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ACTIVE MATRIX TYPE ORGANIC
ELECTROLUMINESCENT DISPLAY AND
METHOD OF MANUFACTURING THE SAME

BACKGROUND
[0001] 1. Field of the Invention
[0002] The present invention relates to an active matrix

type organic electroluminescent display (AMOLED) and a
method of manufacturing the same, and more particularly, to
an AMOLED and a method of manufacturing the same for
decreasing reflection of light from a display screen to
thereby obtain a high contrast ratio.

[0003] 2. Discussion of Related Art

[0004] In today’s information society, electronic display
devices are widely used for businesses, industries and
homes.

[0005] Electronic display devices can be categorized into
an emissive display device and a non-emissive display
device. The emissive display device displays light informa-
tion signals using a light emission phenomena and the
non-emissive display device displays the light information
signals by reflection, scattering, or interference of light. The
emissive display device includes a cathode ray tube (CRT),
a plasma display panel (PDP), a light emitting diode (LED),
and an electroluminescent display (ELD). The emissive
display device is called an active display device. Also, the
non-emissive display device, called a passive display device,
includes a liquid crystal display (LCD), an electrochemical
display (ECD), and an eclectrophoretic image display
(EPID).

[0006] The CRT has been the most widely used as tele-
vision receivers or monitors of computers. The CRT displays
a high quality image at a relatively low manufacturing cost.
Disadvantages of the CRT include its heavy weight, large
volume and high power consumption.

[0007] Recently, flat panel displays have become increas-
ingly popular. Flat panel displays have excellent character-
istics, for example, thin in thickness, light weight, low
driving voltage, and low power consumption. Such flat panel
display devices can be manufactured according to the rap-
idly improved semiconductor technology.

[0008] An electroluminescent (EL) element has been
given much attention by interested users. The EL element is
generally divided into an inorganic and an organic type
depending on materials used therefor.

[0009] The inorganic EL element is a device in which a
high electric field is applied to a light emitting part and
electrons are accelerated in an applied high electric field to
collide with a central region of the light emitting part, so that
the light emitting part is excited to thereby emit light.

[0010] The organic EL element is a device in which
electrons and holes are injected into a light emitting part
from a cathode and an anode, respectively, and injected
electrons and holes are combined with each other to generate
excitons, thereby emitting light when these excitons transi-
tion from an excited state to a base state.

[0011] The inorganic EL element needs a high driving
voltage of 100-200 V, whereas the organic EL element
operates at a low voltage of 5-20 V. Also, the organic EL
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element has superior properties such as wide viewing angle,
high response speed, high contrast and the like.

[0012] The organic EL elements can be applied to both of
an active matrix type display device and a passive matrix
type display device. The active matrix organic EL display
device 1s a display device that drives independently each of
the organic EL elements corresponding to a plurality of
pixels using switching elements such as a thin film transistor.
The organic EL display device is also referred to as an
organic electroluminescent display (OELD) or an organic
light emitting device (OLED). Hereinafter, the active matrix
organic EL display device is referred to as AMOLED.

[0013] FIG. 1 is a cross-sectional view of a conventional
AMOLED. Referring to FIG. 1, a blocking layer 12 com-
prised of silicon oxide is formed on an insulating substrate
10 made of glass, quartz, sapphire or the like. The blocking
layer 12 can be omitted but is preferably used to prevent
various impurities contained in the substrate 10 from being
penetrated into a silicon film during a subsequent process of
crystallizing an amorphous silicon layer.

[0014] On the blocking layer 12, there is formed a thin
film transistor (TFT) 30 including an active pattern 14, a
gate insulating layer 16, a gate electrode 18, an insulating
interlayer 20, and source/drain electrodes 26 and 28.

[0015] A passivation layer 32 is formed on the entire
surface of the substrate 10 including the TFT 30. On the
passivation layer 32, there is formed a pixel electrode 36
connected to any one of the source/drain electrodes 26 and
28 through a via hole 34. The pixel electrode 36 that
comprises a transparent conductive film of indium tin oxide
(ITO) or indium zinc oxide (IZO) is provided as an anode of
an organic EL element 50.

