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Laser illumination system and projection system incorporating such laser illumination system

FIELD OF THE INVENTION

This invention relates to laser illumination systems and to projection systems

incorporating such laser illumination systems.

BACKGROUND OF THE INVENTION

As technology develops, sold state image projectors are gaining interest for

their high lifetime. At the same time, these solid state image projectors are also becoming

less expensive. As a result of these trends, it is expected that there will be a proliferation in

both the number of solid state image projectors, and the usage of these devices. For example,

an array of lasers may be used to form a high brightness light source, which light source

illuminates a miniaturized display panel that is imaged by a projection lens on a screen.

One example of a solid state image projector comprises an array of blue laser

light sources, in which light of all lasers is focused on a small spot of a phosphor wheel to

convert the laser light into light of the desired color.

Since many lasers are imaged to the same spot of the phosphor wheel, very

high brightness can be obtained. The lasers are integrated into a single laser bank, allowing

for a well-defined optical and thermal interface.

The number of lasers that may be focused on the phosphor wheel is limited by

the practical size of the laser housing and the thermal cooling requirements of the individual

lasers.

It would be desirable to be able to stack more laser beams in the same shape of

laser envelope, without compromising the packaging of the lasers and without compromising

the heat sink facilities of each individual laser.

SUMMARY OF THE INVENTION

The invention is defined by the claims.

According to examples in accordance with an aspect of the invention, there is

provided a laser illumination system comprising:

a first array of laser light sources;



a first array of reflectors, wherein the output of each laser light source of the

first array is directed to a respective reflector which redirects the laser output to an output

direction, wherein the light sources of the first array have a first output wavelength;

a second array of laser light sources;

a second array of reflectors, wherein the output of each laser light source of

the second array is directed to a respective reflector which redirects the laser output to the

output direction, wherein the light sources of the second array have a second output

wavelength different to the first output wavelength;

wherein the output of each laser light source of the first array is combined with

the output of a corresponding laser light source of the second array to form a coaxial

combined beam;

wherein the first array of reflectors and the second array of reflectors each

have a ladder-like structure comprising rungs relative to a plane, the rungs corresponding to

the reflectors;

wherein the planes of the first and second arrays cross at a crossing point, and

wherein, relative to the output direction, for each of the first and second arrays

the reflectors that are located before the crossing point are non-wavelength-selective

reflectors, the reflectors of the first array that are located after the crossing point are

wavelength-selective reflectors for reflecting the first wavelength and not the second

wavelength, and the reflectors of the second array that are located after the crossing point are

wavelength-selective reflectors for reflecting the second wavelength and not the first

wavelength.

In this arrangement, two laser banks are used to provide a combined light

output. The laser banks have different wavelength, and wavelength-selective reflectors are

used to combine laser outputs, so that the overall number of laser spots is the same as if a

single laser bank were being used.

By making the two laser banks geometrically overlap, they form a single beam

of the same geometrical shape. This result in a larger light flux through the system, while the

geometry is not changed. The geometry of the optical system after the reflector arrays can

thus be kept the same size.

The outputs of the first array of laser light sources form a first grid, the outputs

of the second array of laser light sources form a second grid, and the first and second grids

face each other. This provides a compact arrangement but in which the two laser banks are at

different locations so that cooling is possible at separate locations.



The first and second arrays of reflectors each have a ladder-like structure

comprising rungs relative to a plane, the rungs corresponding to the reflectors, wherein the

planes of the first and second arrays cross at a crossing point. Again, this means the

arrangement is compact.

The reflectors in each ladder-like structure that are located, relative to the

output direction, before the first and second arrays cross at the crossing point are non-

wavelength-selective reflectors and the reflectors that are located, relative to the output

direction, after the first and second arrays cross at the crossing point are wavelength-selective

reflectors. Thus, not all reflectors need to be wavelength-selective, only those where light

from one laser bank needs to pass through before reflection by the other reflector array or

those where light from one laser bank needs to pass through to form the output.

The wavelength-selective reflectors of the first array and the wavelenght-

selective reflectors of the second array may comprise dichroic mirrors.

Each reflector may reflect the incoming laser light beam by 90 degrees. This

provides an easy to configure system.

