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ELECTROLUMINESCENT ILLUMINATION SYSTEM AND A FLAT-PANEL PICTURE DISPLAY
DEVICE PROVIDED WITH SUCH A SYSTEM

The invention relates to an illumination system having an active layer
which comprises an electroluminescent material and is present between an optically
transparent electrode layer and a reflective electrode layer.

The invention also relates to a flat-panel picture display device comprising
such an illumination system.

An illumination system of the type described in the opening paragraph is

_known from, for example, the article: "Polymer LEDs" by R. Friend, D. Bradley and A.

Holmes in Physics World, November 1992, pp. 42-46. The illumination system described in

this article comprises a semxconductor polymer film as an active layer which is formed on a

first electrode layer which, in its turn, is provided on a glass substrate. A second electrode
layer is provided on the polymer film. One of the two electrode layers should be optically
transparent so as to pass light in a direction perpendicular to the plane of the illumination -
system. If a voltage is applied across the two electrode layers, the active layer emits light in
accordance with the process of electroluminescence. The active layer and the two electrode
layers jointly constitute a planar light-emitting diode (LED). Such an illumination system is
particularly suitable for use as, for example, background lighting for a picture display device
having a liquid crystalline picture display panel.

In a large number of ﬂat-panel plcture display devices comprising a hqu:d
crystalhne pxcture display panel for generatmg the pxcture tobe dlsplayed the state of =
polarization of the light incident on the picture display panel is modulated in conformity thh

' the picture information. To this end, the light incident on the picture display panel is

preferably polarized ‘in advance, which means that the illumination system must supply

_polarized light. To be able to realize this, for example, a dichroic polarizer may be arranged

on the surface of the illumination system facing the picture display panel. A drawback is,
however, that approximately 50% of the light supplied by the illumination system is absorbed
by this polarizer and, consequently, will not contribute to the light output of the illumination
system.

Another possibility of having the illumination system supply polarized
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light is to ensure that the active layer of the planar LED emits polarized light itself. An
example of such a LED is described in the international Patent Application WO 92/16023. A
drawback is the relatively low polarization efficiency, so that a considerable part of the
emitted light does not have the suitable state of polarization to be modulated, so that it will
not contribute to the formation of the picture.

It is an object of the invention to provide an electroluminescent
illumination system in which substantially all the light emitted by the active layer has the
same state of polarization when it is coupled out of the illumination system, which state of
polarization is suitable to be modulated with picture information by a liquid crystalline
picture display panel. In this way, the light output of light usable for the formation of the
picture is enhanced'considerably. It is possible to give such an illumination system a very flat
shape. ' |

To this end, the illumination system according to the invention is
characterized in that a reflective polanzer is present at a side of the transparent electrode
layer facmg away from the active layer

When a voltage is applied across the electrode layers, one electrode layer,
namely the cathode, will inject electrons into the active layer, while the other electrode layer,
the anode, will inject holes in this layer. These holes and electrons recombine in the active
layer, resulting in energy being released so that the molecules of the active layer reach a
higher energy level. When a molecule falls back to its basic state, this energy is released as
light. The light may be coupled out of the planar LED via the transparent electrode layer.

By providing a reflective polarizer on the transparent electrode layer, the
light which is passed by the électrode layer and which will generally be unpolarized will be
split up into two beam components havmg complementary states of polarization. If the
polarizer is a circular polanzer, an unpolanzed beam will be split up into a levorotatory
circularly polarized beam component and a dextrorotatory circularly polarized beam
component. If the polarizer is linear, the two beam components will have mutually
perpendicular linear polarization directions.

One beam component will be passed by the reflective polarizer and
coupled out of the rllununatron system, whereas the other beam component will be reflected
in the illumination system in which it will kiave as yet a chance of being converted into light
having the desired state of polarization as a result of depolarization in the active layer and
one or more reflections on the reflective electrode layer.
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When used ina ﬂat-pancl plcmre display dc\nce, the reﬂccuve polarizer is
prcferably adapted in such a way that the state of polannnon for which the polarizer is

transmissive is the suitable state of polanmnon for the lxqun'l crystalline picture display

panel. This state of polarization will be further referred to as the desired state of
polarization.