[0016] On the passivation film 32 and the pixel electrode
36, there is formed an organic insulating layer 40 having an
opening 42 exposing a portion of the pixel electrode 36. An
organic EL layer 44 is formed on the opening 42. As a
cathode of the organic EL element 50, a metal electrode 46
for a rear luminescence is formed on the organic EL layer 44.

[0017] According to the above described conventional
AMOLED, light generated from the organic EL element 50
is emitted to the outside through the underlying substrate on
which the TFT 30 is formed. Since the substrate on which
the TFT 30 is formed is arranged toward a display screen, an
external natural light incident into the display screen is
reflected from metal behind the screen, such as the inter-
connections for driving the TFT 30 and the metal electrode
46 of the organic EL element 50. The reflected light inter-
feres the view toward the screen by a user. And, since the
reflected light also exists during an OFF-state, it becomes
difficult to realize the black state.

[0018] One proposal to solve these problems is by using a
circular polarizing plate. However, the circular polarizing
plate itself blocks a portion of the light emitted from the
organic EL layer, decreasing luminance by about 60%.
Another proposed method is by using a cathode electrode
which is formed with a material having a low reflectivity.
However, only about 50% of the emitted light is emitted to
the outside. Further, light reflected from the TFT and the
metal interconnections still exists.



US 2003/0155860 Al

[0019] As described above, since an AMOLED has a low
aperture ratio and a large number of metal interconnections,
a non-luminescent area is mostly occupied by the metal
interconnections.

[0020] A need therefore exists for an AMOLED capable of
obtaining a high contrast ratio by decreasing an amount of
light reflected from a non-luminescent area.

SUMMARY OF THE INVENTION

[0021] According to an embodiment of the present inven-
tion, an AMOLED is provided which comprises a substrate
including a TFT, metal interconnections for driving the TFT,
a pixel electrode connected to the TFT, an organic EL layer
formed on the pixel electrode, and a black matrix formed on
substantially the entire surface of the substrate except for a
portion on which the pixel electrode is formed.

[0022] Further, on the black matrix, there is formed a TFT
including an active pattern, a gate electrode, and source/
drain electrodes. A passivation film is formed on the TFT,
the black matrix, and the substrate. A pixel electrode is
formed on the passivation film to be connected to the TFT.
An organic EL layer is formed on the pixel electrode.

[0023] According to another embodiment of the present
invention, a method is provided for manufacturing an
AMOLED, the method comprising the steps of forming a
black matrix on an entire surface of a substrate except for a
pixel electrode region; forming a TFT on a black matrix, the
TFT including an active pattern, a gate electrode, and
source/drain electrodes; forming a passivation film on the
TFT, the black matrix, and the substrate; forming a pixel
electrode on the passivation film to connect with the TFT;
and forming an organic EL layer on the pixel electrode.

[0024] With the above embodiments, a black matrix hav-
ing a low reflectivity is formed on the entire surface of the
substrate except for the pixel electrode region, thereby
preventing an external light from being reflected at a region
except for the pixel electrode region, i.¢., a non-luminescent
region.

BRIEF DESCRIPTION OF THE DRAWINGS

[0025] The present invention will become more apparent
by describing in detail exemplary embodiments thereof with
reference to the attached drawings in which:

[0026] FIG. 1 is a cross-sectional view of a conventional
AMOLED;
[0027] FIG. 2 is a cross-sectional view of an AMOLED in

accordance with an embodiment of the present invention,

[0028] FIGS. 3A to 3E are cross-sectional views for
illustrating steps of a method for manufacturing the
AMOLED shown in FIG. 2;

[0029] FIG. 4 is a plan view of an AMOLED in accor-
dance with an embodiment of the present invention; and

[0030] FIG. 5 is a plan view of an AMOLED in accor-
dance with an embodiment of the present invention.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0031] Now, preferred embodiments of the present inven-
tion will be described in detail with reference to the attached
drawings.
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[0032] FIG.?2 is a cross-sectional view of an AMOLED in
accordance with an embodiment of the present invention.
Referring to FIG. 2, a black matrix 104 is formed on an
entire surface of an insulating substrate 100 except for a
region on which a pixel electrode is formed. The insulating
substrate 100 comprises glass, quartz or sapphire. To prevent
reflection of an external light, the black matrix 104 should
be made of a material having a low reflectivity of less than
about 5%, preferably between about 3% and about 4%.

