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(57) ABSTRACT

A display panel includes a flexible electrochromic substrate
comprising a first flexible substrate layer, a second flexible
substrate layer opposing to the first flexible substrate layer
and an electrochromic part disposed between the first and
second flexible substrate layers and configured to discolor in
response to a driving signal, a transistor layer disposed on
the flexible electrochromic substrate, the transistor layer
comprising a plurality of transistors and an organic light
emitting diode layer disposed on the flexible electrochromic
substrate on which the transistor layer is disposed, the
organic light emitting diode layer comprising a plurality of
organic light emitting diodes connected to the plurality of
transistors.
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DISPLAY PANEL AND DISPLAY APPARATUS
HAVING THE DISPLAY PANEL

[0001] This application claims priority from and the ben-
efit of Korean Patent Application No. 10-2016-0121754
filed on Sep. 22, 2016, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

1. Field of the Invention

[0002] Exemplary embodiments of the inventive concept
relate to a display panel and a display apparatus having the
display panel. More particularly, example embodiments of
the inventive concept relate to a display panel with adjust-
able transparency and a display apparatus having the display
panel.

2. Description of the Related Art

[0003] Recently, various flat panel display devices have
been developed to replace the traditional Cathode Ray Tube
(CRT) display devices, which tend to be heavier and bulkier
than their replacements. The flat panel display devices, for
example, include a liquid crystal display (LCD) device, a
field emission display (FED) device, a plasma display panel
PDP, an organic light emitting diode (OLED) device, etc.
[0004] The OLED device has advantages such as rapid
response speed and low power consumption because the
OLED device among the flat panel display devices displays
an image using an organic light emitting diode that emits a
light based on recombination of electrons and holes.

BRIEF SUMMARY OF THE INVENTION

[0005] Exemplary embodiments of the inventive concept
provide a display panel with adjustable transparency.
[0006] Exemplary embodiments of the inventive concept
provide a display apparatus having the display panel.
[0007] According to an exemplary embodiment of the
inventive concept, there is provided a display panel. The
display panel includes a flexible electrochromic substrate
comprising a first flexible substrate layer, a second flexible
substrate layer opposing to the first flexible substrate layer
and an electrochromic part disposed between the first and
second flexible substrate layers and configured to discolor in
response to a driving signal, a transistor layer disposed on
the flexible electrochromic substrate, the transistor layer
comprising a plurality of transistors and an organic light
emitting diode layer disposed on the flexible electrochromic
substrate on which the transistor layer is disposed, the
organic light emitting diode layer comprising a plurality of
organic light emitting diodes connected to the plurality of
transistors.

[0008] In an exemplary embodiment, the electrochromic
part may include a first electrode, a second electrode over-
lapping with the first electrode and an electrochromic layer
disposed between the first and second electrodes.

[0009] In an exemplary embodiment, at least one of the
first electrode and the second electrode in the electrochromic
part may be patterned corresponding to a pixel.

[0010] In an exemplary embodiment, at least one of the
first electrode and the second electrode in the electrochromic
part may be patterned corresponding to a block area includ-
ing a plurality of pixels.
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[0011] In an exemplary embodiment, the flexible electro-
chromic substrate may comprise a display area in which the
organic light emitting diodes are arranged and a peripheral
area surrounding the display area, the display panel further
including a first pad part disposed in the peripheral area of
the first flexible substrate layer and configured to receive a
driving signal for the electrochromic part.

[0012] In an exemplary embodiment, the first pad part
may include a first pad electrode extending from the first
electrode and a second pad electrode extending from the
second electrode.

[0013] In an exemplary embodiment, the display panel
may further include a second pad part disposed in the
peripheral area of the second flexible substrate layer and
configured to receive a driving signal for the plurality of
transistors.

[0014] In an exemplary embodiment, the first pad part
may be disposed adjacent to the second pad part.

[0015] In an exemplary embodiment, the second flexible
substrate layer may expose the first pad part disposed in the
peripheral area of the first flexible substrate layer.

[0016] In an exemplary embodiment, the electrochromic
layer may cover edge areas of the first electrode and has a
size greater than that of the first electrode.

[0017] In an exemplary embodiment, the electrochromic
layer may cover edge areas of the second electrode and has
a size greater than that of the second electrode.

[0018] In an exemplary embodiment, the flexible electro-
chromic substrate may further include a first barrier layer
disposed on the first flexible substrate layer and a second
barrier layer disposed between the electrochromic part and
the second flexible substrate layer.

[0019] According to an exemplary embodiment of the
inventive concept, there is provided a display apparatus. The
display apparatus includes a display panel comprising a
flexible electrochromic substrate may include a first flexible
substrate layer, a second flexible substrate layer opposing to
the first flexible substrate layer and an electrochromic part
disposed between the first and second flexible substrate
layers and configured to discolor in response to a driving
signal, a transistor layer disposed on the flexible electro-
chromic substrate, the transistor layer comprising a plurality
of transistors, and an organic light emitting diode layer
comprising a plurality of organic light emitting diodes
connected to the plurality of transistors, a first flexible circuit
board disposed on the first flexible substrate layer and
configured to provide the electrochromic part with a driving
signal and a second flexible circuit board disposed on the
second flexible substrate layer and configured to provide the
plurality of transistors with a driving signal.