~ The beam component reflected by the polanzer in other words, the
unwanted beam component, passes through the transparent electrode layer and the active

- layer towards the reflective electrode layer. Upon passage through the active layer, this beam

component will at least partly depolarize as a result of the bxrefnngence of this layer. In spite
of the small thickness of the active layer, this layer, for example, in the case of a polymer
LED, has a depolanzmg effect for lightata grazmg incidence because it holds for the
refractive indices that n, = n, > n,, in which z is the direction perpendxcular to the plane of
the active layer (x, y plane). Due to depolanzauon, the unwanted beam component falls apart
in a sub-beam component having the desired state of polanzanon and a sub-beam component
having the unwanted state of polarization. The sub-beam component having the desired state
of polarization will be passed towards the exit surface of the iliumination system at the next
time when it arrives at the reﬂccnve polanzer The sub-beam component having the
unwanted state of polarization remains in the illumination system so as to be converted into
light having the desired state of polanmuon After a number of reflections on the reflective
electrode layer and the reﬂectxve polanzer, hence after a number of passages through the
active layer, a large part of the light of the original unwanted beam component can also be
coupled out at the exit surface of the 111um|_n_anon system via the transparent electrode layer
and the reflective polarizer, which light has the desired state of polarization.

If the polarizer is a circular polarizer, the reflective electrode layer will
preferably be implemented as a specular reflector. In this case, the state of polarization is
inverted on the reflector and the conversion into light of the desired state of polarization is
effected more rapidly than in the case where only the brrefrmgence of the active layer
ensures the depolarization.

A reflective pola.nzer has the advantage that substanually no hght is
absorbed, but that the light ongmally havmg the unwanted state of polarization is recuperated
so that the greater part can as yet be converted into light having the desired state of
polarization. _ |

A first embodiment of the illumination system according to the invention
is characterized in that the reflective polnrizer is a cholesteric polarizer.
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A cholesteric polarizer is a polarizer which comprises a layer of liquid
crystalline material with a cholesteric ordering. Such a polarizer is particularly suitable as a
reflective polarizer. In this type of liquid crystalline material, the chiral molecules have such
a structure that they spontaneously order in solution to a helical or helix-like structure. This
helix-like structure can be directed in such a way that the axis of the helix will be transverse
to the layer.

When unpolarized light is incident on such a polarizer, the circularly
polarized beam component of the light matching the (dextrorotatory or levorotatory) direction
of the helix and whose wavelength matches the pitch of the helix will be reflected, whereas
the other beam component will be passed.

The reflection bandwidth A, of a cholesteric layer is given by:

N=120,+n)p

. in which p is the pitch of the molecular helix and n, and n, are the ordinary and

extraordinary refractive indices, respectively, of the material of the cholesteric layer. The
cholesteric polarizer may comprise a narrow-band cholesteric layer. This means that the
layer has a polarizing effect in a limited wavelength range, so that the polarized light will
have a color in conformity with this wavelength range.

A further embodiment of the illumination system according to the
invention is characterized in that the cholesteric polarizer is implemented as a single layer of
liquid crystalline polymer material, within which layer the pitch of the mol;cuhr helix varies
substantially continuously between two values which correspond to the lower limit and the
upper limit, respectively, of the reflection band required to cover the full visible wavelength
range. ' |

Since the pitch of the helix varies across the layer, a relatively large
reflection bandwidth can be achieved and it is even possible to cover the full visible
wavelength range with a single-layer cholesteric polarizer. For the same reflection
bandwidth, a single-layer cholesteric polarizer is thinner than a multilayer stack in which
each of the layers has a given bandwidth. |

A further advantage of a pitch which is variable across the layer of the
polarizer is that the reflection bandwidth can be chosen to be so wide that the band shift
occurring upon iight incidence at a large énglé with respect to the normal on the polarizer
does not have a great influence on the polarizing effect of the cholesteric layer.

