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LED backlight

The present disclosure relates to an optical ilumination device, in particular to an
LED backiight for use with a display panel having fewer optical componenis, reduced
size and reduced weight, and the use of the backlight in digital display equipment.
Additionally, the device of the preseni invention allows segmenting or tiling of the
iluminated area allowing energy savings when only parts of the full display area are
needed.

In many applications, such as digital projectors, optical ilumination devices must
convert structured light sources, such as from an LED or a number of LED’s, and
convert it info a homogenous or uniform light source in order 1o provide the
Hlumination to the display panel. The display panel may be an LCoS (Liquid Crysial
on Silicon), a MEMS device such as a DMD (Digital Mirror Device), or an LC (Liquid
Crystal) panel. Conventional systems use fly's eye lenses or homogenising rods in
order 1o homogenise the light. The use of separate RGB LEDs, rather than a single
white LED, as the light source is preferred in many applications. However, this
further compilicates the illumination device as the individual light sources must be
combined into the same optical path.

The demand for portable devices means that, despite the advances in LED
technology, lens technology and display panels, there remains a need for
flumination devices having a smaller form factor and lower weight. Additionally, the
large number of individual components of known devices increases cost of
manufacture and can limit durability. Accordingly, there is a desire {o provide a
simpler illumination device without reducing the brightness or image quality.

Additionally, in some applications of illumination devices only a part of the display
area is used ai certain periods during device use. For example, heads-up displays
and augmented reality devices may only need 1o provide an image in a small part of
display. Conventional devices illuminate the entire display panel even if only g

portion of said display panel is needed to produce an image. Such devices therefore
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use full power even when only producing a partial image. Accordingly, there remains
a need for devices which can reduce power usage when only a partial image is

required.

US2005237488 relates to an image display technigque intended to display images by
frradiating light from light sources onto image display elements and forming an

optical image.

W0O2010052304 relates to an LED light source matrix comprising light source units
that have LED light sources, said malrix, in the aclivated state, illuminating a
subsequent microlens array with white light in collimated fashion, wherein a light
source unit is associated with a plurality of microlenses that focus the light bundles
and direct them through a scaltering means localed outside the rear focal plane of
the microlens array, said scatltering means having pre-defined radiating
characteristics.

(GB2464102 relales to an lumination apparatus comprising a plurality of
light-emitting elements aligned to a plurglity of optical elements; and a method for

fabrication of the illumination apparatus.

WO2017111801 relates to the fabrication of monglithic red, blue and green LEDs
using low defect density {li-V materials.

KR20080053435 relales 1o a monolithic light emitting diode array, and more
particularly, to a monolithic light emitting diode array having a wiring structure
suitable for various connection types such as a series or paralle] of light emitling
diodes and a method of manufacturing the same.

GB2510401 relates to micro-optical elements for high power dicde lasers and in

particular, 1o a monolithic biconvex fast-axis collimator array.
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it is an object of the present invention 1o provide an improved illumination device
which at least one of the problems associated with prior art devices or, at least,

provide a commercially useful alternative thereto.

According to a first aspect the present disclosure provides an LED backlight for use
with a display panel, the backlight comprising:

a monolithic LED array having a surface and comprising a plurality of LEDs
for emitting light from the surface of the array;

a monolithic collimator array comprising a plurality of coliimating channels,
and being aligned so0 that each of the collimating channels is aligned with ong or
more of the plurality of LEDs, wherein the collimating channels are configured 1o
collimate emitted light emitted from the LEDs {0 angles in the range of about +/-50°
from a line substantially normal to the surface of the LED array;

a microlens array for focusing the collimated light to infinity, the microlens
array comprising a plurality of lenslets, each lenslet aligned with a collimating
channel of the monolithic collimator array; and

a relay lens for focusing the light from the microlens array on a display panel.