[0033] Preferably, the black matrix 104 is formed in a
stack structure having a metal oxide layer 101 of CrO_, NiO_
or FeO, and an-overlying metal layer 102 of Cr, Nior Fe. In
typical, the metal oxide layer 101 of CrO_, NiO_ or FeO_
transmits the light of about 50% and reflects the other
amount of the light. So, if the metal layer 102 having a
relatively high reflectivity is stacked on the metal oxide
layer 101, the destructive interference of the light incident
upon the black matrix 104 occurs to decrease the reflectivity.
Alternatively, the black matrix 104 may be formed of a
single layer consisting of an opaque material.

[0034] On the entire surface of the substrate 100 including
the black matrix 104, there is formed a thermal diffusion-
barrier layer 106 that comprises silicon oxide. The thermal
diffusion-barrier layer 106 functions to prevent heat from
being emitted from the metal layer 102 of the black matrix
104 during a subsequent crystallization of an active layer of
a thin film transistor.

[0035] On the thermal diffusion-barrier layer 106, there is
formed a thin film transistor 125 including an active pattern
108, a gate insulating layer 110, a gate electrode 112, an
insulating interlayer 114, and source/drain electrodes 120
and 122. The source and drain electrodes 120 and 122
are-respectively connected to source and drain regions (not
shown) formed in the active pattern 108 through contact
holes 116 and 118. Preferably, the active pattern 108 is
formed at a region that is spaced apart by 1 gm or more from
an edge of the black matrix 104 to obtain uniform TFT
characteristics.

[0036] On the source and drain electrodes 120 and 122 and
the insulating interlayer 114, there is formed a passivation
layer 126 made of an inorganic insulating material such as
silicon nitride. On the passivation film layer 126, a pixel
electrode 130 is formed to be connected to any one of the
source electrode 120 and the drain electrode 122 through a
via hole 128, for example, the drain electrode 122 through
avia hole 128. The pixel electrode 130 made of a transparent
conductive film such as ITO or IZO is provided as an anode
of an organic EL element 140.

[0037] On the passivation layer 126 and the pixel elec-
trode 130, an organic insulating layer 132 having an opening
134 exposing a part of the pixel electrode 130 is formed. An
organic EL layer 136 is formed on the opening 134. As a
cathode of the organic EL element 140, a metal electrode
138 for the rear luminescence is formed on the organic EL
layer 136.

[0038] Hereinafter, there is described a method for manu-
facturing an AMOLED having the aforementioned structure.

[0039] FIGS. 3A to 3E are cross-sectional views for
illustrating a method of manufacturing the AMOLED shown
in FIG. 2. Referring to FIG. 3A, a metal oxide layer 101
made of CrO,, NiO,, or FeO_ is deposited to have a
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thickness of about 500 A on an insulating substrate 100 such
as glass, quartz or sapphire. Then, a metal layer 102 having
a low reflectivity, e.g., Cr, Ni, or Fe, is deposited to have a
thickness of about 1,000 A on the metal oxide layer 101.

[0040] Thereafter, the metal layer 102 and the metal oxide
layer 101 are patterned using a photolithography process, so
that a black matrix 104 is formed on the entire surface of the
substrate 100 except for a region on which a pixel electrode
will be formed.

[0041] Referring to FIG. 3B, on the entire surface of the
substrate 100 including the black matrix 104, silicon oxide
is deposited to have a thickness of approximately 2,000 A by
a plasma-enhanced chemical vapor deposition (PECVD)
process for thereby forming a thermal diffusion-barrier layer
106. The thermal diffusion-barrier layer 106 functions to
prevent heat from being irradiated during a subsequent
process for crystallizing an active layer.

[0042] On the thermal diffusion-barrier layer 106, an
amorphous silicon film is deposited to have a thickness of
approximately 500 A by a low pressure chemical vapor
deposition (LPCVD) process or PECVD process for forming
an active layer 107. Then, the active layer 107 is laser-
annealed, so that the active layer 107 of amorphous silicon
is crystallized into the active layer of polycrystalline silicon.
The laser annealing is performed using a high energy
capable of compensating for heat loss through the black
matrix 104, for example, 440-450 mJ/cm?, so that a poly-
crystalline film having the same size of grains can be
obtained.