For detailed information relating to the manufacture of a single-layer
cholesteric polarizer, reference is made to European Patent Application EP 0 606 940.
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_ A further embod:ment of the ﬂlummauon system accordmg to the
invention is charactenzed in that an n,A/4 plate is pmsent at the side of the cholesteric
polarizer facing away from the transparent. electrode

Since a cholesteric polarizer is a circular polanzer, a polanzauon
converter is to be provided if it is desirable that the illumination system supplies linearly
polarized light. An n.\/4 plate, and particularly a wideband n.\/4 plate, is very suitable for
this purpose. Such a plate is lmown per se from, for oxample, the article: "Retardation Film
for STN-LCD’s "NRF*" of the firm of Nmo Denko i in SID *92 Exhibit Guide, Soclety for
Information Display, May 17-22 1992, Boston, Massachnsetts, USA. _

Another embodiment of the jllumination system according to the invention
is characterized in that the reflective polarizer is a linoar polarizer which is constituted by a
stack of layers, at least a number of which comprises birefringent material.

~ In this embodiment, the beam components are linearly polarized and,
consequently, an n.\/4 plate can be dispensed with. | |

Such a polanzer may be made by means of extrusion in a smgle step. An
example of such a polarizer is described extensively in United States Patent US-A §5,217,794.

A further embodnnent of the illun;ihai_ioh system according to the
invention is characterized in that the reflective polarizer and the transparent electrode layer

“have a common substrate,

Generally, the assembly oonsastmg of the two electrode layers with the
active layer in between is provided on a separate optxcal transparent substrate. If the
reflective polarizer is not a self-snppomng ﬁlm and will therefore have to be prov:ded ona
separate substrate, one of the substrates can now be dlspensed with. As a result, the number
of different layers can be reduced. '

In practice, the cholestenc polanzer will function as the substrate for the
transparent electrode layer and for the assembly consisting of the two electrode layers with
the active layer in between. o

A further embodiment of the 1llummauon system according to the
invention is charactenzed in that the electrolummescent material is an oriented orgamc
compound which generaﬁes polanzed light upon energxzauon of the electrode layers

The provision of a polarizer i is not only advantageous if the active layer
supplies unpolarized light, but also if the active layer 1tself supphes already polarized light
such as an oriented organic compound for example, a polymer which is stretched in one
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direction. In fact, such a material does not have such a high polarization efficiency, so that a
much higher light output can be realized by providing such an illumination system also with
a polarizer. ' '

_ A further embodiment of the illumination system according to the
invention is characterized in that a /4 plate is present between the reflective polarizer and
the transparent electrode layer. ' : .

Since the liglit generated by an oriented organic compound is at least
partly linearly polarized, an extra n.\4 plate is to be arranged between the transparent
electrode and the reflective polarizer, if the polarizer is a circular polarizer, so as to convert
the linearly polarized light into circularly polarized light.

These and other aspects of the invention will be apparent from and
elucidated with reference to the embodiments described hereinafter.

In the drawings:

Fig. 1 shows an embodiment of an illumination system according to the

invention, and '
Fig. 2 shows an embodiment of a flat-panel picture display device

provided with an illumination system according to the invention.

The electroluminescent illumination system 1 shown in Fig. 1 has an
optically active layer 3 of electroluminescent material. The layer 3 is surrounded by two
electrode layers 5, 7. One of the electrode layers, for example layer S, is optically
transparent. This electrode layer 5 ensures the injection of holes in the layer 3 of active
material. It is referred to as the anode. Suitable material for this electrode layer § is, for
example, indium-tin oxide (ITO) or a transparent electrically conducting polymer layer such
as polyaniline (PANI). The other electrode layer 7, referred to as the cathode, is reflective
and ensures the injection of electrons in the active layer 3. The cathode consists of, for
example calcium, indium, aluminium, barium or magnesium.