[0020] In an exemplary embodiment, the electrochromic
part may include a first electrode, a second electrode over-
lapping with the first electrode and an electrochromic layer
disposed between the first and second electrodes.

[0021] In an exemplary embodiment, at least one of the
first electrode and the second electrode in the electrochromic
part may be patterned corresponding to a pixel.

[0022] In an exemplary embodiment, at least one of the
first electrode and the second electrode in the electrochromic
part may be patterned corresponding to a block area includ-
ing a plurality of pixels.

[0023] In an exemplary embodiment, the flexible electro-
chromic substrate may include a display area in which the
organic light emitting diodes are arranged and a peripheral
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area surrounding the display area, the display panel further
including a first pad part disposed in the peripheral area of
the first flexible substrate layer and configured to receive a
driving signal for the electrochromic part.

[0024] In an exemplary embodiment, the first pad part
may include a first pad electrode extending from the first
electrode and a second pad electrode extending from the
second electrode.

[0025] In an exemplary embodiment, the display panel
may further including a second pad part disposed in the
peripheral area of the second flexible substrate layer and
configured to receive a driving signal for the plurality of
transistors.

[0026] In an exemplary embodiment, the first pad part
may be disposed adjacent to the second pad part.

[0027] In an exemplary embodiment, the second flexible
substrate layer may expose the first pad part disposed in the
peripheral area of the first flexible substrate layer.

[0028] In an exemplary embodiment, the electrochromic
layer may cover edge areas of the first electrode and has a
size greater than that of the first electrode.

[0029] In an exemplary embodiment, the electrochromic
layer may cover edge areas of the second electrode and has
a size greater than that of the second electrode.

[0030] In an exemplary embodiment, the flexible electro-
chromic substrate may further include a first barrier layer
disposed on the first flexible substrate layer and a second
barrier layer disposed between the electrochromic part and
the second flexible substrate layer.

[0031] According to the inventive concept, the flexible
electrochromic substrate includes the electrochromic part
disposed between the first and second flexible substrate
layers, and thus, a transparency of the display panel may be
adjusted. Therefore, a visibility may be improved in an
outdoor environment having sunlight. In addition, the flex-
ible electrochromic substrate includes the first and second
barrier layers disposed between the first and second flexible
substrate layers and thus may block moisture or water
permeated from the outside into the display panel.

BRIEF DESCRIPTION OF THE DRAWINGS

[0032] The above and other features and advantages of the
inventive concept will become more apparent in view of the
description of detailed exemplary embodiments thereof
below with reference to the accompanying drawings, in
which:

[0033] FIG. 1 is a plan view illustrating a display appa-
ratus according to an exemplary embodiment;

[0034] FIG. 2 is a plan view illustrating a display panel
according to an exemplary embodiment;

[0035] FIG. 3 is a cross-sectional view illustrating the
display panel taken along line I-I' as shown in FIG. 2;
[0036] FIG. 4 is a cross-sectional view illustrating a dis-
play part according to an exemplary embodiment;

[0037] FIGS. 5 and 6 are cross-sectional views illustrating
one method of manufacturing a display panel according to
an exemplary embodiment;

[0038] FIGS. 7, 8 and 9 are plan views illustrating one
method of manufacturing a display panel according to an
exemplary embodiment;

[0039] FIG. 10 is a conceptual diagram illustrating a
flexible electrochromic substrate according to an exemplary
embodiment; and
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[0040] FIG. 11 is a conceptual diagram illustrating a
flexible electrochromic substrate according to an exemplary
embodiment.

DETAILED DESCRIPTION OF THE
INVENTION

[0041] Hereinafter, the inventive concept will be
explained in detail with reference to the accompanying
drawings.

[0042] FIG. 1 is a plan view illustrating a display appa-
ratus according to an exemplary embodiment.

[0043] Referring to FIG. 1, the display apparatus may
include a display panel 100, a first flexible circuit board 200,
a second flexible circuit board 300 and a main circuit board
400.

[0044] The display panel 100 may include an electrochro-
mic part 110, a display part 130, a gate driver 140 and an
emission driver 150.

[0045] The electrochromic part 110 is configured to dis-
color in response to an electric signal. For example, the
electrochromic part 110 may be configured to change from
a colored state to a bleached stated or from the bleached
stated to the colored state. For example, the electrochromic
part 110 may be configured to drive with an opaque mode in
which the electrochromic part 110 is driven with the colored
state so that a visibility may be improved in an outdoor
environment having sunlight and configured to drive with a
transparent mode in which the electrochromic part 110 is
driven with the bleached state so that a visibility may be
improved in an indoor environment. The electrochromic part
110 is disposed in a display area DA of the display panel
100. Alternatively, the electrochromic part 110 may have a
size larger than the display area DA and cover the display
area DA despite a misalignment between the electrochromic
part 110 and the display area DA and a difference between
sizes of pixels disposed in an edge area and a central area of
the display area DA.

