
COMPOSITE OPTICAL DESTRUCTIVE ELECTRODE FORHIGH
CONTRAST ELECTROLUMINESCENT DEVICES Field of the
Invention [0001] The present invention generally
relates to electroluminescent devices such as
organic/polymeric light emitting devices (OLED/PLEDs).
In particular, the invention relates to reducing
reflectivity and enhancing the contrast in OLED/PLEDs
by having a composite optical destructive layer.
Background of the Invention [0002] OLED/PLEDs have in
recent years been actively used in Flat Panel Displays
(FPDs) technology. Both organic and polymeric light
emitting devices will hereinafter be referred to as
OLEDs. [0003] An OLED is made up of at least two
electrodes (a cathode and an anode), with an
electroluminescent stack sandwiched between the two
electrodes. The electroluminescent stack may further
comprise of several layers, examples of which are:
light emitting layer, hole transport layer and
electron transport layer. The working principles of
OLEDs are well known in the art and need not be
further discussed here. [0004] The electrodes of OLEDs
are often made of metal or are formed on rigid or
flexible substrates which are both highly reflective.
When using such OLEDs in FPDs, this becomes a genuine
concern. The metal electrodes of the OLEDs making up
the FPD acts collectively like a mirror and
disadvantageously reflects ambient light away from the
FPD. This causes the FPD to exhibit low visual
contrast and 



poor legibility. Similarly, when electrodes are formed
on highly reflective glass-likesubstrates reflection
of ambient light off these glass-like substrates also
causes low visual contrast and poor legibility. [0005]
Present attempts at reducing this reflection of
ambient light in OLEDs are disadvantageous^ expensive.
[0006] Polarizer films have been used to enhance
liquid crystal displays to good effect and can be
similarly applied for FPDs. However, the adding of the
polarizer film constitutes an additional bonding step
to the production of the FPD. This aside, polarizer
films are subjective to humidity and temperature
environments, as such, the operating condition of the
FPD is constrained to a limited range of humidity and
temperature of the polarizer films. This also results
disadvantageously in the inclusion of a material not
inherently part of the manufacturing process of the
FPD. This eventually results in higher costs. [0007]
Aziz et al in US Patent Application Publication No.
2003/003 8593Al teaches an electrically conductive
light absorbing layer at the cathode of a bottom
emitting OLED. This electrically conductive light
absorbing layer serves to absorb reflected ambient
light from the cathode and improves the overall
contrast and legibility. This light absorbing layer is
typically made of a mixture of organic and metal and
is placed between the cathode and the organic layer.
[0008] There are also other methods using additional
light absorbing layers of a variety of different
materials. However, they essentially address the
reducing of reflected ambient light by incorporating a
low reflectivity composite cathode that requires an
additional step for device optimization. 



[0009] It can thus be seen that there exists a need
for a simple and effective way for reducing ambient
light reflection of OLEDs.Summary of the Invention
[0010] The present invention seeks to provide a
composite optical destructive layer and composite
optical destructive electrode for reducing
reflectivity and enhancing visual contrast in OLEDs.
[0011] Accordingly, in one aspect, the present
invention provides, an electroluminescent device
comprising: a first electrode; a second electrode; an
electroluminescent stack formed between the first
electrode and the second electrode; the
electroluminescent stack comprising at least one light
emitting layer; and a composite optical destructive
layer formed on at least one of the first electrode
and the second electrode for reducing reflection of
ambient light; wherein the composite optical
destructive layer is formed from at least a variant of
a parent material forming at least one of the first
electrode and the second electrode. [0012]
Accordingly, in another aspect, the present invention
provides, an electroluminescent device comprising: a
first composite optical destructive electrode capable
of reducing reflection of ambient light; a second
electrode; and an electroluminescent stack formed
between the first composite optical destructive
electrode and the second electrode; the
electroluminescent stack comprising at least one light
emitting layer; wherein the first composite optical
destructive electrode exhibits a gradient of varying
degrees of refractive index. [0013] In yet another
aspect, the present invention provides, a bottom
emitting organic light emitting device comprising: a
substantially transparent first electrode; a 



