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A PROJECTION DISPLAY WITH TWO PLATE-LIKE, CO-PLANAR WAVEGUIDES INCLUDING

GRATINGS

This invention relates to a projection display for displaying an image to a

viewer which is particularly, but not exclusively, suitable for use in a head up

display, a helmet mounted display or a head mounted display.

Traditionally head up displays, which may be used in an aircraft, as

shown in Figure 1 of the accompanying drawings, use a convention spherical

lens system 1 to generate a collimated display from an image provider such as

a cathode ray tube 2. The light rays emanating from the spherical lens system

1 are reflected by a conventional fold mirror 3 through a spherical exit lens

system 4 and from there passed to a combiner 5 from which the image is

reflected to provide a collimated display to the viewer 6 such as a pilot of an

aircraft. Thus with these conventional displays the collimating optics used, that

is the spherical lens system 1 and spherical exit lens system 4 , are

unnecessarily large and bulky, which is undesirable. For example, a thirty

degree field of view to be displayed to the viewer 6 may require a six inch

diameter exit lens system 4 . This means that the physical size of the

conventional head up display as shown in Figure 1, which includes the

combiner 5 for overlaying the projected display to be viewed by a viewer 6

looking through the combiner 5, may limit the use of such a head up display in a

cockpit area with insufficient space to accommodate such a head up display.

There is thus a need for a projection display which is smaller in size than

conventional in order to fit into smaller spaces and thus be more suitable for

restricted space environments such as an aircraft cockpit, in a helmet mounted

display or a head mounted display.

According to a first aspect of the present invention there is provided a

projection display, for displaying an image to a viewer, including a first plate-like

waveguide made of light transmissive material, an image-providing light source

device arranged to inject image bearing light into the first plate-like waveguide,

a transmission grating on or within the first plate-like waveguide arranged to



direct said image bearing light internally along the first plate-like waveguide and

through which the image bearing light is outputted from the first plate-like

waveguide, and a second plate-like waveguide made of light transmissive and

transparent material located substantially co-planar with the first plate-like

waveguide, which second plate-like waveguide includes a coupling grating

arranged to receive the image bearing light from the first plate-like waveguide,

which second plate-like waveguide further includes an exit grating arranged to

diffract received image bearing light out of the second plate-like waveguide.

Preferably, the image bearing light exiting the second plate-like waveguide is

directed towards a viewer.

The projection display may also include an input means coupled to or

within the first plate-like waveguide arranged to direct said image bearing light

on to the transmission grating of the first plate-like waveguide.

Advantageously, the light transmissive material from which the first plate-

like waveguide or the light transmissive and transparent material from which

second plate-like waveguide may be made of glass or plastics.

In this manner, a viewer is able to look through at least part of the

material of the second plate-like waveguide and the material will also be

capable of transmission of image bearing light received from the first plate-like

waveguide. It will also be understood, that the user may or may not be able to

see through the material of the first plate-like waveguide depending on the

configuration of the projector display and its location.

Preferably, the image providing light source device may include an image

generating light source.

Conveniently, the projection display may include an optical means,

located between the image generating light source and the first plate-like

waveguide, operable to collimate light received from the image generating light

source and to inject the collimated image bearing light into the first plate-like

waveguide.

Advantageously, the transmission grating may be such that incident

inputted image bearing light is diffracted therefrom with the incidence angle of



the diffracted light at internal surfaces of the first plate-like waveguide being

greater than the critical angle for the material from which the first plate-like

waveguide is made. In this manner, the diffracted light propagates internally

within the first plate-like waveguide and is reflected at said internal surfaces of

the first plate-like waveguide.

The transmission grating may be a low efficiency grating.

Preferably, the coupling grating may be such that incident image bearing

light is diffracted therefrom with the incidence angle of the diffracted light at

internal surfaces of the second plate-like waveguide being greater than the

critical angle for the material from which the second plate-like waveguide is

made.

Conveniently, the diffraction power of the coupling grating may be rotated

through 90° with respect to the diffractive power of the transmission grating.

Preferably, the second plate-like waveguide may include a narrow band

selective reflection coating provided on a surface of the second plate-like

waveguide parallely spaced from the exit grating, which reflective coating is

arranged to reflect light diffracted from the exit grating back to the exit grating.