[0046] The display part 130 is disposed in the display area
DA in which the electrochromic part 110 is disposed and
overlaps with the electrochromic part 110. The display part
130 may include a plurality of pixels P, a plurality of gate
lines GL, a plurality of emission lines EL and a plurality of
data lines DL. Each of pixels P may include a plurality of
transistors that is connected to a gate line GL, an emission
line EL and a data line DL, and an organic light emitting
diode OLED that is connected to the plurality of transistors.
[0047] The data lines DL may extend in a column direc-
tion CD and be arranged in a row direction RD. The data
lines DL are connected to the second flexible circuit board
300 and provide a data voltage to the pixels P.

[0048] The gate lines GL may extend in the row direction
RD and be arranged in the column direction CD. The gate
lines GL are connected to the gate driver 140 and provide a
gate signal to the pixels P.

[0049] The emission lines ELL may extend in the row
direction RD and be arranged in the column direction CD.
The emission lines EL are connected to the emission driver
150 and provide an emission control signal to the pixels P.
[0050] For example, the pixel P may include an organic
light emitting diode OLED, a driving transistor T1, a capaci-
tor CST, a switching transistor T2 and an emission control
transistor T3.

[0051] The driving transistor T1 may include a control
electrode connected to the switching transistor T2, a first
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electrode receiving the first emission power voltage ELVDD
and a second electrode connected to the emission control
transistor T3.

[0052] The capacitor CST may include a first electrode
receiving the first emission power voltage ELVDD and a
second electrode connected to the control electrode of the
driving transistor T1.

[0053] The switching transistor T2 may include a control
electrode receiving the gate signal G, a first electrode
receiving the data voltage and a second electrode connected
to the control electrode of the driving transistor T1.

[0054] The emission control transistor T3 may include a
control electrode receiving an emission control signal, a first
electrode connected to the second electrode of the driving
transistor T1 and a second electrode connected to the organic
light emitting diode OLED.

[0055] The organic light emitting diode OLED may
include a first electrode connected to the emission control
transistor T3 and a second electrode receiving the second
emission power voltage ELVSS.

[0056] When the emission control transistor T3 is turned
on, a current passed through the driving transistor T1 is
applied to the organic light emitting diode OLED, and then
the organic light emitting diode OLED emits a light. An
emission period in which the organic light emitting diode
OLED emits the light may be determined corresponding to
an ON period in which the emission control transistor T3 is
turned on.

[0057] The gate driver 140 is disposed in the peripheral
area PA of the display panel 100 adjacent to an end portion
of the gate line GL and is configured to provide the gate
signal to the gate line GL.

[0058] The emission driver 150 is disposed in the periph-
eral area PA of the display panel 100 adjacent to an end
portion of the emission line EL and is configured to provide
an emission control signal to the emission line EL.

[0059] The first flexible circuit board 200 is mounted in
the peripheral area PA of the display panel 100. For example,
as shown in FIG. 1, the first flexible circuit board 200 may
be mounted in the peripheral area PA adjacent to the second
flexible circuit board 300.

[0060] The first flexible circuit board 200 is configured to
provide a driving signal to the electrochromic part 110. For
example, the electrochromic part 110 may include a first
electrode, a second electrode overlapping with the first
electrode and an electrochromic layer disposed between the
first and second electrodes. When the driving signals are
applied to the first and second electrodes of the electrochro-
mic part 110, the electrochromic layer of the electrochromic
part 110 may drive with the opaque mode corresponding to
the colored state. However, when the driving signals are not
applied to the first and second electrodes of the electrochro-
mic part 110, the electrochromic layer of the electrochromic
part 110 may drive with the transparent mode corresponding
to the bleached state.

[0061] The second flexible circuit board 300 is mounted in
the peripheral area PA of the display panel 100 adjacent to
an end portion of the data line DL. The second flexible
circuit board 300 may include a flexible circuit board 310
and a data driver 330. The data driver 330 is mounted on the
flexible circuit board 310 and is configured to provide a data
voltage to the data line DL.

[0062] The main circuit board 400 may include a control
circuit 410. The control circuit 410 is configured to receive
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image data DATA, a control signal CONT and an electro-
chromic control signal CC. The image data DATA may
include red, green and blue data. The control signal CONT
may include a horizontal synchronization signal, a vertical
synchronization signal and a main clock signal. The elec-
trochromic control signal CC is a control signal that drives
the electrochromic part 110 with the transparent mode or the
opaque mode.

[0063] The control circuit 410 is configured to generate a
plurality of control signals that controls the data driver 330,
the gate driver 140 and the emission driver 150, using the
horizontal synchronization signal, the vertical synchroniza-
tion signal and the main clock signal. In addition, the control
circuit 410 is configured to generate a driving signal for
driving the electrochromic part 110 with the transparent
mode or the opaque mode based on the electrochromic
control signal CC.

[0064] FIG. 2 is a plan view illustrating a display panel
according to an exemplary embodiment.