The present invention will now be further describad. In the following passages
different aspects of the invention are detined in more detail. Each aspect so defined
may be combined with any other aspect or aspects unless clearly indicated to the
contrary. In particular, any feature indicaled as being preferred or advaniageous may
be combined with any other feature or features indicated as being preferred or

advantageous.

The invention relates {0 an LED backlight for use with a display panel. The LED
backlight of the present invention provides a homogenous/uniform light scurce to a
display panel. Advantageously, the backlight of the present invention is smaller and
simpler than conventional backlights. In addition, the design means that any dead
pixels in the LED array are not visible and simply result in a minor reduction in

intensity.
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The backlight comprises a monolithic LED array having a surface and comprising a
plurality of LEDs for emitling light from the surface of the array. The LED array may
include red, green, blue, white LEDs or any combination thereof. A typical LED array
comprises al least a 2x2 grid of LEDs, preferably at least a 10x10 grid of LEDs, such
as a 100x100 grid of LEDs. A preferred grid would comprise from 4x4 1o 8x8 LEDs. It

should be noted that the grid does not need to be square.

Each LED may have a different size and form factor. LED manufaciure is well known
in the art, as are suitable materials and layer structures. Optionally the monolithic
LED array may comprise indium gallium nitride and the LEDs may emit light in the
range of from 400 to 500nm (blue light). Optionally phosphor materials can
selectively be applied to convert the emitled light into longer wavelengths {0 achieve
colourisation, for example green and red. In this way a range of RGB light can be

provided.

Preterably, the monolithic LED array is a monolithic microLED array. The use of a
microLED array provides a small form factor and reduced weight of the device.
WO2016146658 discloses method of producing LED arrays suitable for the use in

the present invention.

The backlight comprises a monolithic collimator array comprising a plurality of
collimating channels. The channels are aligned so that each of the collimating
channels is aligned with one or more of the plurality of LEDs. This means that the
collimating channels are configured to collimate emitted light emitted from the LEDs.
That is, the collimating channel is arranged so that at least some light from each LED
aligned with the channel passes through the channel. The collimation is to angles in
the range of about +/-50° from a line substantially normal to the surface of the array.

Preteragbly the collimaling channels are configured to collimate emitted light emitted
from the LEDs to angles in the range of about +/-40°, preferably +/-30°, preferably
+/-20°. In view of the complexily of manufacturing the collimator channels and a

desire to use more of the LED-emitted light, +/-30° is a good compromise. A smaller
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angle range of the collimated light reduces cross talk belween light from adjacent

collimator channels and may allow improved efficiency of the device.

Preferably each collimator channel is aligned with g single LED, preferably a red,
green, blue or white LED.

Preterably each channel of the monolithic colfimator has an internal suriace, the
internal surface having a specular (mirror-like) finish and a surface roughness (Sq) of
tess than 20 nm and/or wherein the internal surface has a refiective coating thereon.
Preferably, where present, the reflective coating is a metallic coating, such as silver
or aluminium, preferably PVD deposited silver. Low surface roughness increases the
efficiency of the davice as it maximises the usaful emission of light. Similarly, a
reflective coating on the internal surface of the collimator channels may further
increase the efficiency. Accordingly, low surface roughness and a reflective coating
are preferred where power usage is a key consideralion, such as where the backlight
is for use in a portable device with limited power supply.

Surface roughness of the internal surface of a collimator channel may be
characterized by image analysis using a 3D oplical microscope or indirectly

chargcterized by measurement of the emission angle from the collimator.

To measure the surface roughness using image analysis, a collimator array is potied
in a block of hardened epoxy in order to perform a precise and clean cross-section
through at least one channel. Using a 3D optical microscope {(such as a Bruker 3D
Microscope Contour GT-1) the exposed inner surface cross-section is accurately
measured and its surface roughness Sq is derived.

