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Keksintö koskee projektio-objektiivia ja aaltojohdinnäyttöä. Objektiivi 
on mukautettu heijastamaan kuvan ensimmäiseltä tasolta (20A-E) 
toiselle tasolle (10A-E) ja käsittää järjestyksessä toiselta tasolta 
(10A-E) ensimmäisen optisen elementtiryhmän (G1), jolla on 
positiivinen efektiivinen polttoväli, toisen optisen elementtiryhmän 
(G2) sijoitettuna ensimmäisen tason (20A-E) ja ensimmäisen 
optisen elementtiryhmän (G1) väliin ja jolla on negatiivinen 
efektiivinen polttoväli, kolmannen optisen elementtiryhmän (G3) 
sijoitettuna ensimmäisen tason (20A-E) ja toisen optisen 
elementtiryhmän (G2) väliin ja jolla on positiivinen efektiivinen 
polttoväli. Järjestyksessä toiselta tasolta (10A-E), toisen optisen 
elementtiryhmän (G2) ensimmäinen taittopinta on kovera kohti 
toista tasoa (10A-E) ja kolmannen optisen elementtiryhmän (G3) 
toinen taittopinta on kupera kohti ensimmäistä tasoa (20A-E). 
Objektiivi sopii hyvin kuvien projisoimiseksi diffraktoiville optisille 
näytöille.

The invention concerns a projection objective and a waveguide 
display. The objective is adapted to project an image from a first 
plane (20A-E) to a second plane (10A-E) and comprises in order 
from the second plane (10A-E) a first optical element group (G1) 
having a positive effective focal length, a second optical element 
group (G2) placed between the first plane (20A-E) and the first 
optical element group (G1) and having a negative effective focal 
length, and a third optical element group (G3) placed between the 
first plane (20A-E) and the second optical element group (G2) and 
having a positive effective focal length. Counting from the second 
plane (10A-E), the first refractive surface of the second optical 
element group (G2) is concave towards the second plane (10A-E) 
and the second refractive surface of the third optical element group 
(G3) is convex towards the first plane (20A-E). The objective suits 
well for projecting images to diffractive optical displays.
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Projection objective and waveguide display device

Field of the Invention

The invention relates to projection objectives. In particular, the invention relates to a 

telecentric projection objective for augmented reality (AR) applications and the like.

5 Background of the Invention

Recent interest in augmented reality applications and augmented reality systems has 

increased the number of different optical methods in achieving the overlap between 

projected image and the real background.

A specific type of display used in AR systems is a waveguide type display, where light is 

10 coupled in to a piece of glass or polymer in an in-coupling region and the light propagates 

therein within the total internal reflection limit angle until it is coupled out from the light 

guide at an out-coupling region. Ray splitting at the out-coupling region can effectively 

expand the eye box of the system at the cost of brightness.

Waveguide type displays can principally be split to two different groups. In the first group 

15 the projection objective exit pupil is expanded along one dimension only in the waveguide.

In the second group the projector exit pupil is expanded along two dimensions in the 

waveguide. The present invention relates in particular to the second group in which the 

requirements for the incoming light are stricter and which is therefore optically more 

challenging. For example, the exit pupil of the projector must be of certain diameter and 

20 close to the in-coupling grating of the waveguide, the projected beam of light must be 

highly collimated and telecentric.

Exit pupil expansion in the waveguide can be achieved in several ways, diffractive 

elements and partially reflective surfaces being the most common.

In practice, it is desirable in augmented reality applications that the total volume of the 

25 projection system is as small as possible. In general, many small-volume objective systems 
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are known from the field of mobile phone camera technology. For example, US patents 

7453654, 7502181, 7826151, 7965455, 8035723 and 8953262 describe fixed focal length 

mobile phone camera objectives where the aperture stop is located between the object and 

second lens element, typically residing just in front of the first lens element to minimize

5 the objective size. The compactness of these objectives requires the second lens element to 

be a negative lens element. In addition, telecentricity of these objectives is typically not 

very high. The mobile phone camera solutions are not as such applicable to the projection 

part of waveguide type displays and are in particular not capable of being used for 

expanding projector exit pupil along two dimensions in combination with diffractive

10 gratings.