[0065] Referring to FIGS. 1 and 2, the display panel 100
may include a first flexible substrate layer 101, an electro-
chromic part 110, a first pad part PP1, a second flexible
substrate layer 122, a display part 130, a gate driver 140, an
emission driver 150 and a second pad part PP2.

[0066] The display panel 100 may include a display area
DA and a plurality of peripheral areas PA1, PA2 and PA3
surrounding the display area DA.

[0067] The electrochromic part 110 is disposed in the
display area DA of the first flexible substrate layer 101. The
electrochromic part 110 may include a first transparent
electrode 111E, an electrochromic layer 113 and a second
transparent electrode 115E.

[0068] The first transparent electrode 111E is disposed in
the display area DA of the first flexible substrate layer 101.
[0069] The electrochromic layer 113 overlaps with the first
transparent electrode 111E and is disposed in the display
area DA of the first flexible substrate layer 101. However, an
edge area of the electrochromic layer 113 does not overlap
with an edge area of the first transparent electrode 111E. As
shown in FIG. 2, the electrochromic layer 113 may have a
size larger than the first transparent electrode 111E to cover
the edge area of the first transparent electrode 111E.
[0070] The second transparent electrode 115E overlaps
with the electrochromic layer 113 and is disposed in the
display area DA of the first flexible substrate layer 101. The
second transparent electrode 115E may have a size smaller
than the electrochromic layer 113 so that an edge area of the
second transparent electrode 115E is disposed in an edge
area of the electrochromic layer 113. Thus, the first and
second transparent electrodes 111E and 115E do not contact
to each other due to the electrochromic layer 113 disposed
between the first and second transparent electrodes 111E and
115E.

[0071] The first pad part PP1 may include a first pad
electrode 111P and a second pad electrode 115P.

[0072] The first pad electrode 111P is connected to the first
transparent electrode 111E. The first pad electrode 111P may
extend from the first transparent electrode 111E and be
disposed in the first peripheral area PA1 of the first flexible
substrate layer 101.

[0073] The second pad electrode 115P is connected to the
second transparent electrode 115E. The second pad elec-
trode 115P may extend from the second transparent elec-
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trode 115E and be disposed in the first peripheral area PA1
of the first flexible substrate layer 101 adjacent to the first
pad electrode 111P.

[0074] Therefore, the first pad part PP1 on which the first
flexible circuit board 200 is mounted may be disposed in the
first peripheral area PA1 of the first flexible substrate layer
101.

[0075] The second flexible substrate layer 122 is disposed
on the first flexible substrate layer 101 on which the elec-
trochromic part 110 is disposed, and is opposite to the first
flexible substrate layer 101. The electrochromic part 110
may be capsulated by the first and second flexible substrate
layers 101 and 122.

[0076] The second flexible substrate layer 122 exposes the
first peripheral area of the first flexible substrate layer 101 to
expose the first pad part PP1.

[0077] The display part 130 is disposed in the display area
DA of the second flexible substrate layer 122. The display
part 130 may include a plurality of pixels P that is arranged
as a matrix type. The pixel P may include the organic light
emitting diode OLED, the driving transistor T1, the capaci-
tor CST, the switching transistor T2 and the emission control
transistor T3.

[0078] The gate driver 140 may be disposed in a second
peripheral area PA2 of the second flexible substrate layer
122. The gate driver 140 may include a plurality of transis-
tors and may be directly formed in the second peripheral
area PA2 of the second flexible substrate layer 122 via
substantially the same process for forming the transistors in
the pixel P.

[0079] The emission driver 150 may be disposed in a third
peripheral area PA3. The emission driver 150 may include a
plurality of transistors, and the plurality of transistors may
be directly formed in the third peripheral area PA3 of the
second flexible substrate layer 122 via substantially the same
process for forming the transistors in the pixel P.

[0080] The second pad part PP2 may include a plurality of
signal pads 131P. The signal pads may be connected to the
plurality of data lines, the gate driver 140 and the emission
driver 150, which are disposed in the display part 100. The
signal pads are connected to the second flexible circuit board
300.

[0081] Therefore, the second pad part PP2 on which the
second flexible circuit board 300 is mounted may be dis-
posed in the first peripheral area PA1 of the second flexible
substrate layer 122.

[0082] FIG. 3 is a cross-sectional view illustrating the
display apparatus taken along line I-I' as shown in FIG. 2.
[0083] Referring to FIGS. 1, 2 and 3, the display panel 100
may include a flexible electrochromic substrate 120 and a
display part 130.

[0084] The flexible electrochromic substrate 120 may
include a first flexible substrate layer 101, a first barrier layer
102, an electrochromic part 110, a second barrier layer 121
and a second flexible substrate layer 122.

[0085] The first flexible substrate layer 101 may include
transparent plastic, for example, polyimide, polyethyl-
enenaphtalate, polyethyleneterephthalate, polyarylate, poly-
carbonate, polyrtherlmide, polyethersulfone, etc.