Thereby increasing display efficiency.

Advantageously, the first plate-like waveguide and/or the second plate-

like waveguide may be curved.

The input means may be arranged to inject image bearing light via

reflective or transmissive or refractive means.

The image bearing light may be diffractively inputted into the first plate-

like waveguide and diffractively outputted from the second plate-like waveguide

and the diffractive input and diffractive output powers may be substantially

matched. The diffractive input of the first or second plate-like waveguide and

the diffractive output of the first or second plate-like waveguide may be

substantially matched in two orthogonal axes. In this manner, chromatic

aberrations and/or geometric distortions may be corrected. A half-wave plate

may be located between and substantially co-planar with the first and second
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plate-like waveguides. This may increase the optical efficiency of the projection

display.

The projection display may form part of a Head Up Display, a Helmet

Mounted Display or a Head Mounted Display.

The invention will now be described by way of example only, with

reference to the accompanying drawings, in which:

Figure 1 is a schematic illustration of a prior art conventional projection

display in the form of a head up display.

Figure 2 is a perspective view of the projection display according to one

aspect of the invention;

Figure 3 is a perspective view of a projection display according to an

alternative embodiment of the present invention; and

Figure 4 is a perspective view of a projection display according to

another alternative embodiment of the present invention.

A projection display for displaying an image to a viewer 6 according to

the invention as illustrated in Figures 2, 3 and 4 of the accompanying drawings

in general uses waveguiding techniques to generate a collimated display

subtending a large exit pupil at the point of a viewer 6 and a large field of view

while using a small image-providing light source device. As illustrated, the

projection display of the invention uses a first plate-like waveguide 7 made of

light transmissive material such as glass or plastics and a second plate-like

waveguide 8 made from a light transmissive and light transparent material such

as glass or plastics.

In more detail, a projection display according to one aspect the present

invention, as illustrated in Figure 2, additionally includes an image-providing

light source device located at a first face 9 of the first plate-like waveguide to

inject image bearing light into the first plate-like waveguide 7 through the first

face 9.

The image-providing light source device includes an image generating

light source 10 preferably in the form of a micro-display to provide a display of



information. Additionally the image-providing light source device includes an

optical means 11 located between the image generating light source 10 and the

first face 9 of the first plate-like waveguide 7. The optical means 11 is operable

to collimate light received from the image generating light source 10 and inject

the collimated image bearing light into the first plate-like waveguide 7 through

the first face 9. The optical means 11 preferably is of a small size, typically less

than 25 millimeters in diameter, and is used to collimate the light received from

the image generating light source 10. The collimated light produced by the

optical means 11 has a small exit pupil and is fed into the first plate-like

waveguide 7, which performs the function of stretching the horizontal pupil. The

output from the first plate-like waveguide 7 is fed into the second plate-like

waveguide 8 which stretches the vertical pupil view and also acts as a combiner

for the projection display. In this manner, the display information provided to

the viewer 6 looking through the plate-like waveguide 8 subtends a large exit

pupil and a large field of view whilst using a small optical means 11 and a small

image generating light source 10, such as a micro display. This enables the

projection display of the invention to be very compact in comparison with

conventional displays.

The information to be provided to the viewer 6 is in the form of a display

of information which is generated by the image generating light source 10 that is

illuminated with visible monochromatic laser light. The micro-display forming

the image generating light source 10 may be either reflective or transmissive

such that, in conjunction with the optical means 11, a collimated image of the

display is generated for injection into the first plate-like waveguide 7.

In the embodiment illustrated in Figure 2, the projection display includes

an input means such as an input prism 12 provided on or within the first plate-

like waveguide 7, at the first face 9, and is arranged to transmit the image

bearing light received from the optical means 11 at the hypotenuse face of the

input prism 12 on to a transmission grating 13 arranged internally within the first

plate-like waveguide 7 and substantially co-planar with the first face 9. In effect,

the light impinging on the transmission grating 13 diffracts therefrom such that

the incidence angle of the light of the internal surfaces of the first plate-like



waveguide 7 is greater than the critical angle for the material, such as glass,

from which the first plate-like waveguide 7 is made. Preferably, the spatial

frequency of the transmission grating 13 is such as to constrain the required

angular range beyond the critical angle of the material, such as glass, from

which the first plate-like waveguide 7 is made. This light is constrained within

the first plate-like waveguide 7 to propagate along the first plate-like waveguide

7 reflecting from each internal surface in turn to follow light path L . Thus, the

relative field angles of the light incident on the first plate-like waveguide 7 at the

first face 9 are preserved within the first plate-like waveguide 7 and the

information required to regenerate the original image is preserved.