second electrode; an electroluminescent stack formed
between the substantially transparent first electrode
and the second electrode; the electroluminescent stack
comprising at least one light emitting layer; a
composite optical destructive layer forreducing
reflection of ambient light formed on the
substantially transparent first electrode; wherein the
composite optical destructive layer is formed from at
least a variant of a parent material forming the
substantially transparent first electrode. [0014] In
yet a further aspect, the present invention provides,
a top emitting organic light emitting device
comprising: a first electrode; a substantially
transparent second electrode; an electroluminescent
stack formed between the first electrode and the
second substantially transparent electrode; the
electroluminescent stack comprising at least one light
emitting layer; a composite optical destructive layer
for reducing reflection of ambient light formed on the
substantially transparent second electrode; wherein
the composite optical destructive layer is formed from
at least a variant of a parent material forming the
substantially transparent second electrode. Brief
Description of the Drawings [0015] A preferred
embodiment of the present invention will now be more
fully described, with reference to the drawings of
which: [0016] FIG.l illustrates prior art a) bottom
emitting OLED and b) top emitting OLED; [0017] FIG.2
illustrates a) bottom emitting OLED and b) top
emitting OLED iin accordance with the present
invention; [0018] FIG.3 illustrates a) bottom emitting
OLED and b) top emitting OLED in accordance with
another embodiment of the present invention; 



[0019] FIG.4 illustrates an example of a bottom
emitting OLED structure in accordance with the present
invention; and[0020] FIG.5 illustrates a graph of
reflectance of a bottom emitting OLED of FIG.4.
Detailed description of the Drawings [0021] A light
absorbing electrode for OLEDs with a preferred
embodiment and an alternate embodiment is described.
In the following description, details are provided to
describe the preferred and the alternate embodiment.
It shall be apparent to one skilled in the art,
however that the invention may be practiced without
such details. Some of the details may not be described
at length so as not to obscure the invention. [0022]
OLEDs can be further classified into bottom emitting
and top emitting OLEDs. Referring to FIG. Ia, a
typical bottom emitting OLED 10 comprises a
substantially transparent first electrode 12 formed on
a rigid or flexible transparent substrate 13 and an
electroluminescent stack 15 formed between the
substantially transparent first electrode 12 and a
second electrode 14. The electroluminescent stack 15
will further comprise at least a light emitting layer
for producing illumination 17 viewable through the
substantially transparent first electrode 12 and
transparent substrate 13. [0023] Referring to FIG. Ib,
atop emitting OLED 20 comprises a first electrode 22
formed on a substrate 23 and a substantially
transparent second electrode 24. An electroluminescent
stack 25 is formed between the first electrode 22 and
the substantially transparent second electrode 24.
Similarly, the electroluminescent 



stack 25 also comprises at least one light emitting
layer for producing illumination 17 viewable through
the substantially transparent cathode 24.[0024] The
second electrode 14 of the bottom emitting OLED 10 and
the first electrode 22 of the top emitting OLED 20 are
often made of metal or have highly reflective
surfaces. This metal electrodes or highly reflective
surfaces reflect ambient light which causes low
contrast and poor legibility in FPDs made from these
OLEDs. [0025] The present invention in one embodiment
introduces a composite optical destructive layer into
the OLED which reduces the reflection of ambient light
from the OLED. The composite optical destructive layer
is advantageously made of materials already found in
the manufacturing process of the OLED and also by
manufacturing processes inherent in the manufacture of
the OLED. More particularly, the composite optical
destructive layer is made from a variant of a parent
material used to form one of the electrodes of an
OLED. The variant material differs from the parent
material in that the variant material is oxygen
deficient. [0026] The oxygen deficiency in the variant
material causes the variant material to have a change
in refractive index from that of the parent material.
The composite optical destructive layer that is made
from the variant material is then able to absorb
incident ambient light as well as reflected ambient
light from the electroluminescent device. [0027] In
another embodiment, the composite optical destructive
layer may further be incorporated into one of the
electrodes of an OLED resulting in a composite 