[0086] The first barrier layer 102 may include inorganic
materials such as metallic oxide, silicon oxide and silicon
oxide, etc. For example, the first barrier layer 102 may
include A103, Si02, SiNXx, etc. These may be used alone or
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in a suitable combination thereof. The first barrier layer 102
may block moisture or water permeated from the outside.
[0087] The electrochromic part 110 may include a first
transparent electrode 111E, an electrochromic layer 113 and
a second transparent electrode 115E.

[0088] The first transparent electrode 111E may include
transparent conductive materials. The transparent conduc-
tive materials may include indium tin oxide (ITO), indium
zine oxide (IZ0), etc.

[0089] The electrochromic layer 113 may include inor-
ganic materials. The electrochromic layer 113 may include
a first electrode layer 1134, a conductor layer 1135 and a
second electrode layer 113¢. The first electrode layer 113a
may include WO3, etc., the conductor layer 1135 may
include LiNbO3, LiTaO3, etc, and the second electrode layer
113¢ may include NiQO, etc.

[0090] The second transparent electrode 115E may
include transparent conductive materials. The transparent
conductive material may include indium tin oxide (ITO),
indium zinc oxide (IZ0), etc.

[0091] The second barrier layer 121 may include inorganic
materials such as metallic oxide, silicon oxide, silicon oxide,
etc. For example, the second barrier layer 121 may include
AlO3, Si02, SiNx, etc. These may be used alone or in a
suitable combination thereof The second barrier layer 121
may block moisture or water permeated from the outside.
[0092] The second flexible substrate layer 122 may
include transparent plastic, for example, polyimide, poly-
ethylenenaphtalate, polyethyleneterephthalate, polyarylate,
polycarbonate, polyrtherlmide, polyethersulfone, etc.
[0093] The display part 130 may include a transistor layer
131, an OLED layer 133 and an encapsulation layer 135.
[0094] The transistor layer 131 may include a plurality of
transistors in the plurality of pixels P. The OLED layer 133
may include a plurality of pixel electrodes connected to the
plurality of transistors, a light-emitting layer disposed on the
plurality of pixel electrodes and a common electrode dis-
posed on the light-emitting layer.

[0095] The encapsulation layer 135 may be disposed on
the OLED layer 133 and may protect the OLED layer 133
from external impacts.

[0096] FIG. 4 is a cross-sectional view illustrating a dis-
play part according to an exemplary embodiment.

[0097] Referring to FIG. 4, the display part 130 may
include a transistor T, a pixel electrode PE, an OLED layer
133 and an encapsulation layer 135.

[0098] The transistor T may include an active pattern AC,
a gate electrode GE, a source electrode SE and a drain
electrode DE. A gate insulating layer 1314 may be disposed
between the active pattern AC and the gate electrode GE.
The active pattern AC may be formed of a semiconductor
oxide including a binary compound (ABX), a ternary com-
pound (ABxCy), a quaternary compound (ABxCyDz), etc.
which contain indium, zine, gallium, tin, titanium, alumi-
num, hafnium (Hf), zirconium (Zr), magnesium (Mg), etc.
These compounds may be used alone or in combination
thereof. The gate insulating layer 131a may include silicone
compound, metallic oxide, etc.

[0099] An intercalation insulating layer 1315 may be
disposed between the gate electrode GE and the source/drain
electrodes SE/DE. The intercalation insulating layer 1315
may include silicon nitride, silicon oxide, silicon oxynitride,
etc. A passivation layer 131¢ may be disposed on the
transistor T. The passivation layer 131¢ may be disposed as
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a substantially uniform thickness along a profile of the
transistor layer 131 and protect the transistor T.

[0100] The OLED layer 133 may include a pixel electrode
PE, a light-emitting layer 131e and a common electrode CE,
which are disposed on the passivation layer 131c.

[0101] The pixel electrode PE may be disposed on the
passivation layer 131¢ and be connected to the transistor T.
A pixel definition layer 131d may be disposed on the
passivation layer 131¢ on which the pixel electrode PE is
disposed. The light-emitting layer 131e may be disposed in
an opening formed by the pixel definition layer 1314. The
common electrode CE may be disposed on the light-emitting
layer 131e.

[0102] The encapsulation layer 135 may be disposed on
the common electrode CE. The encapsulation layer 135 may
include a plurality of inorganic layers or a suitable combi-
nation thereof.

[0103] FIGS. 5 and 6 are cross-sectional views illustrating
one method of manufacturing a display panel according to
an exemplary embodiment. FIGS. 7 to 9 are plan views
illustrating one method of manufacturing a display panel
according to an exemplary embodiment.

[0104] Referring to FIGS. 5 and 7, a first polymer layer
may be formed on a glass substrate 10. The first polymer
layer may include transparent material, for example, poly-
imide, polyethylenenaphtalate, polyethyleneterephthalate,
polyarylate, polycarbonate, polyrtherlmide, polyethersul-
fone, etc.

[0105] The first polymer layer may be cured to form the
first flexible substrate layer 101. Thus, the first flexible
substrate layer 101 may be formed on the glass substrate 10.
The curing method may include heat curing, ultraviolet
(UV) curing, electronbeam curing, etc.