Light absorption material, not shown, is provided at end 14 of the first

plate-like waveguide 7 to absorb any light reaching the end 14.

The transmission grating 13 also serves to output the image bearing light

from the first plate-like waveguide 7. The transmission grating 13 is a low

efficiency grating which diffracts a small amount of light out of the first plate-like

waveguide 7 on each interaction with the incident light rays. This transmission

grating 13 preferably is only a few percent efficient and light diffracted by the

transmission grating 13 is allowed to escape from the waveguide 7.

The second plate-like waveguide 8 is located with a first face 15 co-

planar with a second face 16 of the first plate-like waveguide 7 and is arranged

to receive the image bearing light exiting the second face 16 of the first plate-

like waveguide 7. The first face 15 of the second plate-like waveguide 8 is

located adjacent and close to, but not touching, the second face 16 of the first

plate-like waveguide 7. The second plate-like waveguide 8 includes a coupling

grating 17 located therein arranged substantially co-planar to the first face 15 of

the second plate-like waveguide 8 and the coupling grating 17 is operable to

diffract each impinging ray of image bearing light received from the transmission

grating 13 of the first plate-like waveguide 7 at an angle which is larger than the

critical angle for the material from which the second plate-like waveguide 8 is

made and therefore received image bearing light will propagate inside the

second plate-like waveguide waveguide 8 to follow light path L2. The image

bearing light continues along light path L2 to an exit grating 18 arranged on or



within the waveguide 8 which is arranged to diffract the received image bearing

light out of the second plate-like waveguide 8 towards a viewer 6.

Preferably, the coupling grating 17 is arranged such that its diffractive

power is rotated through 90° to that of the diffractive power of the co-planar

transmission grating 13 to rotate incident light towards the exit grating 18.

The exit grating 18 is a low efficiency grating, such that as rays

propagate along light path L2 within the second plate-like waveguide 8 at each

interaction with the exit grating 18 a small proportion of light is diffracted out of

the second plate-like waveguide 8. Light which is not diffracted out of the

second plate-like waveguide 8 light continues to propagate within the second

plate-like waveguide 8. A large number of parallel rays therefore exit the

second plate-like waveguide 8 through the exit grating 18 towards the viewer 6,

which originated at discrete points on the micro-display forming the image

generating light source 10.

It will be understood that the exit grating 18 not only diffracts light

towards the viewer 6 but also diffracts light away from the viewer 6. Preferably,

a narrow band selective reflection coating, not shown, is provided on at least

part of a second face 19 of the second plate-like waveguide 8 opposite to and

parallely spaced from the first face 15 to reflect light diffracted from the exit

grating 18 back to the exit grating 18 to increase display efficiency.

Preferably, the coupling grating 17 and/or the formation of the exit grating

18 are such so as to co-operate to generate a multiplicity of overlapping display

images. To this end the exit grating 18 can be provided not only at the first face

15, but may be duplicated within the body of the second plate-like waveguide 8

and additionally at the second face 19 thereof. Furthermore, the coupling

grating 17 and the exit grating 18 can have substantially the same spatial

frequency, thus cancelling any chromatic aberration introduced by the coupling

grating 17. Advantageously, the transmission grating 13, the coupling grating

17 and exit grating 18 can have substantially the same spatial frequency to

assist in creating a simple, low cost optical configuration.



Although the first and second faces 9 and 16 of the first plate-like

waveguide 7 and the first and second faces 15 and 19 of the second plate-like

waveguide 8 have been shown as planar in the illustrated embodiment of the

invention either the first and second faces 9 and 16 of the first plate-like

waveguide 7 and/or the first and second faces 15 and 19 of the second plate-

like waveguide 8, if desired, can be made curved.

Figure 3 illustrates an alternative embodiment of the present invention,

wherein like references have been used to indicate similar integers as those

shown in Figure 2.