optical destructive electrode. The composite optical
destructive electrode comprises a gradient of varying
degrees of oxygen deficiency in the material that is
used to form the electrode. The composite optical
destructive electrode further exhibits a gradient of
varying degrees of refractive index caused by the
varying oxygen deficiency. The composite optical
destructive electrode is thus also able to
absorbincident ambient light as well as reflected
ambient light from the electroluminescent device.
[0028] Referring to FIG.2a, a bottom emitting OLED 30
in accordance with the present invention has the
composite optical destructive layer 35 formed between
the transparent substrate 13 and the substantially
transparent first electrode 12. The composite optical
destructive layer 35 is made from a highly oxygen
deficient variant of the substantially transparent
first electrode 12. [0029] The substantially
transparent anode 12 of the bottom emitting OLED 30 is
typically made of a transparent conductive oxide
(TCO). The composite optical destructive layer 35 of
the bottom emitting OLED 30 is advantageously made of
substantially the same TCO, but exhibiting high oxygen
deficiency. The oxygen deficiency in the TCO alters
the optical properties of the TCO causing the oxygen
deficient TCO of the composite optical destructive
layer 35 to absorb incident ambient light and
reflected ambient light from the second electrode in
OLED 30. [0030] The composite optical destructive
layer 35 in accordance with the present invention may
be advantageously made of the same material as the
substantially transparent first electrode 12 of the
bottom emitting OLED 30. The composite optical
destructive layer 35 may also be made from a
combination of different 



materials. Furthermore, processes for forming the
composite optical destructive layer 35 may be similar
to that of forming of the substantially transparent
first electrode 12. However, to modify the TCO which
is the material forming the substantially transparent
first electrode 12 to obtain the composite optical
destructive layer 35, some modification of these
processes are required. [0031] The forming of the TCO
layers (substantially transparent first electrode 12
and the relatively transparent composite optical
destructive layer 35) may beperformed by thin film
deposition of which examples are RF and DC magnetron
sputtering in the presence of hydrogen in a gas
mixture or other reducing species or ions that enable
to alter the optical properties of the depositing
film. The RF or DC Magnetron sputtering of TCO is
performed in an argon/hydrogen gas mixture so as to
provide the presence of hydrogen ions. By varying the
partial pressure of the hydrogen gas in the gas
mixture, the level of oxygen deficiency in the TCO may
also be varied. The composite optical destructive
layer 35 is thus formed from a highly oxygen deficient
variant of the TCO used to form the substantially
transparent first electrode 12. [0032] When using
other methods for thin film deposition, such as DC
magnetron sputtering, reactive thermal evaporation,
e-beam and CVD; providing a oxygen deficient
environment during the thin film deposition would also
serve to form the oxygen deficient TCO thereby forming
the composite optical destructive layer 35. [0033] The
composite optical destructive layer may be
incorporated into the electrodes of the OLED resulting
in a composite optical destructive electrode. The
composite optical destructive electrode exhibits a
gradient of varying degrees of 



refractive index caused by the varying oxygen
deficiency in its material. [0034] Referring to Fig.3
(a), the composite optical destructive first electrode
42 of a bottom emitting OLED 50 in accordance with the
present invention comprises a gradient of varying
degrees of oxygen deficiency in the material, which is
used to form the electrode. [0035] The composite
optical destructive electrode 42 may further be made
from a single material having varying oxygen
deficiencies or a combination of different materials.
The composite optical destructive electrode 42 may
also be described to be a semi-transparent stack. Its
relative transparency allows the passage of
lightemitted from the light emitting layer of the
electroluminescent stack but absorbs the incident
ambient and reflected ambient light from the OLED.
This ultimately increases the contrast of the OLED.
[0036] When forming the composite optical destructive
first electrode 42 using RF or DC Magnetron sputtering
in an argon/hydrogen gas mixture, varying the partial
pressure of the hydrogen gas results in varying the
level of oxygen deficiency in the TCO deposited. The
process of forming the composite optical destructive
first electrode 42 may then be performed in a single
continuous deposition of TCO, while varying the oxygen
deficiency to obtain a gradient of varying degrees of
oxygen deficiency in the electrode. This is
advantageously a single process step as the material
and process used to form the composite optical
destructive first electrode is essentially the same.
[0037] Referring to FIG.2b, a top emitting OLED 40 in
accordance with the present invention has a composite
optical destructive layer 45 formed on the
substantially 