The system may further comprise a phosphor wheel and a lens system for

focusing the outputs onto the phosphor wheel. The phosphor wheel is used to generate a light

output of a desired color. It may be one color of a multiple color system. A drive arrangement

is then provided for rotating the phosphor wheel. This provides intermittent use of any

particular area of a phosphor layer of the phosphor wheel and will provide better cooling of

the illuminated phosphor area on the phosphor wheel.

The phosphor wheel may comprise a phosphor layer and a reflector behind the

phosphor layer, wherein the lens system redirects the reflected phosphor-converted light to a

wavelength-dependent reflector which creates the light output. In this way, wavelength-

converted light is reflected from the phosphor wheel and optically processed to form the

optical output of the system towards the display panel to be illuminated.

The invention also provides a laser system, comprising:

a phosphor wheel;

a first laser illumination system as defined above on one side of the phosphor

wheel;

a first lens system for focusing the outputs of the first laser projection system

onto the phosphor wheel;

a second laser illumination system as defined above on the other side of the

phosphor wheel; and



a second lens system for focusing the outputs of the second laser projection

system onto the phosphor wheel,

wherein the phosphor wheel comprises a phosphor layer facing the one side,

and a wavelength-selective reflector behind the phosphor layer for reflecting the phosphor-

converted light.

This arrangement has two laser systems on opposite sides of a phosphor

wheel. One side is reflected by the phosphor wheel and the other side is transmitted through

the phosphor wheel.

The first lens system for example redirects the reflected phosphor-converted

light from the one side and the transmitted phosphor-converted light from the other side to a

wavelength-dependent reflector which creates the light output. A drive arrangement is

preferably provided for rotating the phosphor wheel.

In one example, a spot light illuminating device makes use of the system as

defined above (with one or two pairs of laser banks).

In another example, an image projection system makes use of the system as

defined above (with one or two pairs of laser banks). The image projection system comprises

a display panel and the illumination system for illuminating the display panel for projecting a

display image.

The display panel for example comprises an LCD display device or a digital

micromirror device (DMD).

BRIEF DESCRIPTION OF THE DRAWINGS

Examples of the invention will now be described in detail with reference to the

accompanying drawings, in which:

Figure 1 shows a known laser projection system;

Figure 2 shows an array of lasers;

Figure 3 shows a known way to combine the laser outputs from one laser bank

to create a smaller area set of output beams;

Figure 4 shows an example of how to combine the laser outputs from two laser

banks to create the same smaller area set of output beams as in Figure 3;

Figure 5 shows a first example of a laser projection system; and

Figure 6 shows a second example of a laser projection system.



DETAILED DESCRIPTION OF THE EMBODIMENTS

The invention provides a laser illumination system comprising first and second

arrays of laser light sources each with an associated array of reflectors. The light sources of

the two arrays have a different output wavelength and the output of each laser light source of

the first array is combined with the output of a corresponding laser light source of the second

array to form a coaxial combined beam. Wavelength-selective reflectors are used to form the

combined beams.

The invention may be applied to a single color lighting system such as a spot

light or illumination system, or to a single color image projection system, or to a multi-color

image projection system.

By way of example, Figure 1 shows a known solid state image projection

system in which a display panel 2 is time sequentially illuminated by a red, a green and a

blue solid state light source 4 and the display panel output is projected onto a display surface

6 . In a color image, each pixel has its own brightness and color, usually represented as a

triple of red, green and blue (RGB) intensities.

High power blue solid state lasers are available, however high power green

and high power red lasers lack sufficient efficiencies to be successfully applied in high lumen

output solid state laser based projection systems. Typically, a phosphor conversion layer is

used to convert blue laser light to green and/or red light of the desired color.

For a single color system, a single phosphor may be used to generate the

desired output color. For a multi-color system, separate phosphor systems may be used to

generate for example the red and green colors, which together with the blue lasers form a

RGB color image. The color image is then formed by combing the different colors within an

overall optical system, making use of wavelength-selective reflectors and transmitters.

Figure 2 shows an example of a laser bank 20 comprising a two dimensional

grid of individual lasers 22; in this example there is an 8x3 grid. Each laser emits an almost

perfect parallel beam of light so that the beam envelope of the laser array is determined by

the height and width of the grid. The distance between the individual lasers 22 is determined

by the size of their package and the amount of surrounding metal required to flow the heat

from each individual laser via a heat sink of the laser bank to the environment.