A second method uses the emission angle from the collimator array to verify
indirectly its surface finish. When surface roughness is greater than 20 nm the cut-off
emission angle of light exiting the collimator array will be higher than the expecied
{computed) value. In addition, the optical efficiency of the collimator array will aiso
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decrease because of the increase in the number of light reflections inside sach
collimator channel due 1o the roughness of the internal surfaces.

The spatial radiation pattern of the emitted light from the collimator may be
determined using an LEDGON goniophotometer from Instrument Systems. The
measurement is made with a high angle resolution of 0.2° {o give precise

measurements o correlate with the simulation dais.

Preferably each collimator channel comprises a tapered micro-cavity. The taper
angle may be constant or varied. A constant taper (i.e. flal sides) allows for easier
manufacture of the collimator array. Preferably the micro-cavity has a compound
parabolic shape comprising four tapered walls having rectangular entfrance and exit
apertures at distal ends. Most preferably the entrance and exit apertures are square.

The mongolithic collimator array may be produced by any appropriate means. For
example the monolithic collimalor array may be produced by injection moulding,
additive manufacturing or nanolithography. Injection moulding is especially preterred
due to the spead of manufacture and because it can be used 1o achieve a

reasonable surface roughness.

if injection moulded, the monolithic collimaior may be formed of any thermoplastic
with good moulding and physical vapour deposition (PVYD) coating properties, such

as polycarbonate.

Suitable polymers for additive manufacturing include PEEK (Polyetheretherketone)
and PEKK {Polyetherketoneketone). PEEK is considered an advanced biomaterial
most often used in medical implants and PEKK is a semi-crystalline thermoplastic in
the polyaryletherketone (PAEK) family, with high heat resistance, chemical

resistance and the ability to withstand high mechanical loads.

The collimator array can also be fabricated using a single lithographic step with a
silicon oxide (Si02) hard mask at a silicon walfer scale. Two approaches can be used

for the fabrication. The first one involves a single wet anisotropic eich step in



WO 2019/220102 PCT/GB2019/051322

concenirated potassium hydroxide (KOH) and the second is a combined approach

comprising Deep Reactive lon Etch (DRIE) followed by wet anisotropic eiching.

The backlight comprises a microlens array for focusing the collimaled light on infinity,
the microlens array comprising a plurality of lenslets, each lensiet aligned with a
collimating channel of the monglithic collimator array. Microlens arrays are well

known and may also be known as a lenslet arrays or fly's eve lens.

The microlens array of the present disclosure is formed of a transparent material,
preferably polycarbonate or acrylic. Preferably the lenslet surfaces have a surface
roughness Sq of less than 10nm. Low surface roughness of the lens surface
minimises or prevents light scattering improving the device efficiency.

Optionally the microlens array may be coated with an anti-reflection layers in order to
reduce optical losses due 1o Frasnel reflections.

The backlight comprises a relay lens for focusing the light from the microlens array
on a display panel. The combination of the microlens array and relay lens
homogenise, magnify and focus the light from the coliimating channels onto the

display panel.

Advaniageously, the backlight of the present invention requires only a single
microlens array and does not require collectors or dichroic combiners as required in

known backlights.

in varicus embodiments of the present invention each lenslet may be aligned with
one or more collimator channels, and a central axis of the lenslet may be aligned
with or offset from a central axis of the one or more collimator channels, Specifically,
each lensiet of the microlens array is aligned with:

a} a single collimator channel, wherein a central axis of the collimator channel

and a central axis of the lenslet are aligned; or
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b} one or more collimator channels, wherein a ceniral axis of each of the one or
more collimalor channels are offset from a central axis of the lenslet; or

¢} a combination of (a) and (b).

Where the central axis of a lenslet and a collimator channel are aligned as in {a)
above, in use, light from the collimator channel iluminates substantially the entirety
of the display panel. That is, each LED is providing light across the entirety of the
display panel. This is why the device is able {0 cope with dead LEDs with only a
minor drop in light intensity.

Where the central axis of a lenslet and a collimator channel are offset, in use, light
from the collimator channel illuminates a defined portion of the display panel.