transparent second electrode 24. The rest of the
structure of the present top emitting OLED 40 is
similar to that of the conventional top emitting OLED
20 in FIG. Ib. [0038] The composite optical
destructive layer 45 of the top emitting OLED 40 is
also made from substantially the same material as the
substantially transparent second electrode 24. They
are essentially made from Transparent Conductive
Oxides (TCOs). The composite optical destructive layer
45 being formed from a highly oxygen deficient variant
of the TCO used to form the substantially transparent
second electrode 24 of the top emitting OLED 40.[0039]
Methods of forming the composite optical destructive
layer 45 of the top emitting OLED 40 are typically
similar to the forming of the composite optical
destructive layer 35 of the bottom emitting OLED 30.
[0040] Similarly, the composite optical destructive
layer 45 of the top emitting OLED 40 may further be
incorporated into the substantially transparent second
electrode 24 to form a single composite optical
destructive second electrode 54 as in FIG.3b. [0041]
The composite optical destructive second electrode 54
of the top emitting OLED 60 is very much similar to
the composite optical first electrode 42 of the bottom
emitting OLED 50. The composite optical destructive
second electrode 54 also comprises a gradient of
varying degrees of oxygen deficiency in the TCO that
is used to form the electrode. The composite optical
destructive second electrode 54 is then able to absorb
incident ambient light as well as reflected ambient
light from the OLED. 



[0042] An example of a bottom emitting OLED structure
in accordance with the present invention is shown in
FIG.4. The bottom emitting OLED 70 comprises a
transparent substrate 13 formed on the composite
optical destructive layer 35 made of a highly oxygen
deficient Indium tin oxide (ITO). The substantially
transparent first electrode 12 follows and is made
from transparent ITO of about 130nm thickness. The
next layer is a hole-transport layer 16 made from NPB
and the light emitting layer 18 formed from AIq of
75nm thickness. Together these two layers, the
hole-transport layer 16 and the light emitting layer
18 form the electroluminescent stack 15. The last
layer is then the second electrode 14 which is made
from lOnm of Calcium and 200nm of Silver.[0043]
Referring to FIG.5, experimental results of
reflectance measurements of bottom emitting OLEDs when
exposed to a ambient light having a range of
wavelengths of the above example with different
thickness of composite optical destructive layer 35 is
shown. Line 100 shows the high reflectance readings of
the bottom emitting OLED 70 when the composite optical
destructive layer 35 is not present (i.e. 0 nm).
[0044] Line 110 is the reflectance of the bottom
emitting OLED 70 having the composite optical
destructive layer 35 of thickness HOnm, and line 120
having a thickness of 400nm. The reflectance readings
clearly indicate that with the incorporation of the
highly oxygen deficient ITO as the composite optical
destructive layer 35, the reflected ambient light from
the bottom emitting OLED 70 is reduced as much as 60%.
[0045] While the above example uses ITO as the TCO in
the electrodes and the 



composite optical destructive layers, other materials
may further be considered. Some non-limiting examples
of TCOs are aluminum-doped ZnO, SnO , Ga-In-Sn-O
(GITO), Zn-In-Sn-O (ZITO)5 Ga-In-O and Zn-In-O. These
materials can be used individually or in a combination
of different materials. [0046] The concept of
composite optical electrode can also be used in other
types of light-emitting devices. When a transparent
rigid or flexible substrate is used for the
electroluminescent devices, a high contrast FPD may
also include a suitable antireflective layer on the
opposite side of the substrate. It will be appreciated
that various modifications and improvements can be
made by a person skilled in the art without departing
from the scope of the present invention.Claims 1. An
electroluminescent device comprising: a first
electrode; a second electrode; an electroluminescent
stack formed between said first electrode and said
second electrode; said electroluminescent stack
comprising at least one light emitting layer; and a
composite optical destructive layer formed on at least
one of said first electrode and said second electrode
for reducing reflection of ambient light; wherein said
composite optical destructive layer is formed from at
least a variant of a parent material forming at least
one of said first electrode and said second electrode.
2. The electroluminescent device of claim 1, wherein
said composite optical 