'If an electric voltage is applied across the two electrode layers 5, 7 by
means of a voltage source 6, holes and electrons are injected in the active layer 3, where
they will recombine so that the molecules of this layer reach a higher energy level. If a
molecule falls back to a lower energy level, this energy is released in the form of light. This
process is known as electroluminescence. | | |

There are different possibilities for the material of the active layer 3. The
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electroluminescent material may be both orgamc and inorganic material. The use of i morgamc
materials such as, for example, II-V or I-VI semiconductors or phosphors for the active
layer is known per se. Metal chelate complexes such as, for example, 8-hydroxychinoline
aluminjum and semiconducting organic polymers such as, for example, poly
phenylenevinylene (PPV) are known as organic materials. These materials may function in a
single layer or in more layers as an active region. The advantage of polymer LEDs is that
the illumination system may be implemented in an extremely thin form, namely, as a film.
Moreover, in addition to the transparent and reflective electrode layers 5 7, extra layers may
be provided to raise the electron and hole injection, which enhances the efficiency of the
illumination system.

An illumination system as descnbed above supphes unpolanzzd light.
‘When the system is used in flat-panel picture display devices with a liquid crystalline picture
display panel, it is desirable in a large number- of cases that the light to which the picture
information is to be supplied by the picture display panel has already been polarized in
advance, because the picture display pane! modulates the state of polarization of light
incident thereon. This means that the illumination system preferably supplies polarized light.
To be able to realize this, the present invention proposes to provide a reflective polarizer 11
at the side 9 of the transparent electrode layer S facing away from the active layer 3. When
an unpolarized beam is incident on such a polarizer, this beam will be split into two beam
components having complementary states of polarization because one of the beam
components will be passed by the polarizer, whereas the other will be reflected. In practice,
it will be ensured that the polarizer is adapted in such a way that the beam component having
the state of polarization which is desirablg for the picture display panel is passe,d,' whereas
the beam component having the unwanted state of polarization is reflected in the illumination
system in which the beam component having the unwanted state of polarization g_eis a chance
of being converted as yet into light having the desired state of polarization.

When an electric fiéld is applied across the active layer 3 by applying an
electric voltage across the electrode layers 5, 7, light will be emitted by this layer 3 as a
result of electroluminescence. A large part of this lighi is ihcident via the transparent
electrode 5 on the reflective polanzer 11, so that one beam component is reﬂected in the
planar LED, whereas the other beam component is passed towards the exit surface 13 of the
illumination system 1. The beam component_haymg the unwanted state of polarization is sent
towards the reflective electrode layer 7 by the polarizer 11, via the optically active layer 3.
In the active layer 3, this beam component will at least partly depolarize due to the

R
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birefringence of this layer3 Consequently, the unwanted beam component falls apart into a
sub-beam component having the desired state of polarization and a sub-beam component
having the unwanted state of polarization. The sub-beam component having the desired state
of polarization will be passed upon arrival at the reflective polarizer and coupled out of the
illumination syétzm. The sub-beam comf)onem having the unwanted state of polarization will
be reflected by the reflective polarizer, at least partly depolarized again in the active layer,
etc. Light having the unwanted state of polarization is thus always reflected between the
reflective polarizer 11 and the reflective electrode layer 7 until conversion into light having
the desired state of polarization is achieved. '

When, for example, the active layer comprises a polymer, for light at a
grazing incidence the material is sufﬁciently birefringent to cause depolarization upon a
single passage. In fact, it holds for the refractive indices that n, = n, > n,, in which the z
direction is located perpendicularly to the plane of the active layer 3 (x, y plane). If there is
less birefringent material, more than one passage may be necessary to cause depolarization.

The light having the unwanted state of polarization is thus not absorbed
but recuperated so that it will as yet get a chance of being converted into light having the
desired state of polarization. - '

The reflective polarizer 11 may be implemented in different ways. In a
first embodiment, the polarizer 11 comprises a layer of liquid crystalline material having a
cholesteric ordering. In this type of liquid crystalline material, the chiral molecules have such
a structure that they spontaneously order in solution to a helical or helix-like structure having
a pitch p. This helix-like structure can be directed in such a way that the axis of the helix
will be transverse to the layer.

When unpolarized light is incident on such a polarizer, the beam
component of the light matching the (dextrorotatory or levorotatory) direction of rotation of
the helix and whose wavelength matches the pitch p of the helix will be reflected, whereas
the other circularly polarized beam component will be passed. The reflection bandwidth A\, of
a cholesteric layer is given:

| N=120,+n)p
Here, p is the pitch of the molecular helix and n, and n, are the ordinary and the
extraordinary refractive indices, respectively, of the liquid crystalline material.