These requirements set a limitation of the number of laser outputs that may be

focused onto a single spot, such as the same spot of a phosphor wheel. It also means that the

beam illuminating the phosphor wheel consists of a set of beams having relatively large gaps

between the individual beams.



Figure 3 shows a method to combine the beams of six columns of lasers into a

smaller beam using a reflector arrangement 30 that comprises a set of reflectors 32. The

reflector arrangement 30 has a ladder-like structure wherein the reflectors 32 correspond to

the rungs of the ladder-like structure. Each of the reflectors 32 can be considered to be

connected to a plane that passes through the center of the reflector 32. Such a reflector

arrangement is sometimes also referred to as a Jacob's Ladder mirror arrangement. Only six

reflectors 32 are shown in order to simplify the diagram, but there may of course be eight, for

the grid design of Figure 2, or more. Each reflector 32 is for one column of lasers of the two

dimensional grid. This approach is well known and is used in commercially available

products.

The rectangular shape of the grid as shown in Figure 2 is in this way converted

into a more square shape (i.e. with unity aspect ratio). It means the array of beams is more

easily optically processed (for example with circular lenses) and the beams are closer

together (at least in one dimension) so that more beams may be provided within a given

geometry of the further optical system.

A laser typically has an emission spectrum in the form of a narrow emission

band centered on the output wavelength (for simplicity illustrated in Figure 4 as triangle

spectra).

The phosphor of a phosphor wheel may be excited by a wider spectrum than is

emitted by a particular laser. As a result, it is possible to use two laser banks each having a

slightly different wavelength, and the outputs may then be combined using wavelength-

selective reflectors such as dichroic mirrors.

Figure 4 shows a first example of an optical arrangement for combining laser

beams, for use in a laser illumination system, such as a laser light source or a laser projection

system. The system may be used to provide a high brightness light source to be applied for

general illumination like blanket illumination or a narrow angle spot light, or it may be used

for projecting an image in a projection system.

A first array of laser light sources 20a generate a first set 40 of output beams

and these are each directed to a respective reflector 42 which redirects the laser output to

from a corresponding one of the set 48 of output beams. The laser light sources of the first

array have a first output wavelength which in the example shown is 444 nm.

A second array 20b of laser light sources generate a second set 44 of output

beams and these are each directed to a respective reflector 46 which redirects the laser output



to from a corresponding one of the set 48 of output beams. The laser light sources of the

second array have a second output wavelength which in the example shown is 456 nm.

The two laser light source arrays thus generate beams with closely spaced

wavelengths, which in this example are both generally blue. The output wavelengths are

sufficiently closely spaced that they both fall within the absorption band of a shared phosphor

conversion layer used later in the system (and shown in Figures 5 and 6).

The output of each laser light source of the first array is combined with the

output of a corresponding laser light source of the second array to form a coaxial combined

beam. Thus, each output beam of the set 48 comprises the superposition of one output from

the first array of laser light sources and one output from the second array of laser light

sources. As shown in Figure 4, each output beam of the set 48 comprises intensity peaks at

the two different wavelengths.

Combining the individual beams of the two laser banks using such dichroic

mirrors has the advantage that the geometry of the output beam 48 is identical to the

geometry of the beams 40 and 44, such that the acceptance of the further optical systems does

not need to be increased after the laser beams of the individual banks are combined. This

issue of maintaining the same acceptance of the optical system will now be discussed.

The geometry of a beam that may pass through an optical sub-system is

defined by the open apertures of the sub-system. For example, in a two lens system, the

open, circular shapes, of the lens holders of the two individual lenses, and the distance

between these two lenses determines the open apertures. In particular, the angular

acceptance (Ω ι) of the light that may pass both the aperture (Ai) of the first lens and the

aperture (A2) of the second lens lens depends on the distance between the two apertures, and

the size of the apertures.

The etendue (also known as the acceptance or optical throughput) is defined

as:

E = A i *Ω ι= JJ cos(0>) dA Ω

For an optical system that consists of more than two lenses, the optical

throughput of the entire system is limited by the maximum acceptance between two

sequential lenses in the system.