Document US 2004/085649 Al discloses a light guide for display device of the head­

mounted or head-up type. The device comprises a body of the light guide at least in part 

transparent to visible light. The device further comprises a coupling device associated to 

the body of the light guide and designed to couple the body to an optical system designed 

15 to generate an image, the coupling device being obtained in such a way that the light 

beams coming from the optical system enter the body of the light guide and propagate 

within the body by total internal reflection. The device furthermore comprises an image­

extraction grating, designed to extract the light beams that propagate in the body of the 

light guide so as to enable an observer to visualize the extracted image against a

20 background visible in transparency through the body of the light guide.

Document US 2016/327852 Al describes a display apparatus including an optical image 

projection system, first optical propagation system, and second optical propagation system. 

The optical image projection system projects image light to infinity. The first optical 

propagation system propagates the image light projected from the optical image projection 

25 system in the x-direction. The first optical propagation system deflects a portion of the 

image light. The second optical propagation system includes a second input deflector that 

deflects the image light deflected by the first output deflector. The second optical 

propagation system propagates the image light deflected by the second input deflector in 

the y-direction and deflects a portion of the image light. The light beam width in the y- 

30 direction of the image light emitted from the optical image projection system and the
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length in the y-direction of the first light guide are greater than the length in the y-direction 

of the second input deflector.

Document US 2013/070344 Al teaches that in fabrication of a light guiding unit, a half 

mirror layer as a reflection film for folding light is covered by a light transmission main 

5 body part as a coating member, i.e., a light transmission member, and a hard coating layer 

is deposited thereon. Therefore, even when the surfaces of a light guide main body part and 

the light transmission main body part forming the light guiding unit are cleansed as pre­

processing of the deposition of the hard coating layer, the situations such that the half 

mirror layer is separated thereby may be avoided and optical properties of the half mirror 

10 layer may not be lost

Document WO 2009/077774 Al teaches a projection display including first and second 

waveguide elements, wherein the first waveguide element has a two input regions for 

injecting image bearing light into the first waveguide element. In this manner, the total 

field of view of the image to be displayed at the second waveguide element is divided into 

15 two sub-images prior to injection of one sub-image into one input region and the other sub­

image into the other input region of the first waveguide element.

Document CN 104614857 A discloses a large-exit pupil holographic wave-guide glasses 

system. The large-exit pupil holographic wave-guide glasses system comprises a micro­

display part, a collimating lens part and a holographic wave-guide grating part. The micro- 

20 display part is a micro-display, the collimating lens part is a collimating lens group, the 

collimating lens group is composed of a plurality of lenses, and the holographic wave­

guide grating part is composed of a coupling input grating and a coupling output grating.

Document RU 162200 U1 describes an optical design of a holographic indicator of 

symbolic information, comprising an OLED display sequentially installed on the optical 

25 axis as a radiation source of the symbolic information, a collimating lens, a light guide 

plate, a Bragg reflection diffraction grating for introducing radiation of the symbolic 

information into the specified plate for subsequent distribution inside the plate under the 

action of full internal reflection and a two-component combined diffractive optical 

element.

30
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Document WO 2016/179246 Al teaches an imaging system including a light source 

configured to produce a plurality of spatially separated light beams. The system also 

includes an injection optical system configured to modify the plurality of beams, such that 

respective pupils formed by beams of the plurality exiting from the injection optical system 

5 are spatially separated from each other. The system further includes a light-guiding optical 

element having an in-coupling grating configured to admit a first beam of the plurality into 

the light-guiding optical element while excluding a second beam of the plurality from the 

light-guiding optical element, such that the first beam propagates by substantially total 

internal reflection through the light-guiding optical element.