The cholesteric polarizer may be composed of a plurality of layers within
which the pitch is constant but in which each layer is active in a different wavelength range.
The different wavelength ranges may be chosen to be such that all layers combined cover the
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full visible wavelength range. In thxs way, it is possnble to use the illumination system in a
color picture display device, provided that the active layer of the illumination system emits
light in the full visible wavelength range.

_ ‘The cholesteric polarizer preferably consists of a smgle layer of liquid
crystalline material within which the pxtch of the molecular helix varies substantially
continuously between two values whmh conespond to the lower fimit and the upper limit,
respectively, of the reflection band required to cover the full visible wavelength range. In
this way, it is sufficient to use a much thinner polarizer than in the case using stacked layers.
A further advantage is that a single-layer polarizer has a better optical quality. The quality of A
cholesteric polarizers decreases with an increasing number of layers, due to errors which are l
typical of cholesterics. Moreover, the range of angles of incidence of light to be polarized,
within which the polanzer is effective, decreases with an increasing thickness. An advantage )
ofa polarizer consisting of a single cholesteric layer is that the bandwidth may be chosen to
be so large that the band shift occurring upon '.light, incidence at a large angle with respect to
the normal on the polarizer does not have a detrimental influence on the polarizing effect. In
fact, upon non-perpendicular incidence on the cholesteric layer, there is an extra
birefringence which increases with an increasing angle of incidence.

: Another possibility of manufactunng a cholesteric polarizer is to stack a
plurality of cholesteric layers, at least a number of which have a pitch varying substantially
continuously across the layer thickness. In this way, it is sufficient to use a much smaller
number of layers than in the first-mentioned case. -

It is to be noted that it is known per se that cholesteric layers are suitable
as polarizers. Cholesteric polarizers are known, for example, from the article: "Polarizing
Color Filters made from Cholesteric LC Silicones” by R. Maurer et al. in SID International
Symposium 1990, Digest of Technical Papers, pp. 110-113.

If the polarizer 11 is a circular polarizer, the reﬂecnve electrode layer 7 is
preferably implemented as a specular reflector. A circular state of polarization is inverted
thereby, so that the conversion into light having the desired state of polarization can be
effected more rapidly than in the case where single depolarization occurs as a result of
birefringence of the material of the active layer. .

If the polarizer 11 is a circular polanzer and if linearly polarized light is
desired, the illumination system 1 may be provided with an n.\4 plate 15 for converting the
light which is circularly polarized by the polarizer 11 into linearly polarized light. The n.\/4
plate 15 is preferably provided on the 'exit surface 13 of the illumination system 1. The n.\4

R ]
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pliie may be wavelengtf;?ééhsiﬁve but preferably has a wxde bmd In this case, color pictures
can be displayed, provided that the polarizer 11 is also active in the full visible wavelength
range and the active layer emits light in this wavelength range. Such an n.M4 plate is known
from, for example, the article: "Retardation Film for STN-LCD’s "NRF’" of the firm of
Nitto Denko in SID 92 Exhibit Guide, Society for Information Display, May 17-22, 1992,
Boston, Massachusetts, USA.

| The cholesteric layer may be a self-supporting film. If this is not the case,
this layer should be provxded on a substrate. If the active layer 3 is a polymer film, the LED
is generally also provided on a substrate, for example, a glass or a synthetic material plate.
By providing the LED 3, 5, 7 and the polarizer 11 at each side of the same substrate, the
second substrate may be dispensed with so that the number of different layers is limited.

"The reflective polarizer may alternatively be implemented as a linear

polarizer comprising a stack of birefringent layers or a stack of layers being alternately
birefringent and non-birefringent. Such a polarizer may be made in a Single step by means of
extrusion, an example of ‘which is described in United States Patent US-A 5,217,794. In this
case, the n.\/4 plate may be dispensed with.