For an LED illumination system, the LED light source emits a certain amount

of light within a certain etendue of the source, where the maximum etendue of this source

equals Esource Asource-



If the system etendue is less than the source etendue, not all the light emitted

by the LED source can be accepted by the further optical system, resulting in light loss from

the light emitted by the LED source.

By overlapping the lasers, the source etendue is not changed so that the

required system etendue does not need to be increased to accept the light of the additional

laser bank.

In order to combine the beams, the first and second arrays of reflectors make

use of wavelength-selective reflectors. However, only the reflectors which have both

wavelengths at their output need to be formed as wavelength-selective reflectors.

For example, a first subset 40a of the first set 40 of output beams may each be

associated with a normal specular reflector 42a. A second subset 40b of the first set 40 of

output beams may each be associated with a wavelength-selective reflector 42b. These

reflectors 42b reflect the first wavelength (444nm in this example) and transmit the second

wavelength (456nm in this example).

A first subset 44a of the second set 44 of output beams may each be associated

with a normal specular reflector 46a. A second subset 44b of the second set 44 of output

beams may each be associated with a wavelength-selective reflector 46b. These reflectors

46b reflect the second wavelength (456nm in this example) and transmit the first wavelength

(444nm in this example).

In this example, the outputs of the first and second sets 40 and 44 are directed

towards each other and rotated by 90 degrees by the reflection. The outputs of the first array

of laser light sources form a first grid, the outputs of the second array of laser light sources

form a second grid, and the first and second grids face each other. The reflectors each reflect

a set of beams so that they extend into or out of Figure 4 . Each reflector is for a column of the

laser source outputs of the bank, as shown in Figure 2 .

The first and second arrays of reflectors in this way each have a ladder-like

structure, individually similar to the known arrangement of Figure 3 . Each individual

reflector may be considered to be a rung of the ladder-like structure and it is for a column of

laser sources. Of course, there may instead be an individual reflector for each laser beam

without changing the function at all. However, the first and second arrays of reflectors

cross.

The reflectors 42a and 46a that are located in each ladder-like structure before

the first and second arrays cross may be the non-wavelength-selective reflectors. These are

the reflectors on the left half of the reflector arrangement. This is because these reflectors



only receive incident light from one of the banks of laser light sources. The reflectors 42b

and 46b located after the first and second arrays cross comprise the wavelength-selective

reflectors. These are the reflectors on the right half of the reflector arrangement. This is

because these reflectors receive incident light from both arrays of laser light sources.

Thus, not all reflectors need to be wavelength-selective, only those where light

from one reflector bank needs to pass through before reflection by the other reflector bank or

to pass through to form an output beam.

The wavelength-selective reflectors are for example implemented as dichroic

mirrors.

Figure 5 shows a first implementation of the reflector arrangement of Figure 4

in a laser projection system.

The system comprises the reflector arrangement 50 as shown in Figure 4 . The

set 48 of output beams is provided to a lens system 52 which focuses the set of beams onto a

single spot on a phosphor wheel 54. The phosphor wheel 54 comprises a phosphor layer 56

and an aluminum reflecting backing disc 58.

The incident blue light is converted by the phosphor wheel to a desired output

color, such as green. The wavelength-converted green light is reflected by the backing disc

58 of the phosphor wheel. A wavelength-dependent reflector in the form of a dichroic mirror

60 is transmissive to the incident blue light and reflective to the incident green light. The

green light beams are then directed to a desired output direction by the mirror 60.

The output light is then used to illuminate a display panel 6 1 from which light

is then projected onto a screen 6 . The display panel 6 1 for example comprises an LCD

display device or a digital micromirror (DMD) device.

A digital micromirror device is for example used in a digital light processing

(DLP) projector. The (or each) digital micromirror device (DMD) functions as a light valve.

A single DMD may be used which is flashed in time sequential manner with Red, Green and

Blue light flashes. The sequence of Red, Green and Blue flashes may be obtained using a

phosphor wheel that is split into segments, each segment coated with a different phosphor

and/or a segment having no phosphor and synchronizing the video data to the DMD display

with the phosphor wheel. The phosphor wheel may consist of 3 segments, the first segment

coated with a green phosphor, the second segment coated with a red segment and the third

segment having no phosphor, such that the blue laser light incident on this segment may be

used to flash the DMD panel with blue light. The phosphor wheel may consist of more than 3

segments such as Red, Green, Blue (blank), Red, Green, Blue (blank). The phosphor wheel



may also include other color segments, such as a Yellow or Cyan phosphor, such that the

DMD panel is flashed with Red, Green, Blue Yellow, Cyan, Purple flashes. Other

segmentations of the phosphor wheel may be used as is well known to those skilled in this

art.