10 Document US 2007/153395 Al discloses an optical system for image projection, 

particularly for projection devices of the "head-mounted" type, including a display, an 

optical system for focusing an image formed by the display, and a light guide having an 

extended body, with two opposite, longitudinal, plane and parallel faces, and opposite ends 

which define first reflecting surface for coupling into the light guide and second reflecting

15 surface for extracting the image from the light guide.

Document US 2007/188837 Al teaches that a first HOE and a second HOE are 

respectively arranged on two opposite faces of an optical waveguide member. The first 

HOE diffracts light incident from the outside on the optical waveguide member such that 

the light is then totally reflected inside the optical waveguide member and is thereby 

20 directed to the second HOE. The second HOE diffracts, according to the diffraction

efficiency thereof, part of the light incident thereon after being guided inside the optical 

waveguide member such that this part of the light is then emitted to the outside 

substantially parallel to the light incident on the optical waveguide member, and the second 

HOE simultaneously totally reflects the rest of the light incident thereon. The second HOE 

25 repeats such emission and total reflection. The first and second HOEs each have

interference fringes with n different pitches (where n is a natural number equal to or 

greater than two) to diffract light of n different wavelengths at substantially equal angles.

Document JP 2007240924 A describes a head mount type video display apparatus 

including a display part for displaying an image.

30 Thus, there is a need for improved projector objectives for waveguide displays.
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Summary of the Invention

It is an aim of the invention to solve at least some of the abovementioned problems and to 

provide a novel projection objective that can be used to couple light in to a waveguide 

which effectively expands the projector exit pupil along two dimensions.

5 A particular aim is to provide a projection objective that produces a collimated and 

telecentric enough beam for waveguide-based displays having a diffractive in-coupling 

grating. A further aim is to provide an objective, whose exit pupil can be brought close 

enough to the grating.

An aim is also to provide a projection objective, whose optics can be fitted in a small

10 space.

The invention is based on providing a projection objective with a positive-negative- 

positive lens grouping with specific refractive surface configuration that allows for high 

telecentricity of the objective and collimation of light.

In more detail, the present projection objective is adapted to project an image from a first

15 plane to a second plane, the objective comprising in order from the second plane a first 

optical element group having a positive effective focal length, a second optical element 

group placed between the first plane and the first optical element group and having a 

negative effective focal length, and a third optical element group placed between the first 

plane and the second optical element group and having a positive effective focal length.

20 Each group comprises at least two refractive surfaces, typically in the form of lens 

surfaces. Counting refractive surfaces of the groups from the direction of the second plane, 

the first refractive surface of the second optical element group is concave towards the 

second plane and the second refractive surface of the third optical element group is convex 

towards the first plane.

25 It should be noted that although the optical element groups and surfaces are herein listed 

from the direction of the second plane towards the first plane, in projection applications 

herein discussed the light travels from the first plane towards the second plane.

The present waveguide display device comprises an optical waveguide having an in­

coupling grating arranged thereto so as to diffract light hitting the in-coupling grating to 
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the waveguide, and a projection objective of the present kind arranged to project an image 

from an image source to the in-coupling grating.

The in-coupling grating can be arranged at the second plane, which can also be the plane of 

the aperture stop of the projection objective. The projector is adapted to present the image

5 to be projected on the first plane of the objective.

In particular, the projection objective has a projection exit pupil determined by its aperture 

stop (that is, there are no further imaging optics behind the aperture stop). The waveguide 

of the waveguide display may comprise means, in particular diffractive grating means, for 

expanding the projection exit pupil along two dimensions.

10 In particular, the invention is characterized by what is stated in the independent claims.

The invention offers significant benefits.

First, by means of the invention, it is possible to achieve a very compact projection 

objective capable of producing a collimated beam of projected light such that the exit pupil 

of the projection objective is close to the in-coupling grating of the waveguide.

15 In addition, the present optical configuration allows for manufacturing a telecentric or 

nearly projection objective, meaning that the maximum field of view chief ray arrives to 

the display nearly perpendicular. This has a remarkable positive effect on light engine 

efficiency.

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

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

with reference to the attached drawings.

Brief Description of Drawings

Figs. 1A - IE show in cross-sectional views different embodiments of optics of the present 

objective.