[0043] Referring to FIG. 3C, a polycrystalline silicon
active layer 107 is patterned using a photolithography pro-
cess to form an active pattern 108 on a TFT region of a unit
pixel. The polycrystalline silicon active layer 107 has dif-
ferent sizes of grains at an edge portion and a central portion
of the black matrix 104, and it has a uniform size of grains
at a region that is spaced apart by about 1 um or more from
the edge portion of the black matrix 104. Accordingly, if the
active pattern 108 is formed at the region that is spaced apart
by about 1 #m or more from the edge portion of the black
matrix 104, uniform TFT characteristics can be obtained.

[0044] Thereafter, on the active pattern 108 and the ther-
mal diffusion-barrier layer 106, a silicon oxide film is
deposited to have a thickness of about 1,000-2,000 A by the
PECVD process for forming a gate insulating layer 110. A
gate layer, e.g., an AINd, is deposited on the gate insulating
layer 110 to have a thickness of approximately 3,000 A by
a sputtering method, and is then patterned by a photolithog-
raphy process. As a result, a gate line (not shown) extending
in a first direction and a gate electrode 112 of the TFT
branched from the gate line are formed.

[0045] Here, impurity ions are implanted using a photo
mask used for patterning the gate layer to thereby form
source/drain regions (not shown) in the surface at both sides
of the active pattern 108.

[0046] Referring to FIG. 3D, laser or furnace annealing is
performed to activate doped ions of the source/drain regions
and to cure damaged portions of the silicon layer. Then, a
silicon nitride film is deposited to have a thickness of
approximately 800 A on the entire surface of the resultant
structure for forming an insulating interlayer 114.
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[0047] Thereafter, the insulating interlayer 114 is etched
away using a photolithography process to form contact holes
116 and 118 exposing the source/drain regions. A data layer,
€.g., MoW or AINd, is deposited on the insulating interlayer
114 and the contact holes 116 and 118 to have a thickness of
approximately 3,000-6,000 A, and then, patterned by a
photolithography process. By doing so, there are formed a
data line (not shown) extending in a second direction
perpendicular to the first direction, a direct current signal
line (Vdd), and source/drain electrodes 120 and 122 respec-
tively connected to the source/drain regions through the
contact holes 116 and 118.

[0048] Through the aforementioned processes, there is
formed a TFT 125 including a active pattern 108, a gate
insulating layer 110, a gate electrode 112, and source/drain
electrodes 120 and 122 on the substrate 100 having a black
matrix 104.

[0049] Referring to FIG. 3E, on the insulating interlayer
114 including the TFT 125, a silicon nitride film is deposited
to have a thickness of approximately 2,000-3,000 A for
forming a passivation layer 126. Then, the passivation layer
126 is etched away using a photolithography process to form
a via hole 128 exposing any one of the source electrode 120
and the drain electrode 122.

[0050] A transparent conductive layer such as ITO or IZO
is deposited on the passivation layer 126 and the via hole
128, and then, patterned by a photolithography process to
form a pixel electrode 130 connected to the drain electrode
122 of the TFT 125 through the via hole 128. The pixel
electrode 130 is provided as an anode of an organic EL
element 140.

[0051] Referring again to FIG. 2, an organic insulating
layer 132 is formed on the passivation layer 126 including
the pixel electrode 130 and then, patterned by an exposure
and development processes to form an opening 134 expos-
ing a portion of the pixel electrode 130.

[0052] Thereafter, a hole transfer layer (HTL: not shown),
an organic EL layer 136, an electron transfer layer (ETL: not
shown) are sequentially formed on the opening 134, and
then, a metal electrode serving as a cathode of the organic
EL clement 140 is formed on the entire surface of the
resultant structure.

[0053] FIG. 4is aplan view of an AMOLED according to
an embodiment of the present invention. Referring to FIG.
4, a pixel including two TFTs, one capacitor (not shown) and
an organic EL element is arranged to have a pixel region
defined by three interconnection lines of a gate line gl, a
data line d1, and a power supply line Vddl. The power
supply line Vdd1 supplies a reference voltage necessary for
driving a drive TFT by applying a common voltage Vdd to
all pixels.

