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(57) Abstract

A device for backlighting a liquid crystal panel (4)
comprises a source (1) of diffuse light, a quarter wave
retarder (3), and a circularly polarizing element (2) arranged
between the source and the retarder. In operation, diffuse
light from the source passes through the circularly polarizing
element and then through the retarder, thereby providing
un-collimated plane-polarized light for backlighting a liquid
crystal display. The device can give the advantage of
enabling the use of cheaper, lower quality optical elements
and eliminating expensive collimators.
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(54) Title: A DEVICE FOR BACKLIGHTING A LIQUID CRYSTAL PANEL
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A DEVICE FOR BACKLIGHTING A LIQUID CRYSTAL PANEL

This invention relates to a device for backlighting a liquid crystal panel,
comprising a source of light, a quarter wave retarder and a circularly polarizing
element being arranged between the source and the retarder, such that in operation
light from the source passes through the circularly polarizing element and through the
quarter wave retarder, thereby providing plane-polarized light for backlighting a liquid
crystal panel.

A known such device is disclosed in WO 94/16355. In this device the
circularly polarizing element comprises a plurality of aligned cholesteric liquid crystal
layers each reflecting light of a first circular polarization and transmitting light of the
other sense of circular polarization. The device also includes Fresnel lenses to
collimate and condense the light to provide a bright source suitably for use in an
overhead projection system.

The use of such a device in an overhead projection system requires the use of
large area optical quality retarder and polarizer elements. A further requirement is
Fresnel lenses or other collimating means. Such additional elements are expensive to
manufacture and require alignment of the optical system to work in an optimum
fashion. Both of these aspects increase the cost of making the device. In addition such
prior art devices only operate over a restricted angle of view.

It is an object of the present invention to enable the above disadvantages to be
mitigated.

According to the invention there is provided a device for backlighting a liquid
crystal panel as defined in the first paragraph above, characterized in that the light
being supplied to the quarter wave retarder from the source is diffuse and/or un-
collimated.

Such a device can be cheaper and easier to manufacture for use with non-
projection liquid crystal displays. Preferably the light source emits substantially
unpolarized light, which increases the potential efficiency of the system and further
minimizes cost.

The circularly polarizing element may conveniently comprise an aligned chiral
liquid crystal material, which reduces the absorption of light having the opposite sense
of circular polarization. The circularly polarizing element may advantageously
comprises a plurality of laminae, each lamina having a respective wavelength reflective
characteristic. Preferably, the circularly polarizing element comprises a plurality of
flakes of an aligned chiral liquid crystal material which is a solid at room temperature,
the flakes being carried on a light transmissive substrate
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The light source may consist of a luminescent element having an area
approximately equal to that of the liquid crystal panel to be illuminated. This can
optimize the efficiency of the device in the absence of a collimating optical system.
Preferably the luminescent element comprises a planar layer of luminescent material.

Embodiments of the invention will now be described, by way of example only,
with reference to the accompanying diagrammatic drawings, in which
Figure 1 shows, a cross section of a first device, and
Figure 2 shows, a cross section of a second device.

In Figure 1, a device for backlighting a liquid crystal panel (4), comprises a
source of light consisting in the present example of a layer of a phosphor material (1)
on the exterior of a surface of a glass envelope of an electrodeless lamp having a gas
filled central cavity (6) and a dichroic UV mirror (5) which allows all non-UV light to
pass through provided on the opposite surface of the glass envelope, a quarter wave
retarder (3), and a circularly polarizing element (2) arranged between the light source
(1) and the retarder (3). The electrodeless lamp has an external spiral electrode (7). In
operation, diffuse unpolarized light (8) is emitted by the phosphor layer (1). This light
passes through the circularly polarizing element (2) in its way towards the retarder (3)
and ultimately the liquid crystal panel (4).

The circularly polarizing element (2) comprises a layer of a chiral liquid crystal
material (in the present example a layer of an aligned cholesteric liquid crystal polymer
which has been UV cross-linked and is a solid at room temperature). In operation, the
phosphor layer is excited by UV light generated in the gas filled cavity by a plasma
driven by the spiral external electrode. The phosphor layer may in general be on an
internal or external surface of this envelope, or on another surface within the envelope.
Obviously in the present case where the phosphor is on an extemal surface envelope
must be made from quartz or another material which is transparent to such UV light,
otherwise the layers (1) and (5) would need to be on the intemal surfaces of the
envelope. This excitation produces visible light which is diffuse and unpolarized. This
light will emerge from the lamp and pass through the UV dichroic filter to impinge
upon the circularly polarizing element. The UV dichroic filter is there to improve the
lamp efficiency by directing UV light which is generated by the plasma in the gas filled
cavity back towards the phosphor layer so that it is not lost.