A drive arrangement 62 is provided for rotating the phosphor wheel 54. This

improves the cooling of the phosphor of the phosphor wheel, and provides intermittent use of

any particular area of the phosphor layer thus allowing a high intensity light output without

overheating.

Figure 5 shows a system which makes use of illumination of the phosphor

wheel 54 from one side of the phosphor wheel only.

Figure 6 shows a system in which the phosphor wheel 54 is illuminated from

both sides.

On each side of the phosphor wheel 54 is a reflector arrangement 50a, 50b as

shown in Figure 4 .

The phosphor wheel 54 comprises the phosphor layer 56 facing the first

reflector arrangement 50a, but instead of a reflective backing disc, a wavelength-dependent

reflector, again in the form of a dichroic mirror 70, is behind the phosphor layer. This mirror

70 reflects the phosphor-converted light (green in this example) but transmits blue light, in

particular both blue wavelengths of the two types of laser light source array.

A lens arrangement 52a, 52b is on each side of the phosphor wheel, but only

one side needs the dichroic output reflector 60.

Light from the first reflector arrangement 50a which has been phosphor-

converted is reflected and output in the same way as explained with reference to Figure 5 .

Light from the second reflector arrangement 50b is transmitted through the mirror 70, is then

phosphor-converted by the phosphor layer 56 before being output in the same way as

explained with reference to Figure 5 . Figure 6 also shows a transparent carrier 72.

This arrangement has two laser systems on opposite sides of the phosphor

wheel. One operates in a reflective mode and the other operates in a transmission mode.

The phosphor layer has a thickness such that all the original (blue) light is

converted in the phosphor layer. Since the dichroic layer in the phosphor wheel reflects the

phosphor-converted (green) light, all the converted light leaves the phosphor wheel at the

same side, while the light originating from the opposite side will be transmitted by the

dichroic layer in the phosphor wheel, and as such will enter the phosphor layer, further

increasing the brightness of the illuminated spot on the phosphor wheel.



In this design, four laser banks illuminate the same spot on the phosphor

wheel.

Since all the laser light is focused onto a small spot on the phosphor wheel, a

high heat dissipation on that spot will occur, but the temperature of the phosphor layer needs

to be kept sufficiently low. Lower temperatures are achieved by rotating the phosphor wheel

and providing a cooling mechanism to the phosphor wheel.

Improved cooling may be obtained by increasing the diameter of the phosphor

wheel, by applying a forced cooling system, such as blowing cold air on the phosphor wheel

or rotating the phosphor wheel in a cooling liquid. Any additional active cooling provisions

may be provided for further cooling of the air (or cooling liquid) provided to cool the

phosphor wheel.

The example above of Figure 2 shows a laser bank as an array of 3x8 lasers.

Of course, this is purely by way of example. In general, a laser bank may comprise between 4

and 60 lasers. Each laser for example has an output power in the range 1 to 10W. The

separation between individual lasers is for example in the mm to cm range.

One example has been given based on the use of blue lasers, with two different

wavelengths. Of course, other wavelength lasers may be used. The invention is not intended

to be limited to any particular laser technology, but relates instead to the optical arrangement

for combining laser outputs.

The example above makes use of 90 degree reflection at the reflectors.

However, while this gives a compact arrangement, with the two laser banks on each side of

the reflector arrangement (and therefore a simple configuration to implement), this is not

essential.

As mentioned above, the invention may be used for high intensity

illumination, for example within a spot light of general illumination system, or as part of an

image projection system.

In the case of an image projection system, the display image is created from

the light output from the system in conventional manner, using a projection system with light

modulation based on a transmissive or reflective system.

Other variations to the disclosed embodiments can be understood and effected

by those skilled in the art in practicing the claimed invention, from a study of the drawings,

the disclosure, and the appended claims. In the claims, the word "comprising" does not

exclude other elements or steps, and the indefinite article "a" or "an" does not exclude a

plurality. The mere fact that certain measures are recited in mutually different dependent



claims does not indicate that a combination of these measures cannot be used to advantage.

