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LIGHT OUTPUT DEVICE WITH SWITCHABLE REFLECTOR

FIELD OF THE INVENTION

This invention relates to light output devices, particularly but not exclusively

using discrete light sources associated with a transparent substrate structure.

BACKGROUND OF THE INVENTION

One known example of this type of light output device is a so-called "LED in

glass" device. An example is shown in Figure 1. Typically a glass plate is used, with a

transparent conductive coating (for example ITO) forming electrodes. The conductive

coating is patterned in order to make the electrodes that are connected to a semiconductor

LED device. The assembly is completed by laminating the glass, with the LEDs inside a

thermoplastic layer (for example polyvinyl butyral, PVB).

Applications of this type of device are shelves, showcases, facades, office

partitions, wall cladding, and decorative lighting. The light output device can be used for

illumination of other objects, for display of an image, or simply for decorative purposes.

In current products, light is typically emitted from one surface. There are

applications in which it is desirable to be able to choose from which surface light is emitted,

and provide control for this function.

SUMMARY OF THE INVENTION

According to a first aspect of the invention, there is provided a light output

device comprising:

at least one light source having a light output which is generally directed in a

first direction; and

a switchable reflector, which is switchable between a transmissive mode for

providing light in the first direction, and a reflecting mode for providing light in an opposite

direction.

This arrangement enables the light output characteristics of the device to be

controlled, so that opposite surfaces can be used for illumination in different modes of

operation of the device.



The light source is preferably sandwiched between first and second substrates,

and the first direction is from the light source towards the first substrate, and the opposite

direction is from the light source towards the second substrate. The switchable reflector can

then be provided between the light source device and the first substrate. This provides a

compact integrated structure.

The device may comprise an electrode arrangement provided between the first

and second substrates and comprising at least semi-transparent electrodes, wherein the at

least one light source is electrically driven by the electrodes.

In a preferred embodiment, the light sources comprise an array of light

sources. The light sources of the array can for example be different colours, and the

switchable reflectors can then be used to control the overall light output colour.

Each light source can comprise one or more LED devices.

The switchable reflector is preferably also arranged as an array of reflector

portions, with each reflector portion associated with a respective light source device or group

of light source devices. The reflector portions of the array can then be independently

switchable. The reflection from the reflector can be made wavelength dependent.

The invention also provides a method of providing a light output comprising:

generating a light source output from at least one light source generally

directed in a first direction; and

- in a first mode of operation, switching a switchable reflector to a transmissive

mode for providing light in the first direction, and

in a second mode of operation switching the switchable reflector to a

reflecting mode for providing light in an opposite direction.

It is noted that the invention relates to all possible combinations of features

recited in the claims.

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 schematically shows a known LED in glass illumination device;

Figure 2 schematically shows an example of the structure of the device of

Figure 1;

Figures 3A and 3B schematically show the concept underlying the invention;



Figure 4 schematically shows an example of the light output device of the

invention; and

Figure 5 schematically shows another example of the light output device of the

invention.

The same reference numerals are used to denote similar parts throughout the

Figures.

DETAILED DESCRIPTION OF EMBODIMENTS

Figure 2 shows a known LED in glass structure. The light output device

comprises glass plates 1 and 2 . Between the glass plates are (semi-) transparent electrodes 3a

and 3b (for example formed using ITO or thin conductive wires), and an LED 4 connected to

the transparent electrodes 3a and 3b. A layer of thermoplastic material 5 is provided between

glass plates 1 and 2 (for example PVB or UV resin).

When transparent electrodes are used, they are not visible to the viewer, and

they do not introduce non-uniformities to the light output.

The electrodes are preferably substantially transparent, by which is meant that

they are imperceptible to a viewer in normal use of the device. If the conductor arrangement

does not introduce a noticeable variation in light transmission (for example because it is not

patterned, or because the pattern cannot be seen), a transparency of greater than or equal to

50% may be sufficient for the system to appear transparent. More preferably, the

transparency is greater than 70%, more preferably 90%, and even more preferably 99%. If

the conductor arrangement is patterned (for example because thin wires are used), the

transparency is preferably greater than 80%, more preferably 90%, but most preferably

greater than 99%.

The electrodes can be made of a transparent material such as ITO or they can

be made of an opaque material such as copper but be sufficiently thin so that they are not

visible in normal use. Examples of suitable materials are disclosed in US-A-5 218 351.

A particularly useful opaque conductive material may be a conductive ink

deposited using silkscreen or inkjet printing, because this allows the conductor arrangement

to be deposited in a cost-effective manner.

The glass plates typically may have a thickness of 1.lmm - 2.1 mm. The

spacing between electrode is typically 0.01 - 3 mm, for example around 0.15 mm. The

thermoplastic layer has a thickness of 0.5mm- 2mm, and the electrical resistance of the



electrodes is in the range 1 - 80 Ohm, or 1-50 Ohm or more preferably 2-20 Ohm, or 10-30

Ohms/square.

The invention provides a light output device in which a switchable reflector is

switchable between a transmissive mode for providing light in the first direction, and a

reflecting mode for providing light in an opposite direction. This enables the output from

opposite sides of the device to be controlled.

Figure 3 shows the basic principle underlying the invention, and shows a light

source in the form of an LED 4 adjacent a switchable reflector 6 . The reflector 6 is provided

in the light output path, namely on the emission side of the LED 4 .