The circularly polarizing element in the present example is chosen to have a
reflection characteristic such that all visible wavelengths being left-hand circularly
polarized are reflected back towards the light source. This reflected light will then be
re-reflected by the phosphor layer. This second reflection (and any subsequent odd
numbered refections from the phosphor layer) will change the polarization state of the
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light to be right hand circularly polarized, such that when the light again emerges from
the lamp and impinges upon the circularly polarizing element it will be transmitted.
Thus the light travelling towards the quarter wave retarder will be diffuse uncollimated
light having no left hand circular polarized component, but having a larger than usual
right hand circularly polarized component. This predominantly right hand circularly
polarized light will be transformed into predominantly linearly polarized light by the
quarter wave retarder (3), so that the liquid crystal display panel (4) is illuminated by
this light.

In the present example, the light source (1) has an area which is slightly smaller
than that of the liquid crystal panel, but is of approximately the same size.

Figure 2 shows a cross section of a second device according to the invention.
Elements of the device having the same function in Figure 1 and Figure 2 are denoted
by the same numerals where possible. In this second example the light source
comprises a bank of elongate fluorescent tubes (10) which emit white light towards a
diffusive light-transmissive sheet (11). This sheet is coated on the side facing away
from the fluorescent tubes with a layer comprising flakes of a solid aligned cholesteric
liquid crystal polymer in a light transmissive non birefringent binder. This sheet forms
a liquid crystal lamina which acts as a diffusing circularly polarizing element. The rest
of the device in this second example comprises a quarter wave retarder (3) and liquid
crystal panel (4), as in the first example described above. In this example, the source
of diffusive light may be replaced by a point light source as the circularly polarizing
element will cause the light impinging upon the quarter wave retarder to be diffuse. As
an alternative to a diffusive light source, a point light source plus diffusing means may
in general be substituted.

As a further example, the light source may take the form of an edge-lit
transparent sheet having a diffusive coating such as white paint on its rear surface. The
light source may also be constituted by an illuminated sheet of fluorescent plastic.

Although in the above examples the chiral liquid crystal lamina has only a single
reflection characteristic which substantially spans the visible wave band, the layer may
be made up from a plurality of layers (or a plurality of flakes in a single layer) each
having a respective wavelength reflection band. If such bands are arranged such that
substantially the whole visible wave band is in one or other of the respective reflection
characteristics an equivalent high efficiency device also results. In order to ensure that
the light from the device is substantially polarized for large angles of view, it is
desirable that the reflection characteristics extend into the ultra-violet region of the
spectrum.
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The devices described above may by provided with a liquid crystal panel to
give a display device, or can be provided for use with a separate liquid crystal panel.
The devices described can have significant advantages over those described in the prior
art. In particular the devices are simpler and cheaper to construct and do not require
alignment of focussing or collimating means. In addition, the devices are suitable for
display devices which are not to be used for overhead projector applications. The
devices have the potential for a much wider angle of view or much wider angle of
polarized illumination. The use of a circular polarizing element which is not of a high
optical quality (e.g. consisting of a plurality of separate flakes supported on a light
transmissive substrate) may significantly reduce the cost of manufacture.
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CLAIMS

A device for backlighting a liquid crystal panel, comprising a source of light
(1), a quarter wave retarder (3), and a circularly polarizing element (2) being
arranged between the source and the retarder, such that in operation light from
the source passes through the circularly polarizing element and through the
quarter wave retarder, thereby providing plane-polarized light for backlighting
a liquid crystal panel, characterized in that the light being supplied to the
quarter wave retarder from the source is diffuse and/or un-collimated.

A device as claimed in claim 1 in which the source emits substantially
unpolarized light in operation.

A device as claimed in any preceding claim in which the circularly polarizing
element comprises an aligned chiral liquid crystal material.