Preferably the monolithic collimator array comprises at least first and second sub-
arrays of colimator channels, wherein each collimator channel in the first sub-array
of collimator channels is identically offsel from the central axis of the corresponding
lenslet and each collimator channel in the second sub-array of collimator channels is
identically offset from the central axis of the corresponding lenslet, whereby selective
actuation of the LEDs aligned with the first or second sub-array of collimalor
channels would provide illumination on non-identical portions of a display panel. it
should be appreciated that in this embodiment each sub-array may comprise as few

as one collimator channel.

Advantageously, such an arrangement of LEDs, collimator channels and lenslels
allows the selective ilumination of detined portions of the display panel by actuation
of a portion of the LEDs whilst stilt providing a bright source of homogenised light.
Accordingly, when an image is only needed over g portion of the display panel a

portion of the LEDs may be switched off providing a corresponding saving in energy.

For example, the backlight of the present invention may be used in a heads-up
display unit where 3 full screen image may be needed some of the time and an

image only on one portion, such as the botitom or one side of the screen, is needed
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some of the time. When an image is only required on one portion of the screen,

LEDs corresponding to other portions may be switched off.

A turther advantage of the present invention is provided by the effeclive redundancy
of the LEDs in the LED array. In known backlights a single red, green, blue or white
LED may be used to illuminate the whole display panel. If a single LED fails the
device may be rendered non-functional and require replacement of the LED.

Conversely, in the present invention an array of LEDs correspond 1o the whole
screen or a portion thereof. Accordingly, failure of a single LED merely leads to a
dimming of the backlight or portion thereof. Arrays of the present invention may
include a large number of LEDs and the dimming due to failure of a single LED

would therefore be negligible.

Opticnally the monolithic LED array and the monolithic collimator array are inlegrally
formed. Advantageously, this may provide a more robust device and reduce the

number of alignment steps needed in a8 manufacturing process.

Preferably the LED array is a microLED array. Use of a microLED array provides a
device with a smaller form factor suitable for use in smaller final products such as
portable devices. Use of a microLED array may also allow an increased number of
individual LEDs for a given poriion of the display panel increasing the redundancy

and therefore the reliability of the device.

Preferably the mongclithic colimator array has a depth of from 100 to 2000 microns.
This provides a collimator suitable for use with a microLED array. The depth
corresponds to the length of the collimator along the central axis of each collimator

charnnel.

in a further aspect the present disclosure provides an LED illumination device for

forming the LED backlight described herein, the device comprising:
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a monolithic LED array having a surface and comprising a plurality of LEDs
for emitting light from the surface of the array;

a monolithic collimator array comprising a plurality of coliimating channels,
and being aligned so that each of the collimating channels is aligned with one or
more of the plurality of LEDs, wherein the collimatling channels are configured to
collimate emitied light emitted from the LEDs to angles in the range of about +/-50°
from a line substantially normal o the surface of the LED array; and

a microlens array for focusing the collimated light to infinity, the microlens
array comprising a plurality of lenslets, each lenslet aligned with a collimating
channel of the monolithic collimator array. The LED lumination device of the present

disclosure provides a precursor for the LED backlight of the present disclosure.

The LED backlight or the LED illumination device of the present disclosure may
further comprise a polariser. Polarisers are well known in the arl. A polariser may be
used 1o polarise the focused collimatead light before it is focussed by the relay lens or
may be used 1o polarise the focussed light after it has been focussed by the relay

iens.

Accordingly, where present, in the LED backlight of the present disclosure, a
polariser may be placed between the microlens array and the relay lens or after the
relay lens as the last component in the optical path. Alternatively, where present in
an LED lumination device of the present invention the polariser may be placed after
the microlens array as the last component in the optical path. Inclusion of a polariser
in the devices of the present invention may be useful in some applications, such as
when the backlight or illumination device is 1o be used with an LCoS or LC display
panel.