Figure 3 illustrates a further alternative embodiment of the present

invention, wherein there is provided an alternative arrangement for injecting

image bearing light into the first plate-like waveguide 7 having an image

generating light source 10 and optical means 11 arranged to inject the image

bearing light directly into the first face 9 of the first plate-like waveguide 7,

where upon a semi reflective surface or hologram region, not shown, arranged

parallel with first face 9 and within the material of first plate-like waveguide 7, is

arranged to direct the image bearing light along the first plate-like waveguide 7.

In this manner, the image bearing light is diffractively injected into the first plate-

like waveguide 7, without the need for input prism 12, as opposed to

transmissively injected as illustrated with reference to Figure 2. The image

bearing light continues through the first and second plate-like waveguides 7 and

8 in the manner as described with reference to Figure 2, along light paths l_i,

and L2.

The diffractive injection of image bearing light illustrated in the

embodiment of Figure 3 has the effect of mitigating chromatic aberration of the

transmission grating 7 and allows broadband or a multiple colour image

generating light source 10 to be used.

The diffractive injection of image bearing light, as illustrated in Figure 3,

has the effect of mitigating chromatic aberration introduced by the transmission

grating 13. Equally, the correct pairing of the coupling grating 17 and the exit

grating 18 pair associated with the second plate-like waveguide 8 has a similar



correcting or mitigating effect of chromatic aberration. A diffractive surface can

exhibit large amounts of dispersion of incident light. This can result in light rays

having the same or similar field angles, but which differ in wavelength, being

diffracted into different internal angles within a waveguide, for example the first

or second plate-like waveguides 7 or 8. This can result in large amounts of

chromatic aberration at an output of a projection display. However, if the

dispersion associated with an input hologram to a waveguide is substantially

matched in an opposing sense with the dispersion associated with an output

hologram from the waveguide, then the net chromatic dispersion will approach

or substantially equal zero. For example, matching of the coupling grating 17

and exit grating 18 in this manner will provide a net chromatic dispersion of

substantially zero. This result is advantageous for projection displays used in

head mounted or helmet mounted applications that incorporate waveguides as

it allows the use of a small, cheap and broadband image generating light source

10 in place of a relatively costly, bulky and high powered monochromatic light

source, for example a laser, to illuminate the waveguides. Such a result also

allows the projection display to correctly present multiple colour or full colour

display information to a viewer 6.

Furthermore, diffractive injection of image bearing light, as illustrated in

Figure 3, has the effect of mitigating geometric distortion introduced by the

transmission grating 13. Equally, the correct pairing of the coupling grating 17

and the exit grating 18 pair associated with the second plate-like waveguide 8

has a similar correcting or mitigating effect of geometric distortion. A diffractive

surface should behave according to its associated grating equation which

defines a non-linear relationship. This means that linear field angles injected

refractively into a waveguide, for example first plate-like waveguide 7, as

illustrated in the embodiment of Figure 2, will diffract to a non-linear set of field

angles exiting the first plate-like waveguide 7. This will result in geometric

image distortion of the image bearing light as it travels along the transverse axis

of the first plate-like waveguide 7. However, the diffractive injection of image

bearing light into the first plate-like waveguide 7, as illustrated in the

embodiment of Figure 3, introduces inverse non-linearity to that associated with



the diffractive output from the first plate-like waveguide 7. Therefore, geometric

distortion correction of the image is achieved along the transversed axis of the

first plate-like waveguide 7. This result is advantageous as it mitigates or

obviates the requirement for image manipulation of display information

presented by the light source 10, i.e. the micro-display, to the first plate-like

waveguide 7. Accordingly, this reduces or removes the requirement for image

warping electronics and associated computing power to operate complex

warping algorithms.

Referring to Figure 4 , wherein there is illustrated a further alternative

embodiment of the present invention, wherein like references have been used

to indicate similar integers as those used in Figures 2 and 3. In this

embodiment, there is provided a half-wave plate 20 arranged between and co-

planar with the first plate-like and the second plate-like waveguides 7 and 8.