[0054] Thus, in an AMOLED having the pixel region
defined through the three interconnection lines, pixel elec-
trodes 200 occupy an area of about 40% in an overall panel
area. Accordingly, a black matrix 300 is formed at an overall
region except for the pixel electrode region 200, i.e., below
the TFTs and the three interconnection lines gl, dl, and
Vddl, thereby minimizing reflection of an external light
from a non-luminescent region except for the pixel electrode
region 200.
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[0055] FIG. 51is aplan view of an AMOLED according to
another embodiment of the present invention. Referring to
FIG. 5, a pixel including three TFTS, at least one capacitor
(not shown) and an organic EL element is arranged to have
a pixel region defined by four interconnection lines of two
gate lines g1 and g2, a data line d1, and a power supply line
Vddl.

[0056] In an AMOLED having a pixel region defined
through the four interconnection lines, an area occupied by
a pixel electrode 200 decreases and thus, the pixel electrode
region 200 occupies an area of about 20% or so in an overall
panel area. Accordingly, a black matrix 300 is formed at an
overall region except for the pixel electrode region 200, i.c.,
below the TFTs and the four interconnection lines gl, g2, d1,
and Vdd1, thereby minimizing the reflection of an external
light from a non-luminescent region except for the pixel
electrode region 200.

[0057] Although the above embodiments show examples
in which a black matrix is formed below thin film transistors
and metal interconnections, it is apparent that a pixel elec-
trode can be made of a low reflection metal to minimize
reflective light. However, such a configuration may cause a
drawback that 50% or more of the light irradiated from an
organic EL layer is wasted.

[0058] As described above, according to preferred
embodiments of the present invention, a black matrix having
a low reflectivity is formed on substantially the entire
surface of a substrate except for the pixel electrode region,
so that the reflection of an external light from a region
non-luminescent except for the pixel electrodes is mini-
mized, thereby obtaining a high contrast ratio. Accordingly,
with these preferred embodiments, it is possible to realize
nearly complete black in an OFF-state even in case that the
aperture ratio is low. In addition, loss of the light irradiated
from an organic EL layer can be minimized. Further, a high
price polarizing plate can be eliminated, resulting in
enhanced luminance and reduced manufacturing costs.

[0059] While preferred embodiments of the present inven-
tion have been described in detail, it has to be understood
that various changes, substitutions, and alterations can be
made hereto without departing from the spirit and scope of
the invention as defined by the appended claims.

What is claimed is:
1. An active matrix type organic electroluminescent dis-
play comprising:

a substrate including a thin film transistor, metal inter-
connections for driving the thin film transistor, a pixel
clectrode connected with the thin film transistor, and an
organic electroluminescent layer formed on the pixel
clectrode; and

a black matrix formed on substantially an entire surface of
the substrate except for a portion on which the pixel
electrode region is formed.

2. The active matrix type organic electroluminescent
display as claimed in claim 1, wherein the black matrix is
formed below the thin film transistor and the metal inter-
connections.

3. The active matrix type organic electroluminescent
display as claimed in claim 2, further comprising a thermal
diffusion-barrier layer formed on the black matrix.
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4. The active matrix type organic electroluminescent
display as claimed in claim 1, wherein the black matrix
includes a metal oxide layer and a metal layer stacked on the
metal oxide layer.

5. The active matrix type organic electroluminescent
display as claimed in claim 4, wherein the black matrix
comprises any one selected from the group consisting of
chromium oxide/chromium, nickel oxide/nickel, and iron
oxide/iron.

6. An active matrix type organic electroluminescent dis-
play comprising:

a substrate;

a black matrix formed on substantially an entire surface of
the substrate;

a thin film transistor formed on the black matrix and
having an active pattern, a gate electrode, and source/
drain electrodes;

a passivation layer formed on the thin film transistor, the
black matrix, and the substrate;

a pixel electrode formed on the passivation layer, the pixel
electrode being connected with the thin film transistor;
and

an organic electroluminescent layer formed on the pixel

electrode.

7. The active matrix type organic electroluminescent
display as claimed in claim 6, wherein the black matrix is
formed on substantially the entire surface of the substrate
except for a pixel electrode region.