destructive layer is formed from at least an oxygen
deficient variant of said parent material forming at
least one of said first electrode and said second
electrode. 3. The electroluminescent device of claim
2, wherein said oxygen deficient variant of said
parent material is formed in an oxygen deficient
environment. 4. The electroluminescent device of claim
3, wherein the composite optical destructive layer is
formed by RF/DC magnetron sputtering in a gas mixture
capable of forming said oxygen deficient variant of
said parent material. 5. The electroluminescent device
of claim 4, wherein said gas mixture comprises
hydrogen gas6. The electroluminescent device of claim
4, wherein said gas mixture comprises reducing gases
suitable for forming said oxygen deficient variant of
said parent material 7. The electroluminescent device
of claim 5, wherein partial pressure of hydrogen in
said gas mixture is varied to form said oxygen
deficient variant of said parent material. 8. The
electroluminescent device of claim 1, wherein said
parent material is a Transparent Conductive Oxide. 9.
The electroluminescent device of claim 8, wherein said
composite optical destructive layer may be formed from
a combination of different materials. 10. The
electroluminescent device of claim 8, wherein said
composite optical destructive layer may be formed from
a combination of one or more of the following:
aluminum-doped ZnO, SnO2, Ga-In-Sn-O (GITO),
Zn-In-Sn-O (ZITO), Ga-In-O, Zn-In-O and other organic
or inorganic materials that are suitable for the
purpose. 11. An electroluminescent device comprising:
a first composite optical destructive electrode
capable of reducing reflection of ambient 



light; a second electrode; and an electroluminescent
stack formed between said first composite optical
destructive electrode and said second electrode; said
electroluminescent stack comprising at least one light
emitting layer; wherein said first composite optical
destructive electrode exhibits a gradient of varying
degrees of refractive index.12. The electroluminescent
device of claim 113 wherein said gradient of varying
degrees of refractive index material is formed by
varying oxygen deficiency in at least one material
forming said first composite optical destructive
electrode. 13. The electroluminescent device of claim
11, wherein said first composite optical destructive
electrode is formed by RF/DC magnetron sputtering in a
gas mixture capable of forming said varying degrees of
oxygen deficient material. 14. The electroluminescent
device of claim 11, wherein said gas mixture comprises
hydrogen gas. 15. The electroluminescent device of
claim 14, wherein partial pressure of hydrogen gas in
said gas mixture is varied to form said varying
degrees of oxygen deficient material. 16. The
electroluminescent device of claim 12, wherein said
material is a Transparent Conductive Oxide. 17. The
electroluminescent device of claim 16, wherein said
first composite optical destructive electrode may be
formed from a combination of different materials. 18.
The electroluminescent device of claim 16, wherein
said composite optical destructive layer may be formed
from a combination of one or more of the following: 



aluminum-doped ZnO, SnO2, Ga-In-Sn-O (GITO),
Zn-In-Sn-O (ZITO), Ga-In-O, Zn-In-O and other organic
or inorganic materials that are suitable for the
purpose. 19. A bottom emitting organic light emitting
device comprising: a substantially transparent first
electrode; a second electrode;an electroluminescent
stack formed between said substantially transparent
first electrode and said second electrode; said
electroluminescent stack comprising at least one light
emitting layer; a composite optical destructive layer
for reducing reflection of ambient light formed on
said substantially transparent first electrode;
wherein said composite optical destructive layer is
formed from at least a variant of a parent material
forming said substantially transparent first
electrode. 20. A top emitting organic light emitting
device comprising: a first electrode; a substantially
transparent second electrode; an electroluminescent
stack formed between said first electrode and said
second substantially transparent electrode; said
electroluminescent stack comprising at least one light
emitting layer; a composite optical destructive layer
for reducing reflection of ambient light formed on
said substantially transparent second electrode;
wherein said composite optical destructive layer is
formed from at least a variant of a parent material
forming said substantially transparent second
electrode. 