25 Fig. 2 illustrates the optical setup between the third optical element group and the first 

plane.
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Description of Embodiments

In the following discussion, various embodiments of the invention are introduced that 

allow keeping the objective size small, incorporating sufficient back focal length to the 

design and enforcing the telecentricity condition on the edge field rays.

5 Relative referrals, such as “before”, “after”, “first” and “last”, unless otherwise apparent, 

are herein made with reference to the travel direction of light from the first plane 

(projector) towards the second plane (waveguide display). Optical element groups, optical 

elements therein and refractive surfaces are, however, numbered in the opposite order from 

the second plane towards the first plane.

10 In embodiments of the present invention, the objective is divided into three groups, which 

may contain one or more optical elements, in particular lenses. The elements may or may 

not be aspherical. In Figs. 1A - IE, the three groups are denoted with Gl, G2 and G3, 

starting from the second plane. The second plane is denoted with reference numerals 10A - 

10E and the first plane with 20A - 20E, respectively. The projector display (the object to

15 be projected), such as an liquid crystal on silicon (LCOS) or digital light processing (DLP) 

display, is positioned at the first plane 20A - 20E. A protective glass of the projector 

display is denoted with numerals 19A - 19E. The in-coupling grating of the waveguide 

display is typically positioned at the second plane 10A - 10E. From the in-coupling 

grating, light is coupled to a waveguide, in which it propagates via total internal

20 reflections.

Generally speaking, the aperture stop of the objective is located at the second plane or 

between the second plane and the second optical element group G2, typically at the second 

plane or between the second plane and the first optical element group Gl. In the illustrated 

examples, the plane of the aperture stop coincides with the second plane, where the in-

25 coupling grating is positioned. In particular, the aperture stop resides after the lens 

elements of the first group Gl, since this allows the use of a simple the in-coupling grating 

design.

The first element group Gl, like the second and third groups G2, G3, may comprise a 

single lens element or two more lens elements together providing the required effective 
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focal length for the group. Two or more elements may be attached to each other without air 

gap between the lenses in order to form a doublet or triplet, for example.

In the embodiments of Fig. 1 A, 1C and ID, there is provided in the first group G1 a 

biconvex lens 11 A, 11C, 1 ID. In the embodiment of Fig. IB, the first group comprises a

5 planoconvex lens 1 IB. In alternative embodiments, illustrated in Fig. IE, instead of a 

biconvex or planoconvex lens, the first group Gl, comprises or consists of a positive 

meniscus lens or lens doublet 1 IE.

There may be provided additional elements (not shown) in the first group Gl, such as a 

prism. The additional elements may be on either or both sides of the lens or lens group 11A 

10 - 1 IE, for example between the aperture stop at the second plane 10A - 10E and the lens.

In the embodiment of Fig. IE, a prism schematically illustrated by a thick glass plate 12E, 

in positioned between the lens 1 IE and the second group G2..In some embodiments, there 

are no such additional elements, whereby the lens or lens group 11A - 1 IE is the only 

element of group Gl, and also the last element of the projection objective before the

15 waveguide at the aperture stop.

The second group G2 contains negative refractive power lens element 14A - 14E or a 

plurality of element together providing negative effective focal length. This group provides 

for the fastest expansion of the light rays, which together with the third positive group G3 

satisfies the telecentricity requirement by intercepting the field chief rays approximately at 

20 the required image height. Thus, the negative lens spreads the beam of light within a short 

distance such that the chief ray is guided far from the optical axis and the positive group 

then refracts the beam so that it hits the in-coupling grating of the display element 

substantially at normal angle.

The first refractive surface of the second group G2 having a negative refractive power 

25 provides for greatest telecentric expansion in the shortest distance possible. It is also 

preferred that the second group G2 has an effective focal length that is shorter than the 

total focal length of the projection objective. Thus, the second optical element group G2 

significantly contributes to the compactness of the projection objective. It should be noted 

that in the case of e.g. mobile phone camera lenses, there is no strict telecentricity 

30 requirement, whereby also the negative optical elements thereof have different kind of 
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design, typically with the image side surface, instead of the object side surface, of the lens 

element having the greatest negative refractive power.