8. The active matrix type organic electroluminescent
display as claimed in claim 7, further comprising a thermal
diffusion-barrier layer formed between the black matrix and
the thin film transistor.

9. The active matrix type organic electroluminescent
display as claimed in claim 7, wherein the active pattern of
the thin film transistor is formed at a region that is spaced
apart by no less than about 1 um from an edge of the black
matrix.

10. A method of manufacturing an active matrix type
organic electroluminescent display, the method comprising
the steps of:

forming a black matrix on substantially an entire surface
of a substrate;

forming a thin film transistor on the black matrix and the
substrate, the thin film transistor including an active
pattern, a gate electrode, and source/drain electrodes;

forming a passivation layer on the thin film transistor, the
black matrix, and the substrate;

forming a pixel electrode on the passivation layer to
connect with the thin film transistor; and

forming an organic electroluminescent layer on the pixel

electrode.

11. The method as claimed in claim 10, wherein the
method further comprises forming the black matrix on
substantially the entire surface of the substrate except for a
pixel electrode region.

12. The method as claimed in claim 11, prior to the step
of forming the thin film transistor, further comprising a step
of forming a thermal diffusion-barrier layer on the black
matrix and the substrate.
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13. The method as claimed in claim 11, wherein the step
of forming the active pattern of the thin film transistor
comprises the steps of:

depositing an active layer on the black matrix and the
substrate;

crystallizing the active layer by applying an energy
capable of compensating for a heat loss through the
black matrix; and

patterning the active layer to form the active pattern at a
region that is spaced apart by no less than about 1 yum
from an edge of the black matrix.

14. The method as claimed in claim 11, wherein the black
matrix comprises a metal oxide layer and a metal layer
stacked on the metal oxide layer.

15. The method as claimed in claim 11, wherein the black
matrix comprises any one selected from a group consisting
of chromium oxide/chromium, nickel oxide/nickel, and iron
oxide/iron.

16. An active matrix type organic electroluminescent
display comprising:

a substrate including a thin film transistor, metal inter-
connections for driving the thin film transistor, a pixel
clectrode connected with the thin film transistor, and an
organic electroluminescent layer formed on the pixel
clectrode; and

a low reflective pattern formed on a surface of the
substrate except for a portion on which the pixel
electrode region is formed.

17. The active matrix type organic electroluminescent
display as claimed in claim 16, wherein the low reflective
pattern is a black matrix.

18. The active matrix organic electroluminescent display
as claimed in claim 16, wherein the low reflective pattern
comprises a material having a low reflectivity of less than
about 5%.

19. The active matrix type organic electroluminescent
display as claimed in claim 16, wherein the low reflective
pattern includes a metal oxide layer and a metal layer
stacked on the metal oxide layer.

20 An active matrix type organic electroluminescent
display comprising:
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a substrate;

a low reflective pattern formed on substantially a surface
of the substrate except for a pixel electrode region;

a thin film transistor formed on the low reflective pattern
and having an active pattern, a gate electrode, and
source/drain electrodes;

a passivation layer formed on the thin film transistor, the
low reflective pattern, and the substrate;

a pixel electrode formed on the passivation layer, the pixel
electrode being connected with the thin film transistor;
and

an organic electroluminescent layer formed on the pixel

electrode.

21. The active matrix type organic electroluminescent
display as claimed in claim 20, wherein the low reflective
pattern comprises a material having a low reflectivity of less
than about 5%.

22. A method of manufacturing an active matrix type
organic electroluminescent display, the method comprising:

forming a low reflective pattern on substantially a surface
of a substrate except for a pixel electrode region;

forming a thin film transistor on the low reflective pattern
and the substrate, the thin film transistor including an
active pattern, a gate electrode, and source/drain elec-
trodes;

forming a passivation layer on the thin film transistor, the
low reflective pattern, and the substrate;

forming a pixel electrode on the passivation layer to
connect with the thin film transistor; and

forming an organic electroluminescent layer on the pixel

electrode.

23. The method as claimed in claim 22, wherein the low
reflective pattern comprises a material having a low reflec-
tivity of less than about 5%.

24. The method as claimed in claim 22, wherein the low
reflective pattern comprises a metal oxide layer and a metal
layer stacked on the metal oxide layer.
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