[0106] A first barrier layer 102 may be formed on the first
flexible substrate layer 101.

[0107] The first barrier layer 102 may include inorganic
materials such as metallic oxide, silicon oxide, silicon oxide,
etc. For example, the first barrier layer 102 may include
AlO3, Si02, SiNx, etc. These may be used alone or in a
suitable combination thereof.

[0108] A first transparent conductive layer may be formed
on the first barrier layer 102. The first transparent conductive
layer may include indium tin oxide (ITO), indium zinc oxide
(IZ0), etc. The first transparent conductive layer may be
patterned to form a first transparent electrode 111E in the
display area DA and a first pad electrode 111P connected to
the first transparent electrode 111E in the first peripheral area
PA1.

[0109] An electrochromic layer 113 may be formed on the
first flexible substrate layer 101 on which the first transpar-
ent electrode 111E and the first pad electrode 111P are
formed.

[0110] The electrochromic layer 113 may be formed on the
first transparent electrode 111E to overlap with the first
transparent electrode 111E corresponding to the display area
DA. In addition, the electrochromic layer 113 may have a
size larger than the first transparent electrode 111E, and thus
an edge area of the electrochromic layer 113 may fully cover
an edge area of the first transparent electrode 111E.

[0111] Referring to FIGS. 5 and 8, a second transparent
conductive layer may be formed on the first flexible sub-
strate layer 101 on which the electrochromic layer 113 is
formed. The second transparent conductive layer may
include indium tin oxide (ITO), indium zinc oxide (I70),
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etc. The second transparent conductive layer may be pat-
terned to form a second transparent electrode 115E and a
second pad electrode 115P.

[0112] The second transparent electrode 115E may be
formed in the display area DA to overlap with the first
transparent electrode 111E. The second transparent electrode
115E may have a size smaller than the electrochromic layer
113, and thus an edge area of the electrochromic layer 113
may fully cover an edge area of the second transparent
electrode 115E. The second pad electrode 115P may be
connected to the second transparent electrode 115E and may
be formed in the first peripheral area PA1 adjacent to the first
pad electrode 111P.

[0113] Therefore, the first pad part PP1 is formed in the
first peripheral area PA1 of the first flexible substrate layer
101.

[0114] A second barrier layer 121 may be formed on the
first barrier layer 102 on which the second transparent
electrode 115E and the second pad electrode 115P are
formed. The second barrier layer 121 may include inorganic
materials such as metallic oxide, silicon oxide, silicon oxide,
etc. For example, the second barrier layer 121 may include
AlO3, Si02, SiNx, etc. These may be used alone or in a
suitable combination thereof.

[0115] The second barrier layer 121 may be formed to
expose the first pad part PP1 formed in the first peripheral
area PA1.

[0116] A second polymer layer may be formed on the
second barrier layer 121. The second polymer layer may
include transparent plastic, for example, polyimide, poly-
ethylenenaphtalate, polyethyleneterephthalate, polyarylate,
polycarbonate, polyrtherlmide, polyethersulfone, etc.

[0117] Thesecond polymer layer may be cured to form the
second flexible substrate layer 122. The curing method may
include heat curing, UV curing, electronbeam curing, etc.

[0118] As described above, the flexible electrochromic
substrate 120 of the display panel 100 may be formed.

[0119] Referring to FIGS. 4,5 and 9, a transistor layer 131
may be formed on the flexible electrochromic substrate 120.
The transistor layer 131 may include a gate electrode, a gate
line connected to the gate electrode, a source electrode, a
data line connected to the source electrode and a drain
electrode in the display area DA. The transistor layer 131
may include a second pad part PP2 in the first peripheral area
PA1, a gate driver 140 in the second peripheral area PA2, and
an emission driver 150 in the third peripheral area PA3.

[0120] The second pad part PP2 may include a plurality of
signal pads 131P. The plurality of signal pads 131P may
include a plurality of signal pads connected to a plurality of
data lines in the display area DA. In addition, the plurality
of signal pads 131P may be connected to signal lines that are
connected to the gate driver 140 in the second peripheral
area PA2. In addition, the plurality of signal pads 131P may
be connected to the signal lines that are connected to the
emission driver 150 in the third peripheral area PA3.
[0121] As described above, the second pad part PP2 may
be formed in the first peripheral area PA1 of the second
flexible substrate layer 122 in the flexible electrochromic
substrate 120.

[0122] The OLED layer 133 may be formed on the flexible
electrochromic substrate 120 on which the transistor layer
131 is formed.
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[0123] The encapsulation layer 135 may be formed on the
flexible electrochromic substrate 120 on which the OLED
layer 133 is formed.

[0124] Referring to FIGS. 6 and 9, the display part 130
may be formed on the flexible electrochromic substrate 120.
[0125] The glass substrate 10 is detached from the flexible
electrochromic substrate 120 by separating processes after
the display part 130 is formed.