In a further aspect the present disclosure provides a digital light projector comprising
the LED backlight of the first aspect and a display panel. This corresponds o the
LED illumination device described above, combined with a relay lens and a display
panel. Preferably the display panel is arranged at a separation from the relay lens
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such that substantially all light from the LED backiight is incident on the display

panel. Such an arrangement maximises the efficiency of the device.

In a further aspect the present disclosure provides use of a monolithic collimalor
array for collimating light from a monolithic LED array in an LED backlight. All
elements of the other aspecis discussed herein may be freely combined with this

aspect.

in a preferred embodiment of the first aspect, there is provided an LED backlight for
use with a display panel, the backlight comprising:

a monolithic LED array having a surface and comprising a plurality of LEDs
arranged to emit light from the surface of the array;

a monolithic collimator array comprising a plurality of collimating channels,
and being aligned so that each of the collimating channels is aligned with one or
more of the plurality of LEDs, wherein the collimating channels are configured io
collimate emitied light emitted from the LEDs o angles in the range of about +/-50°
from a line substantially normal to the surface of the LED array;

a microlens array arranged o focus the collimated light {o infinity, the
microlens array comprising a plurality of lensleis, each lenslet aligned with a
collimating channel of the monolithic collimator array; and

a relay lens arranged to focus the light from the microlens array on a display

panel.

The invention will now be described in relation 1o the following non-limiting figures.
Further advantages of the disclosure are apparent by reference to the detailed
description when considered in conjunction with the figures, which are not to scale
30 as to more clearly show the details, wherein like reference numbers indicate like

elements throughout the several views, and wherein:

Figure 1 shows an exploded view of a backlight of the present invention.
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Figure 2A shows a prior art projection optical system comprising a
conventional LED backlight comprising a green LED and a combined blue and
red LED.

Figure 2B shows a projection optical system incorporating the LED backlight

of the present disclosure.

Figure 3 shows an embodiment of the present disclosure for illuminaling the
whole display panel.

Figure 3A shows a ray tracing diagram showing how the LED back light
of the present produces homogenised light on a display panel.

Figure 3B shows a schematic of the exit apertures of the collimator
array of this embodiment.

Figure 3C illustrates the superposition of the light from each of the

collimators of the array of Figure 3B.

Figures 4A-4C correspond to Figures 3A-3C but show an aliernative
embodiment where each lenslet is aligned with a single coliimator channel
and the each collimator channel is offset with respect 10 the ceniral axis of its
associated lenslet.

Figure 5 shows a further embodiment where each lenslet is aligned with a 2x2
grid of collimator channels.

The exploded view of backlight (100} of Figure 1 comprises a monolithic LED array
(110) having a plurality of microLEDs (115); a monolithic collimator array (120)
having a plurality of collimator channels (125); a microlens array {130} having a
plurality of lenslets (135); and a relay lens (140).
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in use, light emitted from the plurality of microLEDs {115} is collimated through the
collimator channels (125) of the monolithic collimator array (120). The light from each
channel {125) passes into a lenslet (135) of the microlens array {(130). This focusses
the light {o infinity. The light then passes to a relay lens {140). The relay lens then
focuses the light towards a display screen (not shown in Figure 1).

The prior art projection optical system of Figure 2A comprises a green LED (216)
and a combined red/blue LED (217}, collimators (220, 221} associated with each of
the LEDs (216, 217), a dichroic mirror (245), a fly's eye lens array (231), g first relay
lens (241), a mirror (250), a second relay lens (242), a total internal reflection prism
(255), a digital micro mirror device {(260) and a projection lens apparatus {(260). In
the projection optical system of Figure 2B the LEDs (216, 217}, the collimators (220,
221}, the dichroic mirror (245), the lens array (231) and first relay lens (241) have
been replaced by an LED backlight of the present disclosure (200 and 241).