A device as claimed in any preceding claim in which the circularly polarizing
element comprises a plurality of chiral liquid crystal laminae, each lamina
having a respective reflection characteristic.

A device as claimed in claim 4 in which the circularly polarizing element
comprises a plurality of flakes of an aligned chiral liquid crystal material which
is a solid at room temperature, the flakes being carried by a light transmissive
member.

A device as claimed in any preceding claim in which the source of light is
constituted by a luminescent element.

A device as claimed in claim 6 in which the luminescent element comprises a
planar layer of luminescent material.

A device as claimed in claim 1 further comprising a liquid crystal panel backlit
by the source of light in operation.

A device as claimed in claim 8, in which the source of light is constituted by a
luminescent element being of approximately equal area to the liquid crystal
panel.



WO 96/18129 PCT/GB95/02628

17

Fig.1. 4

3 /|

1 P
A [ N
N gl N

‘7 B\l
N oy N

NS gt J —-
N~ [ N
N H R

N N [ N~

Q ~7 N
5 N

A

- 6 5 N

N _~
N
o™ ":'." N\
ox| | Q -
o |} N\
o*| |
o B N e
10— O 0l \ N\
o | | AN
o | 1 N
ol I N
Ol [+ NEnd
i \
1’ 12’ N
3

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT Inte nal Applicaton No

PCT/GB 95/02628

A. CLASSIFICATION OF S%BJECF MATTER

TPC 6 GO2F1/1335

According to [nternagonal Patent Clasaficaton (IPC) or to both natonal classificavon and [PC

B. FIELDS SEARCHED

IPC 6 GO2F

Mintmum documentation searched (classification system followed by classificaton symbols)

Documentation searched other than mimimumn documentaton to the extent that such documents are included in the fields searched

Electronic data base consuited during the internatonal search (name of data base and, where practcal, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citaton of document, with indicauon, where appropnate, of the relevant passages

see page 4, line 38 - page 7, line 06

X EP,A,0 606 939 (PHILIPS N.V) 20 July 1994 1-5
Y see column 9, line 05 - column 14, line 25 6-9
Y EP,A,0 275 601 (PHILIPS N.V) 27 July 1988 6-9

D Further documents are listed in the continuation of box C.

Patent family members are listed in annex.

* Speaial categones of cited documents :

“A° document defining the gencral state of the art which is not
considered 1o be of particular relevance

“E" earlier document but published on or after the internatonal
filing date

"L° document which may throw doubts on prionty claim(s) or
which 1s cited to establish the publicaton date of another
cataton or other special reason (as specified)

"O° document referring to an oral disclosure, use, exhibinon or
other means

"P" document published pnor to the international filing date but
later than the pnionty date clamed

“T* later document published after the international filing date
or prionity date and not in conflict with the applicaton but
cited to understand the pnincipie or theory underlying the
inventon

“X* document of particular relevance; the claimed invention
cannot be considered novel or cannot be considered 0
involve an inventive step when the document 1s taken alone

"Y* document of particular relevance; the caimed invention
cannot be considered to involve an tnvenuve step when the
document 1s combined with one or more other such docu-
ments, such comtenation being obvious to a person skalled
in the art.

“&° document member of the same patent famuly

Date of the actual completion of the internatonal search

14 March 1996

Date of mailing of the international search report

2203 9%

Name and mailing address of the [SA

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+ 31-70) 340-2040, Tx. 31 651 epo nl,
Fax ( + 31-70) 340-3016

Authonzed officer

Diot, P

Form PCT/1SA/210 (second sheet) (July 1992)

Relevant to claim No.




INTERNATIONAL SEARCH REPORT Inter  nal Application No
.alormaton on pawnt family members PCT/GB 95/02628

Patent document Publication Patent family Publication
cited in search report date member(s) date
EP-A-606939 20-07-94 CN-A- 1092528 21-09-94
JP-A- 6324333 25-11-94
EP-A-275601 27-07-88 AU-B- 8293687 30-06-88

CA-A- 1274613 25-09-90
DE-D- 3788274 05-01-94
DE-T- 3788274 19-05-94
JP-A- 1173091 07-07-89
US-A- 4882617 21-11-89

Form PCT/ISA/210 (patent family annex) (July 1992)



	Abstract
	Bibliographic
	Description
	Claims
	Drawings
	Search_Report