[0126] The separating processes may include irradiating
ultraviolet (UV) light to a front face and a rear face of the
glass substrate 10 on which the display part 130 is formed.
The irradiated UV light may be absorbed by the first flexible
substrate layer 101 and the second flexible substrate layer
122 formed on the glass substrate 10. A binding power
between the first flexible substrate layer 101 and the glass
substrate 10 may be decreased. Then, the separating pro-
cesses may include separating the glass substrate 10 from
the flexible electrochromic substrate 120 by an external
tension.

[0127] FIG. 10 is a conceptual diagram illustrating a
flexible electrochromic substrate according to an exemplary
embodiment.

[0128] Referring to FIGS. 3 and 10, the flexible electro-
chromic substrate 120A may include a first flexible substrate
layer 101, a first barrier layer 102, an electrochromic part
110A, a second barrier layer 121 and a second flexible
substrate layer 122. The electrochromic part 110A may
include a first transparent electrode 111E, an electrochromic
layer 113 and a second transparent electrode 115E. At least
one of the first and second transparent electrodes 111E and
115E may be patterned corresponding to the pixel.

[0129] For example, as shown in FIG. 10, the electrochro-
mic part 110A may include a single first transparent elec-
trode 111E and a plurality of second transparent electrodes
115Ep. The first transparent electrode 111E may be patterned
corresponding to the display area DA. The plurality of
second transparent electrodes 115Ep may be patterned
respectively corresponding to a plurality of pixel areas.
[0130] Alternatively, not shown in figures, the electro-
chromic part 110A may include a plurality of first transpar-
ent electrodes corresponding to the plurality of pixel areas
and a single second transparent electrode corresponding to
the display area. Alternatively. the electrochromic part 110A
may include a plurality of first transparent electrodes cor-
responding to the plurality of pixel areas and a plurality of
second transparent electrodes corresponding to the plurality
of pixel areas.

[0131] According to the exemplary embodiment, the elec-
trochromic part 110A may be driven with the transparent
mode or the opaque mode by a pixel unit (i.e., driven pixel
by pixel).

[0132] FIG. 11 is a conceptual diagram illustrating a
flexible electrochromic substrate according to an exemplary
embodiment.

[0133] Referring to FIGS. 3 and 11, the flexible electro-
chromic substrate 120B may include a first flexible substrate
layer 101, a first barrier layer 102, an electrochromic part
110B, a second barrier layer 121 and a second flexible
substrate layer 122. The electrochromic part 110B may
include a first transparent electrode 111E, an electrochromic
layer 113 and a second transparent electrode 115E. At least
one of the first and second transparent electrodes 111E and
115E may be patterned by a block area including a plurality

Mar. 22,2018

of pixels. The block area may include the plurality of pixels
arranged as a (MxN) matrix type (‘M and ‘N’ are natural
numbers).

[0134] For example, as shown in FIG. 11, the electrochro-
mic part 110B may include a single first transparent elec-
trode 111E and a plurality of second block transparent
electrodes 115Eb. The first transparent electrode 111E may
be patterned corresponding to the display area DA, and the
second block transparent electrodes 115Eb may be patterned
corresponding to a plurality of block areas.

[0135] Alternatively, not shown in figures, the electro-
chromic part 110B may include a plurality of first block
transparent electrodes and a single second transparent elec-
trode. Alternatively, the electrochromic part 110B may
include a plurality of first block transparent electrodes
corresponding to the plurality of pixel areas and a plurality
of second block transparent electrodes corresponding to the
plurality of pixel areas.

[0136] According to the exemplary embodiment, the elec-
trochromic part 110B may be driven with the transparent
mode or the opaque mode by a block area unit.

[0137] According to the exemplary embodiments, the
flexible electrochromic substrate includes the electrochro-
mic part disposed between the first and second flexible
substrate layers, and thus, a transparency of the display
panel may be adjusted. Therefore, a visibility may be
improved in an outdoor environment having sunlight. In
addition, the flexible electrochromic substrate includes the
first and second barrier layers disposed between the first and
second flexible substrate layers and thus may block moisture
or water permeated from the outside into the display panel.
[0138] The foregoing is illustrative of the inventive con-
cept and is not to be construed as limiting thereof. Although
a few exemplary embodiments of the inventive concept have
been described, those skilled in the art will readily appre-
ciate that many modifications are possible in the exemplary
embodiments without materially departing from the novel
teachings and advantages of the inventive concept. Accord-
ingly, all such modifications are intended to be included
within the scope of the inventive concept as defined in the
claims. In the claims, means-plus-function clauses are
intended to cover the structures described herein as perform-
ing the recited function and not only structural equivalents
but also equivalent structures. Therefore, it is to be under-
stood that the foregoing is illustrative of the inventive
concept and is not to be construed as limited to the specific
exemplary embodiments disclosed, and that modifications to
the disclosed exemplary embodiments, as well as other
exemplary embodiments, are intended to be included within
the scope of the appended claims. The inventive concept is
defined by the following claims, with equivalents of the
claims to be included therein.