As shown by Figures 2A and 2B, the LED backlight of the present invention reduces
the number of individual optical parts necessary in a projection optical system.
Additionally, although the figures are not to scale, it is clear that the backlight of the
present invention has a reduced form facior compared {or prior art systems.
Accordingly, the LED backlight of the present disclosure allows for smalier, lighter
and simpler devices.

Figure 3A shows a ray tracing diagram of an embodiment of the LED backlight of the
present disclosure wherein each collimator channel (325) is aligned with a single
LED (315) and each lenslet {335) is gligned with a single collimator channel (325),
and wherein the central axis (not shown) of each lenslet (335} is aligned with the
ceniral axis of the corresponding collimaior channel (325).

In the embodiment of Figure 3A the emitted light from each individual LED (315) is of
Lambertian distribution (180 degree emission angle). The light emitted from an LED
(315) passes through the associated collimator channel (325) and is thereby

collimated. After collimation, the emerging light af exit aperture has a narrower
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angular distribution. Specifically, the cut-off emission angle from exit aperiure is not

greater than 50 degrees and is preferably about 30 degrees.

The collimated light exiting a given collimatlor channel (325) is refracted by the
associated lenslet (335} to form an image of the exit aperture of the coliimator
channel {335) focussed on infinity. Relay lens (340) focuses the image of exit
aperture onto the display panel (370). Since the central axes of the associated
lenlets and collimator channels are aligned, the light from each collimator channel
(325} in the array is focused by the relay lens (340) onto the same planar area of the
display panel (370).

Figure 3B shows a schematic of a collimator array according to Figure 3A, where
intersections of gridlines show the central axis of lenslets. Figure 3C illustrates the

superposition of the light from each collimator channel onto the same planar ares.

Figure 4 shows a ray tracing diagram of another embodiment wherein each lenslet
(435} is aligned with a single collimator channel (425). However, unlike the
embodiment of Figure 3 where each collimator channel (325} is aligned with the
ceniral axis of the associated lenslet (335}, in this embodiment each collimaior
channel (425) is offset from central or optical axis (436) of the associated lenslet
(435). Specifically, adjacent collimators are offset, with respect o the central axis
(436) of their associated lenslet (435), by the same distance but in the opposite
direction. The coliimalors are labelled with their grid positionandan L oran R to

indicate their offset from the associaled lenslet oplical axis.

A top down view of a pottion of the collimator array of this embodiment is shown in
Figure 4B, as with Figure 3B intersections of the gridiines show the ceniral axis of
the associated lenslet. An ilustration of the superposition of the light from the LEDs
is shown in Figure 4C. It would be appreciated by the skilled person that while gaps
are shown between the illumination “liles” on the display panel this is for clarity.
These could be made contiguous or separate by adjusiment of the configuration of
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the components of the backlight of the invention, such as by adjustment of the lens

design.

The embodiment of Figure 4 provides tiled illumination of the display panel.
Switching on alternating LEDs will illuminate one portion of the panel or the other. I
will be undersiood by the skilled person that the specific array of lustrated in Figure
4 is only illustrative. The position of a given LED-collimator-lenslet combination in the
array does not affect the portion of the display panel iluminated. Rather it is the
arrangement of the collimator with respect to the lenslet that controls which portion of

the display panel is illuminated.

This allows significant flexibility with regards 1o the design of the LED backlight. For
example the LED array may be arranged inio three regions of red, blue and green
LEDs respectively aliowing for easier application of phosphors or other layers in the
LED structure during production. Each of the coloured sections may then be
separaied into subsections where the collimators in a given subsection all have the
same offsetl with respect to their lenslet axis potentially allowing for simpler wiring of
the LED array.

Figure 5 shows g further embodiment where each lenslet is aligned with a 2x2 grid of
LEDs. This arrangement would provide selective 2x2 tiling illumination of the display

panel.

it will be apprecialed by the skilled person thal the various embodiments discussed
above may be combined in a single LED backlight. For example a portion of the
device may be arranged as in Figure 3 (o provide illuminalion across the entirety of
the display panel while other portions have one or more collimators aligned with

each lensiet in order to iluminate non-identical portions of the display panel.