In the embodiments of Fig. 1A and Fig. IB, the second group G2 consists of a biconcave 

lens 14A, 14B. In the embodiments of Fig. 1C and ID, the lens in this group G2 is a

5 negative meniscus lens 14C, 14D. In the embodiment of Fig. IE, the second group G2 

consists of a doublet lens, herein more specifically a negative meniscus lens 14E and 

biconcave lens 15E doublet.

The third group G3 contains the remainder of necessary lens elements, together having a 

positive effective focal length, between the second group and a following prism or beam 

10 splitter assembly 18A - 18E. Positive focal length allows for focusing the light rays once 

the divergence has been increased by the second group G2.

In some embodiments, the third group G3 comprises two or more lens elements, the first of 

which has two refractive surfaces, of which the second is convex towards the first plane 

and at least one of the other lens elements is a positive lens element, for example a

15 planoconvex lens element or an aspherical lens element.

In the embodiments of Figs. 1A and IE, the third group G3 consists of one positive 

biconvex element 16A only. In the embodiment of Fig. IB, there are provided two positive 

elements, i.e., a positive meniscus lens 15B and a biconvex lens 16B. In the embodiment of 

Figs. 1C and ID, there are provided a positive meniscus lens 15C; 15D followed by a lens 

20 pair 16C, 17C; 16D, 17D. This lens pair can be designed such that the first lens 16C; 17C

has a higher refractive power. In particular, the third optical element group may comprise 

two or more lens elements, the first of which 16C; 17C has a refractive surface that is 

convex towards the first plane 20C, 20D. The second lens element 16D; 17D of the lens 

pair may have refractive surface that is convex towards the second plane 10C, 10D. One or 

25 both of lenses 16C, 17C; 16D, 17D can be an aspherical lens. This allows for correcting

the wavefront for improving image quality (resolving power of the objective).

The arrangements of Figs. 1C and ID differ in that the size of the projection display is 

different. Fig. 1C represents a 50 degree system and Fig. ID a 60 degree system.
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Before the third optical element group G3, there may be provided, as element 18A - 18E, a 

prism that expands the optical path of rays. A prism can be used in particular in the case of 

a DLP display. Due to the prism, the first plane 20A - 20E can be at a right angle with 

respect to the optical axis of the element groups G1 - G3. The prism is preferably the first

5 element of the objective, whereby the distance between the prism and the projector display 

can be kept as short as possible.

In some embodiments, in particular those with an LCOS display, the element 18A - 18E is 

a polarizing beam splitter, such as a beam splitter plate or cube.

The relatively large prism, beam splitter cube or a beam splitter mirror 18A - 18E of the

10 projection objective, typically covering the whole image area, is accommodated within the 

back focal length of the projection objective. This increases the back focal length 

requirement of the projection objective significantly from e.g. known mobile phone camera 

systems, which are optically not compatible with such arrangement.

In a preferred embodiment of the invention the following conditions are satisfied:

15 · The aperture stop is located after the second group G2, typically after the first

group Gl, in particular at the second plane, where the in-coupling grating of the 

waveguide display is positioned.

• The first group Gl has a positive effective focal length with the first refractive 

surface in this group being convex or concave towards the second plane (that is,

20 towards the in-coupling grating of the waveguide display).

• The second group G2 has a negative effective focal length with the first refractive 

surface in this group being concave towards the second plane.

• The third group G3 has a positive effective focal length with the second refractive 

surface in this group being convex towards the first plane (that is, towards the

25 projector display).

In further embodiments of the invention one or more of the following conditions are 

satisfied:

• The effective focal length f2 of the second group G2 and the total effective focal

30 length f of the objective satisfy: |f2/f| < 0.7
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This allows for increasing the telecentricity of the objective and simultaneously 

keeping the objective small.