What is claimed is:

1. A display panel comprising:

a flexible electrochromic substrate comprising a first
flexible substrate layer, a second flexible substrate layer
opposing to the first flexible substrate layer and an
electrochromic part disposed between the first and
second flexible substrate layers and configured to dis-
color in response to a driving signal;

a transistor layer disposed on the flexible electrochromic
substrate, the transistor layer comprising a plurality of
transistors; and
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an organic light emitting diode layer disposed on the
flexible electrochromic substrate on which the transis-
tor layer is disposed, the organic light emitting diode
layer comprising a plurality of organic light emitting
diodes connected to the plurality of transistors.

2. The display panel of claim 1, wherein the electrochro-
mic part comprises a first electrode, a second electrode
overlapping with the first electrode and an electrochromic
layer disposed between the first and second electrodes.

3. The display panel of claim 2, wherein at least one of the
first electrode and the second electrode in the electrochromic
part is patterned corresponding to a pixel.

4. The display panel of claim 2, wherein at least one of the
first electrode and the second electrode in the electrochromic
part is patterned corresponding to a block area including a
plurality of pixels.

5. The display panel of claim 1, wherein the flexible
electrochromic substrate comprises a display area in which
the organic light emitting diodes are arranged and a periph-
eral area surrounding the display area,

the display panel further comprising a first pad part
disposed in the peripheral area of the first flexible
substrate layer and configured to receive a driving
signal for the electrochromic part.

6. The display panel of claim 5, wherein the first pad part
comprises a first pad electrode extending from the first
electrode and a second pad electrode extending from the
second electrode.

7. The display panel of claim 5, further comprising a
second pad part disposed in the peripheral area of the second
flexible substrate layer and configured to receive a driving
signal for the plurality of transistors.

8. The display panel of claim 7, wherein the first pad part
is disposed adjacent to the second pad part.

9. The display panel of claim 7, wherein the second
flexible substrate layer exposes the first pad part disposed in
the peripheral area of the first flexible substrate layer.

10. The display panel of claim 2, wherein the electro-
chromic layer covers edge areas of the first electrode and has
a size greater than that of the first electrode.

11. The display panel of claim 10, wherein the electro-
chromic layer covers edge areas of the second electrode and
has a size greater than that of the second electrode.

12. The display panel of claim 1, wherein the flexible
electrochromic substrate further comprises:

a first barrier layer disposed on the first flexible substrate

layer; and

a second barrier layer disposed between the electrochro-
mic part and the second flexible substrate layer.

13. A display apparatus comprising:

a display panel comprising a flexible electrochromic
substrate comprising:

a first flexible substrate layer, a second flexible substrate
layer opposing to the first flexible substrate layer and an
electrochromic part disposed between the first and
second flexible substrate layers and configured to dis-
color in response to a driving signal, a transistor layer
disposed on the flexible electrochromic substrate, the
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transistor layer comprising a plurality of transistors,
and an organic light emitting diode layer comprising a
plurality of organic light emitting diodes connected to
the plurality of transistors;

a first flexible circuit board disposed on the first flexible
substrate layer and configured to provide the electro-
chromic part with a driving signal; and

a second flexible circuit board disposed on the second
flexible substrate layer and configured to provide the
plurality of transistors with a driving signal.

14. The display apparatus of claim 13, wherein the
electrochromic part comprises a first electrode, a second
electrode overlapping with the first electrode and an elec-
trochromic layer disposed between the first and second
electrodes.

15. The display apparatus of claim 14, wherein at least
one of the first electrode and the second electrode in the
electrochromic part is patterned corresponding to a pixel.

16. The display apparatus of claim 14, wherein at least
one of the first electrode and the second electrode in the
electrochromic part is patterned corresponding to a block
area including a plurality of pixels.

17. The display apparatus of claim 13, wherein the
flexible electrochromic substrate comprises a display area in
which the organic light emitting diodes are arranged and a
peripheral area surrounding the display area,

the display panel further comprising a first pad part
disposed in the peripheral area of the first flexible
substrate layer and configured to receive a driving
signal for the electrochromic part.

18. The display apparatus of claim 17, wherein the first
pad part comprises a first pad electrode extending from the
first electrode and a second pad electrode extending from the
second electrode.

19. The display apparatus of claim 17, wherein the display
panel further comprising a second pad part disposed in the
peripheral area of the second flexible substrate layer and
configured to receive a driving signal for the plurality of
transistors.

20. The display apparatus of claim 19, wherein the first
pad part is disposed adjacent to the second pad patt.

21. The display apparatus of claim 19, wherein the second
flexible substrate layer exposes the first pad part disposed in
the peripheral area of the first flexible substrate layer.

22. The display apparatus of claim 19, wherein the
electrochromic layer covers edge areas of the first electrode
and has a size greater than that of the first electrode.

23. The display apparatus of claim 19, wherein the
electrochromic layer covers edge areas of the second elec-
trode and has a size greater than that of the second electrode.

24. The display apparatus of claim 19, wherein the
flexible electrochromic substrate further comprises:

a first barrier layer disposed on the first flexible substrate

layer; and

a second barrier layer disposed between the electrochro-
mic part and the second flexible substrate layer.
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