Figure 3A shows a transparent state in which light is emitted mainly from the

upper surface. In a reflective state of Figure 3B, light emitted by the LED is reflected

towards the lower surface. The switchable reflector is between the light source device 4 and

the first substrate 1 and is thus integrated into the structure of the device.

Although not shown in Figure 3, the device has the electrode arrangement

between the first and second substrates, as shown in Figure 2 .

In preferred embodiments, the device comprises an array of light sources, and

the reflector is also arranged as an array of reflectors portions, as shown in Figure 4 .

Figure 4 shows four reflector portions 6a - 6d. The reflector portions are

independently addressable, so that the intensity of illumination from both sides (relative to

each other) can be controlled. In Figure 4, one reflector portion 6c is in the reflective mode,

and the others 6a, 6b, 6d are in transmissive mode.

In addition to controlling the light output direction, the reflectors can be used

to control the appearance of the device when the light sources are turned off. In particular,

from the second side (i.e. the side to which reflected light is directed - the lower side in the

Figures), a transparent or substantially reflecting surface be visible.

The levels of transmission and reflection can be varied based on the number of

reflector portions in each mode and/or by adjusting the reflection characteristics of the

reflector by the applied electric field. One application is for secrecy windows, which are

switchable between a secrecy (reflecting) mode and a non-secrecy (transmissive) mode.

The LEDs can also be of different colours. In this way, the colour and colour

temperature of light output from the two sides can be controlled.

In another modification shown in Figure 5, the reflection from the reflector

portions is wavelength dependent. Thus, a first portion 50 of the light spectrum is

transmitted and a second portion 52 is reflected, giving different colours. In the transmissive



mode, a white light output can be provided, and in the reflecting mode, blue light can be

transmitted and red light reflected (for example).

The switchable reflector can comprise a cholesteric filter, which can be

gradually switched electrically between the transparent state and reflective state, with gradual

change in reflectivity based on the drive voltage.

In US patents US 5762823 and US 5798057 such reflectors are described.

They are based on cholesteric liquid crystal (LC) materials which can reflect a band of

circularly polarized light. Upon application of an electric field, they can be made to be

transparent. Examples described in the US patents above make use of a polymer network

which enables reversible switching. There are also other modes of cholesteric LC material

switching such as bi-stable switching which can also be used in the present application.

Apart from cholesteric materials, it is also possible to use other effects which

can show switchable reflection. So-called electrically polymer dispersed LC and LC gels can

also give rise to electrically induced scattering. Such materials can switch between scattering

and transparent states. These materials can be formulated so that they show excess diffuse

reflection. They can therefore also be used as a switchable diffuse reflector in the present

application.

The other type of materials which can be used as switchable reflectors are

based on in-plane electrophoreses. In such a cell, electrophoretic particles which reflect light

are used. Such particles can be moved in and out of the path of the light and thus the cell can

be switched between transmitting and reflective states.

It is also possible to make use of the so called roll-blind technology. This is

based on a thin film with a conductive layer. In a neutral state, the film is in a rolled state.

Upon application of a voltage between a conductive surface and the rolled film which is

attached to the surface, from one end the film can be switched between the rolled and

unrolled states.

In the examples above, a single LED is shown. However, the LEDs may be in

groups of LEDs.

The invention is of particular interest for signage, decorative lighting such as

lamps, windows, architectural glass, and secrecy windows, although other applications are

possible, such as furniture and other decorative items.

Various other possibilities are within the scope of the various aspects of the

invention, as defined by the attached claims.

Various other modifications will be apparent to those skilled in the art.



CLAIMS:

1. A light output device comprising:

at least one light source (4) having a light output which is generally directed in

a first direction; and

a switchable reflector (6), which is switchable between a transmissive mode

for providing light in the first direction, and a reflecting mode for providing light in an

opposite direction.

2 . A device as claimed in claim 1, wherein the light source (4) is sandwiched

between first and second substrates (1,2), and wherein the first direction is from the light

source (4) towards the first substrate (1), and the opposite direction is from the light source

towards the second substrate.

3 . A device as claimed in claim 2, wherein the switchable reflector (6) is between

the light source (4) and the first substrate (1).

4 . A device as claimed in any preceding claim, comprising:

an electrode arrangement (3a,3b) provided between the first and second

substrates (1,2) and comprising at least semi-transparent electrodes,

wherein the at least one light source (4) is electrically driven by the electrodes.

5 . A device as claimed in any preceding claim, comprising an array of light

sources (4).

6 . A device as claimed in claim 5, wherein the array comprises light sources of

different colours.

7 . A device as claimed in any preceding claim, wherein the light source (4)

comprises an LED device.



8. A device as claimed in any preceding claim, wherein the light source (4)

comprises a group of LED devices.

9 . A device as claimed in any preceding claim, comprising an array of switchable

reflector portions (6a,6b,6c,6d), each associated with a respective light source device (4) or

group of light source devices.

10. A device as claimed in claim 9, wherein the reflector portions (6a,6b,6c,6d) of

the array are independently switchable.

11. A device as claimed in any preceding claim, wherein the reflection from the

reflector (6) is wavelength dependent.

12. A device as claimed in any preceding claim, wherein the switchable reflector

(6) comprises a cholesteric filter, switchable scattering LC device, electrophoretic device or a

roll-blind device.

13. A method of providing a light output comprising:

generating a light source output from at least one light source (4) generally

directed in a first direction; and

in a first mode of operation, switching a switchable reflector (6) to a

transmissive mode for providing light in the first direction, and

in a second mode of operation, switching the switchable reflector (6) to a

reflecting mode for providing light in an opposite direction.
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