It is known from literature, for example, from the international Patent
Application WO 92/16023 that the polymer may be stretched in one direction if the active
layer of the planar LED is a polymer film, so that the emitted light is already polarized.
Since its polarization efficiency is relatively low, it is advantageous to provide a reflective
polarizer also in an illumination system in which the active layer is formed by such a
polymer.

The polarized light supplied by such a LED is linearly polarized. If the
polarizer 11 is a circular polarizer, an extra n.\4 plate 14 is to be arranged between the
transparent electrode layer 5 and the polarizer 11 in order that this light can reach the exit
surface 13 of the illumination system 1. The light emitted by the LED then passes through
the electrode layer 5 towards the \/4 plate 14. Here, the linearly polarized light is converted
into circularly polarized light. The desired beam component is passed by the reflective
polarizer 11 and subsequently converted again into linearly polarized light by the A/4 plate
15, if linearly polarized light is desired.

The n.\4 plate 15 is required if the reflective polarizer 11 is a circular
polarizer and if the illumination system 1 is to supply linearly polarized light, irrespective of
whether the active layer 3 supplies at least partly lineasly polarized light or unpolarized light.
The n.A\/4 plate 14 is required if the active layer 3 itself already supplies partly linearly
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polarized hght and if the reflective polarizer ll isa cn-cular polanzer Since both A/4 plates

| 14, 15 are only required in given cases, they are shown by way of broken lines in the

Figures.
. Fig. 2 shows an embodlmem ofa ﬂat-panel picture dxsplay device 17

wluch is provided with an illumination system according to the invention. The polanzed light
supplied by the illumination system 1 is incident on a p:cture dispiay panel 19 which will
modulate the state of polarization of the mcldent light with picture information. The picture
display panel 19 may compnse, for example, a hquld crystalline material and may be
provided with a matrix of pixels whose opexauon is based on the thswd-nematxc (TN), the
super twisted-nematic. (STN) or the ferro-electnc effect for modulaung the polarization
direction.

The modulated hght is subsequently 1nc1dent on an analyzer 21 before it
reaches the viewer 23. The analyzer 21 ensures that hght from these pixels in the picture
display panel, wluch p:xels must appear as dark p:xels in the ultimate picture, is obstructed.

By using an illumination systc_:m according to the 1ann, a verfy flat
picture display device having a relatively high brightness is obtained, because substantially all
the light emitted by the active layer is utilized for the formation of the picture.
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CLAIMS: .
AN AR 0
1. An illumination system having an active layer which comprises an

electroluminescent material and is present between an optically transparent electrode layer
and a reflective electrode layer, characterized in that a reflective polarizer is present at a side
of the transparent electrode layer facing away from the active layer.

2. An illumination system as claimed in Claim 1, characterized in that the
reflective polarizer is a cholesteric polarizer.

3. An illumination system as claimed in Claim 2, characterized in that the
cholesteric polarizer is implemented as a single layer of liquid crystalline polymer material,
within which layer the pitch of the molecular helix varies substantially continuously between
two values which correspond to the lower limit and the upper limit, réspectively, of the
reflection band required to cover the full visible wavelength range.

4, An illumination system as claimed in Claim 2 or 3, characterized in that
an n.\/4 plate is present at the side of the cholesteric polarizer facing away from the
transparent electrode.

S. An illumination system as claimed in Claim 1, characterized in that the
reflective polarizer is a linear polarizer which is constituted by a stack of layers, at least a
number of which comprises birefringent material.

6. An illumination system as claimed in any one of Claims 1 to §,
characterized in that the reflective polanzer and the transparent electrode layer have a
common substrate.

7. An illumination system as claimed in any one of the preceding Claims,
characterized in that the electroluminescent material is an oriented organic compound which
generates polarized light upon energization of the electrode layers.

8. An illumination system as claimed in Claim 7, in which the reflective
polarizer is a circular polarizer, characterized in that a A/4 plate is present between the
reflective polarizer and the transparent electrode layer.

9. A flat-panel picture display device comprising an illumination system for
supplying a polarized light beam, and a picture display panel for modulating the state of
polarization of the light beam supplied by the illumination system in conformity with picture
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information to be displayed, characterized in that the illumination system is an illumination
system as claimed in any one of the preceding Claims.

_—

O




