalto-

ohjainnayttéelementin.
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