Any reference signs in the claims should not be construed as limiting the scope.



CLAIMS:

1. A laser illumination system comprising:

a first array (20a) of laser light sources;

a first array (42) of reflectors (42a, 42b), wherein the output of each laser light

source of the first array (20a) is directed to a respective reflector (42a, 42b) which redirects

the laser output to an output direction, wherein the light sources of the first array (20a) have a

first output wavelength;

a second array (20b) of laser light sources;

a second array (46) of reflectors (46a, 46b), wherein the output of each laser

light source of the second array (20b) is directed to a respective reflector (46a, 46b) which

redirects the laser output to the output direction, wherein the light sources of the second array

(20b) have a second output wavelength different to the first output wavelength;

wherein the output of each laser light source of the first array (20a) is

combined with the output of a corresponding laser light source of the second array (20b) to

form a coaxial combined beam,

wherein the first array (42) of reflectors (42a, 42b) and the second array (46)

of reflectors (46a, 46b) each have a ladder-like structure comprising rungs relative to a plane,

the rungs corresponding to the reflectors (42a, 42b, 46a, 46b),

wherein the planes of the first and second arrays (42, 46) cross at a crossing

point, and

wherein, relative to the output direction, for each of the first and second arrays

(42, 46) the reflectors (42a, 46a) that are located before the crossing point are non-

wavelength-selective reflectors, the reflectors (42b) of the first array (42) that are located

after the crossing point are wavelength-selective reflectors for reflecting the first wavelength

and not the second wavelength, and the reflectors (46b) of the second array (46) that are

located after the crossing point are wavelength-selective reflectors for reflecting the second

wavelength and not the first wavelength.



2 . A system as claimed in claim 1, wherein the outputs of the first array (20a) of

laser light sources form a first grid, the outputs of the second array (20b) of laser light

sources form a second grid, and the first and second grids face each other.

3 . A system as claimed in any preceding claim, wherein the wavelength-selective

reflectors (42b, 46b) of the first and second arrays (42, 46) comprise dichroic mirrors.

4 . A system as claimed in any preceding claim, wherein each reflector reflects

the incoming laser light beam by 90 degrees.

5 . A system as claimed in any preceding claim, further comprising a phosphor

wheel (54) and a lens system (52) for focusing the reflected outputs of the laser beams onto

the phosphor wheel.

6 . A system as claimed in claim 5, further comprising a drive arrangement (56)

for rotating the phosphor wheel (54).

7 . A system as claimed in claim 5 or 6, wherein the phosphor wheel comprises a

phosphor layer (56) and a reflector (58) behind the phosphor layer, wherein the lens system

(52) redirects the reflected phosphor-converted light to a wavelength-dependent reflector

which creates the light output.

8. A laser system, comprising:

a phosphor wheel (54);

a first laser illumination system (50a) as claimed in any one of claims 1 to 4 on

one side of the phosphor wheel;

a first lens system (52a) for focusing the outputs of the first laser projection

system onto the phosphor wheel;

a second laser illumination system (50b) as claimed in any one of claims 1 to 4

on the other side of the phosphor wheel; and

a second lens system (52b) for focusing the outputs of the second laser

projection system onto the phosphor wheel,

wherein the phosphor wheel comprises a phosphor layer (56) facing the one



side, and a wavelength-selective reflector (70) behind the phosphor layer for reflecting the

phosphor-converted light.

9 . A system as claimed in claim 8, wherein the first lens system (52a) redirects

the reflected phosphor-converted light from the one side and the transmitted phosphor-

converted light from the other side to a wavelength-dependent reflector (60) which creates

the light output.

10. A system as claimed in claim 8 or 9, further comprising a drive arrangement

(62) for rotating the phosphor wheel (54).

11. A spot light illuminating device comprising a system according to any one of

claims 1 to 10.

12. An image projection system comprising a display panel (61) and a system

according to any one of claims 1 to 10 for illuminating the display panel (61) for projecting a

display image.

13. An image projection system according to claim 12 wherein the display panel

(61) comprises an LCD device or a digital micromirror device.
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