• The effective focal lengths of the second group G2 and the third group G3 satisfy: 

0.3 < |f2/f3| < 1.5

5 This allows for focusing of the diverging beam coming from group G2 by group

G3, while maintaining high telecentricity and useful size of the objective.

• The back focal length (BFL), herein defined as the distance between the third group 

G3 and the first plane, and the total effective focal length f of the objective satisfy 

0.4 < BFL/f < 1.5

10 This ensures that the one can fit typically necessary additional elements, such as a

beam splitter cube or prism, within the back focal length range. This increases the 

versatility of the objective to be used for example with liquid crystal on silicon 

(LCOS) projector displays, digital light processing (DLP) projector displays and 

organic LED (OLED) projector displays.

15 · Image diagonal radius Rjmg and edge field marginal ray height exiting from the

third group MrhG3 satisfy: Rimg - BFL * 0,44 < MrhG3 < Rimg + BFL * 0,44 

This restricts the half opening angle of the first lens of the system to a range that is 

usable with DLP displays, for example, and allows for high efficiency and contrast. 

Fig. 2 illustrates the variables used herein (without an optional prism shown).

20 In some specific embodiments, the two last conditions are simultaneously satisfied. This 

ensures a sufficiently small but telecentric objective and a sufficiently collimated beam. In 

a further embodiment, all four conditions are simultaneously satisfied.

The present projection objective is particularly suitable to be used in personal 

microdisplays, such as near-to-eye displays (NEDs) or other head mounted displays

25 (HMDs). In particular, the objective suits for augmented reality (AR) NEDs or HMDs, in 

which diffractive waveguides are used for image formation and the projector and its optics 

must be fitted in a very small space. In some embodiments, the present objective is 

assembled in an eye-glass format display device, in particular a temple thereof, and 

optically coupled with an image formation device and an the waveguide of the display.

30 Generally, in AR applications, the waveguide comprises a transparent light guide 
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comprising, in addition to the in-coupling grating, an out-coupling grating and allowing the 

user to simultaneously see through the display and view the projected image.
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Claims

1. A projection objective for projecting an image from a first plane (20A-E) to an in­

coupling grating of a waveguide element on a second plane (10A-E), the objective 

comprising in order from the second plane (10A-E)

5 - a first optical element group (Gl) having a positive effective focal length,

- a second optical element group (G2) placed between the first plane and the first 

optical element group (Gl) and having a negative effective focal length f2,

- a third optical element group (G3) placed between the first plane and the second 

optical element group (G2) and having a positive effective focal length Ö,

10 wherein said optical element groups (Gl, G2, G3) have refractive surfaces such that in 

order from the second plane

- the first refractive surface of the second optical element group (G2) is concave 

towards the second plane (10A-E), and

- the second refractive surface of the third optical element group (G3) is convex

15 towards the first plane (20A-E),

characterized in that said effective focal lengths of the second group (G2) and the third 

group (G3) satisfy the condition 0.3 < |f2/f3| < 1.5 so as to provide a telecentric projection 

objective comprising an aperture stop, which is located at the second plane (10A-E) or 

between the second plane (10A-E) and the first optical element group (Gl).

20 2. The objective according to claim 1, characterized in that the first refractive surface of

the first optical element group (Gl) is convex towards the second plane (10A-E).

3. The objective according to any of the preceding claims, characterized in that the first 

refractive surface of the first optical element group (Gl) is concave towards the second 

plane (10A-E).

25 4. The objective according to any of the preceding claims, characterized in that the second

optical element group (G2) comprises or consists of a negative lens doublet, such as a 

negative meniscus - biconvex lens doublet.
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5. The objective according to any of the preceding claims, characterized by comprising a 

prism or beam splitter (18A-E) between the third optical element group (G3) and the first 

plane (20A-E), preferably as the first element of the objective.

6. The objective according to any of the preceding claims, characterized in that the

5 effective focal length of the second optical element group (f?) (G2) is less than the 

effective total focal length of the objective (f), the absolute ratio of the focal lengths being 

preferably less than 0.7.