The effect of the passage of image bearing light passing through the projection

display is to polarise the image bearing light such that it is largely S-polarisation

in nature. However, the coupling grating 17 is arranged to have its diffractive

power rotated through 90° with respect to transmission grating 13. Therefore,

the addition of the half-wave plate 20 acts to rotate S-polarised image bearing

light exiting the first plate-like waveguide 7 through 90° such that it is efficiently

coupled into the second plate-like waveguide 8. The use of the half-wave plate

20 tends to increase the optical efficiency of the projection display and tends to

reduce the power requirements of image generating light source 10.

Additionally, the projection display illustrated according to the invention

can form part of a Head Up Display, of a Helmet Mounted Display and/or of a

Head Mounted Display, particularly for aircraft usage.



CLAIMS

1. A projection display, for displaying an image to a viewer, including a first

plate-like waveguide made of light transmissive material, an image-

providing light source device arranged to inject image bearing light into

the first plate-like waveguide, a transmission grating on or within the first

plate-like waveguide arranged to direct said image bearing light internally

along the first plate-like waveguide and through which the image bearing

light is outputted from the first plate-like waveguide, and a second plate-

like waveguide made of light transmissive and transparent material

located substantially co-planar with the first plate-like waveguide, which

second plate-like waveguide includes a coupling grating arranged to

receive the image bearing light from the first plate-like waveguide, which

second plate-like waveguide further includes an exit grating arranged to

diffract received image bearing light out of the second plate-like

waveguide.

2. A projection display according to Claim 1, including an input means

coupled to or within the first plate-like waveguide arranged to direct said

image bearing light on to the transmission grating of the first plate-like

waveguide.

3. A projection display, according to Claim 1 or Claim 2, wherein the light

transmissive material from which the first plate-like waveguide or light

transmissive and transparent material from which the second plate-like

waveguide are made is glass or plastics.

4 . A projection display, according any preceding claim, wherein the image

providing light source device includes an image generating light source.

5. A projection display, according to Claim 4 , including an optical means

located between the image generating light source and the first plate-like

waveguide, operable to collimate light received from the image

generating light source and to inject the collimated image light bearing

light into the first plate-like waveguide.



6. A projection display, according to any preceding claim, wherein the

transmission grating is such that incident inputted image bearing light is

diffracted therefrom with the incidence angle of the diffracted light at

internal surfaces of the first plate-like waveguide being greater that the

critical angle for the material from which the first plate-like waveguide is

made.

7. A projection display, according to any preceding claim, wherein the

transmission grating is a low efficiency grating.

8. A projection display, according to any preceding claim, wherein the

coupling grating is such that incident image bearing light is diffracted

therefrom with the incident angle of the diffracted light at internal

surfaces of the second plate-like waveguide being greater than the

critical angle for the material from which the second plate-like waveguide

is made.

9. A projection display, according to Claim 8, wherein the diffractive power

of the coupling grating is rotated through 90° with respect to the

diffractive power of the transmission grating.

10. A projection display, according to any preceding claim, wherein the

second plate-like waveguide includes a narrow band selective reflection

coating provided on a surface of the second plate-like waveguide

parallely spaced from the exit grating, which reflective coating is arrange

to reflect light diffracted from the exit grating back to the exit grating.

11. A projection display, according to any preceding claim, wherein the first

plate-like waveguide is curved.

12. A projection display, according to any preceding claim, wherein the

second plate-like waveguide is curved

13. A projection display, according to any of Claims 2 to 12, wherein the

input means is arranged to inject image bearing light via reflective, or

transmissive, or refractive means.



14. A projection display, according to any of Claims 2 to 12, wherein image

bearing light is diffractively inputted into the first or second plate-like

waveguide and diffractively outputted from the first or second plate-like

waveguide and the diffractive input and diffractive output powers are

substantially matched.

15. A projection display, according to Claim 14, wherein the diffractive input

of the first or second plate-like waveguide and the diffractive output of the

first or second plate-like waveguide are substantially matched in two

orthogonal axes.

16. A projection display, according to any preceding claim, wherein a half-

wave plate is located between and substantially co-planar with the first

and second plate-like waveguide.

17. A Head Up Display including a projection display according to any of

Claims 1 to 16.

18. A Helmet Mounted Display including a projection display according to

any of Claims 1 to 16.

19. A Head Mounted Display including a projection display according to any

one of Claims 1 to 16.
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