16

Claims:

1. An LED illumination device for forming an LED backlight, the device
comprising:

a monolithic LED array having a surface and comprising a plurality of LEDs
for emitting light from the surface of the array;

a monolithic collimator array comprising a plurality of collimating channels,
and being aligned so that each of the collimating channels is aligned with one or
more of the plurality of LEDs, wherein the collimating channels are configured to
collimate emitted light emitted from the LEDs to angles in the range of +/-50° from a
line substantially normal to the surface of the LED array; and

a microlens array arranged to focus the collimated light to infinity, the
microlens array comprising a plurality of lenslets, wherein:

(a) each lenslet of the microlens array is aligned with one or more collimator
channels, wherein a central axis of each of the one or more collimator
channels are offset from a central axis of the lenslet; or

(b) some of the lenslets of the microlens array are aligned with one or more
collimator channels, wherein a central axis of each of the one or more
collimator channels are offset from a central axis of the lenslet, and the
remainder of the lenslets of the microlens arrary are aligned with a single
collimator channel, wherein a central axis of the collimator channel and a
central axis of the lenslet are aligned

wherein the monolithic collimator array comprises at least first and second
sub-arrays of collimator channels, wherein each collimator channel in the first sub-
array of collimator channels is identically offset from the central axis of the
corresponding lenslet and each collimator channel in the second sub-array of
collimator channels is identically offset from the central axis of the corresponding
lenslet, whereby selective actuation of the LEDs aligned with the first or second sub-
array of collimator channels would provide illumination on non-identical portions of a

display panel.
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2. An LED backlight for use with a display panel, the backlight comprising the
LED illumination device of claim 1 and further comprising a relay lens arranged to

focus the light from the microlens array on a display panel.

3. The LED backlight according to claim 2, wherein each collimator channel is

aligned with a single LED.

4. The LED backlight according to claim 3, wherein each collimator channel is

aligned with a red, green, blue or white LED.

5. The LED backlight according to any of claims 2-4, wherein the monolithic LED

array and the monolithic collimator array are integrally formed.

6. The LED backlight according to any of claims 2-5, wherein the LED array is a

microLED array.

7. The LED backlight according to any of claims 2-6, wherein the collimating
channels are configured to collimate emitted light emitted from the LEDs to angles in

the range of +/-40°.

8. The LED backlight according to claim 7, wherein the collimating channels are
configured to collimate emitted light emitted from the LEDs to angles in the range of
+/-30°.

9. The LED backlight according to claim 8, wherein the collimating channels are
configured to collimate emitted light emitted from the LEDs to angles in the range of
+/-20°.

10.  The LED backlight according to any of claims 2-9, wherein the monolithic

collimator has a depth of from 100 to 2000 microns.

11.  The LED backlight according to any of claims 2-10, wherein each channel of

the monolithic collimator has an internal surface, the internal surface having a
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surface roughness (Sq) of less than 20 nm and/or wherein the internal surface has a
reflective coating thereon.

12.  The LED backlight according to claim 11, wherein the internal surface has the
reflective coating thereon and the reflective coating is a metallic coating, such as
PVD deposited silver.

13.  An LED backlight according to any of claims 2 to 12, further comprising a

polariser.

14. A digital light projector comprising the LED backlight of any of claims 2 to 13
and a display panel.

15.  The digital light projector according to claim 14, wherein the display panel is
arranged at a separation from the relay lens such that substantially all light from the
LED backlight is incident on the display panel.

16.  An LED illumination device according to claim 1, further comprising a

polariser.

17.  Adigital light projector comprising the LED illumination device of claim 1, a
relay lens and a display panel.

18.  Use of a monolithic collimator array for collimating light from a monolithic LED
array in an LED backlight according to any of claims 2 to 13.
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