7. The objective according to any of the preceding claims, characterized in that the ratio 

of the back focal length of the objective (BFL) between the third optical element group

10 (G3) and the first plane (20A-E), measured in air, to the effective total focal length of the

objective (f) is between 0.4 and 1.5.

8. The objective according to any of the preceding claims, characterized in that the 

objective is adapted to collect an image radius of Rimg from the first plane, the edge field 

marginal ray height from the third optical element group (MrhG3) satisfying the condition of

15 Rimg - BFL * 0.44 < MrhG3 < Rimg + BFL * 0.44,

wherein BFL is the back focal length (BFL) between the third optical element group (G3) 

and the first plane (20A-E), measured in air.

9. The objective according to any of the preceding claims, characterized in that the third 

optical element group (G3) comprises two or more lens elements, the first of which having

20 said second refractive surface that is convex towards the first plane and at least one of the 

other lens elements is a positive lens element.

10. A waveguide display device comprising

- an optical waveguide,

- an in-coupling grating arranged at the waveguide so as to diffract light hitting the

25 in-coupling grating to the waveguide,

- a projection objective arranged to project an image from an image source to the in­

coupling grating,
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characterized in that the projection objective is an objective according to any of the 

preceding claims and the optical waveguide comprises diffractive means for expanding the 

projection exit pupil along two dimensions.

11. The waveguide display device according to claim 10, characterized in that the in-

5 coupling grating is arranged at the second plane (10A-E) of the projection objective.

12. The waveguide display device according to any of claims 10-11, characterized by 

further comprising a means for presenting an image on the first plane (20A-E) of the 

projection objective.

13. The waveguide display device according to any of claims 10 - 12, characterized in

10 that the waveguide further comprises an out-coupling grating optically connected with the 

in-coupling grating for displaying the projected image.

14. The waveguide display device according to any of claims 10 - 13, characterized by 

being a wearable personal display device, in particular a head-mounted display (HMD) 

device, such as a near-to-eye display (NED) device.
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PATENTTIVAATIMUKSET

1. Projektio-objektiivi kuvan projisoimiseksi ensimmäiseltä tasolta (20A-E) 

aaltojohdinelementin sisäänkytkentähilalle toisella tasolla (10A-E), joka objektiivi 

käsittää järjestyksessä toiselta tasolta (10A-E)

5 - ensimmäisen optisen elementtiryhmän (Gl), jolla on positiivinen efektiivinen

polttoväli,

- toisen optisen elementtiryhmän (G2) sijoitettuna ensimmäisen tason ja

ensimmäisen optisen elementtiryhmän (Gl) väliin ja jolla on negatiivinen 

efektiivinen polttoväli,

10 - kolmannen optisen elementtiryhmän (G3) sijoitettuna ensimmäisen tason ja

toisen optisen elementtiryhmän (G2) väliin ja jolla on positiivinen 

efektiivinen polttoväli,

jossa mainituilla optisilla elementtiryhmillä (Gl, G2, G3) on taittopinnat niin, että 

jäijestyksessä toiselta tasolta

15 - toisen optisen elementtiryhmän (G2) ensimmäinen taittopinta on kovera kohti

toista tasoa (10A-E), ja

- kolmannen optisen elementtiryhmän (G3) toinen taittopinta on kupera kohti

ensimmäistä tasoa (20A-E),

tunnettu siitä, että toisen (G2) ja kolmannen (G3) ryhmän effektiiviset polttovälit

20 täyttävät ehdon 0.3 < |f2/f3| < 1.5 telesentrisen projektio-objektiivin

muodostamiseksi, joka objektiivi käsittää apertuurin rajoittimen, joka sijaitsee 

toisella tasolla (10A-E) tai toisen tason (10A-E) ja ensimmäisen optisen 

elementtiryhmän (Gl) välissä.

25 2. Patenttivaatimuksen 1 mukainen objektiivi, tunnettu siitä, että ensimmäisen

optisen elementtiryhmän (Gl) ensimmäinen taittopinta on kupera kohti toista tasoa 

(10A-E).

3. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että 

ensimmäisen optisen elementtiryhmän (Gl) ensimmäinen taittopinta on kovera 

30 kohti toista tasoa (10A-E).
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4. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että 

toinen optinen elementtiryhmä (G2) käsittää tai koostuu negatiivisesta 

linssidubletista, kuten negatiivisesta meniski-kaksoiskupera linssidubletista.

5. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että

5 objektiivi käsittää prisman tai säteenjakajan (18A-E) kolmannen optisen

elementtiryhmän (G3) ja ensimmäisen tason (20A-E) välissä, edullisesti objektiivin 

ensimmäisenä elementtinä.

6. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että 

toisen optisen elementtiryhmän efektiivinen polttoväli (G2) (f2) on pienempi kuin

10 objektiivin efektiivinen kokonaispolttoväli (f), polttovälien absoluuttisen suhteen

ollessa edullisesti pienempi kuin 0,7.

7. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että 

kolmannen optisen elementtiryhmän (G3) ja ensimmäisen tason (20A-E) välisen 

objektiivin takapolttovälin (back focal length, BFL) suhde, ilmassa mitattuna,

15 objektiivin efektiiviseen kokonaispolttoväliin (f) on välillä 0,4 ja 1,5.

8. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että 

objektiivi on mukautettu keräämään kuvahalkaisijan Rimp ensimmäiseltä tasolta, 

reunakentän marginaalisen säteen korkeuden kolmannelta optiselta 

elementtiryhmältä (MrhG3) täyttäen ehdon

20 Rimg - BFL * 0,44 < MrhG3 < Rimg + BFL * 0,44,

jossa BFL on takapolttoväli (back focal length, BFL) kolmannen optisen 

elementtiryhmän (G3) ja ensimmäisen tason (20A-E) välissä, ilmassa mitattuna.

9. Jonkin edellisen patenttivaatimuksen mukainen objektiivi, tunnettu siitä, että 

kolmas optinen elementtiryhmä (G3) käsittää kaksi tai useampia linssi elementtejä,

25 joista ensimmäisellä on mainittu toinen taittopinta, joka on kupera kohti

ensimmäistä tasoa ja ainakin yksi muista linssielementeistä on positiivinen 

linssielementti.

10. Aaltojohdinnäyttölaite käsittää

- optisen aaltojohtimen,
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- sisäänkytkentähilan järjestettynä aaltojohtimeen siten, että

sisäänkytkentähilaan osuva valo diffraktoituu aaltojohtimeen,

- projektio-objektiivin järjestettynä projisoimaan kuvan kuvalähteestä

sisäänkytkentähilaan,

5 tunnettu siitä, että projektio-objektiivi on jonkin edellisen patenttivaatimuksen

mukainen objektiivi ja optinen aaltojohdin käsittää diffraktoivat välineet 

projektioulostulopupillin laajentamiseksi kahta dimensiota pitkin.

11. Patenttivaatimuksen 10 mukainen aaltojohdinnäyttölaite, tunnettu siitä, että 

sisäänkytkentähila on järjestetty projektio-objektiivin toiselle tasolle (10A-E).

10 12. Jonkin patenttivaatimuksen 10-11 mukainen aaltojohdinnäyttölaite, tunnettu siitä,

että aaltojohdinnäyttölaite lisäksi käsittää välineet kuvan esittämiseksi projektio- 

objektiivin ensimmäisellä tasolla (20A-E).

13. Jonkin patenttivaatimuksen 10-12 mukainen aaltojohdinnäyttölaite, tunnettu siitä, 

että aaltojohdin lisäksi käsittää uloskytkentähilan optisesti yhdistettynä

15 sisäänkytkentähilaan projisoidun kuvan esittämiseksi.

14. Jonkin patenttivaatimuksen 10-13 mukainen aaltojohdinnäyttölaite, tunnettu siitä, 

että on puettava henkilökohtainen näyttölaite, erityisesti päähän asetettu näyttölaite 

(head-mounted display, HMD), kuten lähellä silmää oleva (near-to-eye, NED) 

näyttölaite.
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