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LIQUID CRYSTAL DISPLAY

Aliquid crystal display is disclosed. The liquid crystal display includes an upper plate and a lower plate positioned
opposite each other with a liquid crystal layer interposed therebetween, and a spacer positioned between the upper
plate and the lower plate. The lower plate includes a lower electrode and an upper electrode configured to overlap each
other with an insulating layer interposed therebetween, and an alignment layer configured to contact the lower electrode
and the upper electrode. The alignment layer contacts the lower electrode through a hole passing through the insulating
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Description

[0001] This application claims the benefit of Korean Patent Application No. 10-2014-0056172 filed on April 21, 2015,
the entire contents of which is incorporated herein by reference for all purposes as if fully set forth herein.

BACKGROUND OF THE INVENTION

Field of the Invention

[0002] Embodiments of the invention relate to a liquid crystal display having a low speed driving mode.

Discussion of the Related Art

[0003] Various flat panel displays, such as a liquid crystal display (LCD), a plasma display panel (PDP), an organic
light emitting diode (OLED) display, and an electrophoresis display (EPD), have been developed. The liquid crystal
display displays an image by controlling an electric field applied to liquid crystal molecules based on a data voltage. An
active matrix liquid crystal display includes a thin film transistor (TFT) in each pixel.

[0004] The liquid crystal display includes a liquid crystal display panel, a backlight unit irradiating light onto the liquid
crystal display panel, source driver integrated circuits (ICs) for supplying a data voltage to data lines of the liquid crystal
display panel, gate driver ICs for supplying gate pulses (or scan pulses) to gate lines (or scan lines) of the liquid crystal
display panel, a control circuit for controlling the source driver ICs and the gate driver ICs, a light source driving circuit
for driving light sources of the backlight unit, and the like.

[0005] Whena DC voltage is applied to liquid crystals of the liquid crystal display, image persistence may be generated.
The image persistence is a phenomenon, in which a previous image is seen although a screen image is updated. The
image persistence remarkably appears when a static image is displayed on the liquid crystal display for a long period
of time or an application time of the DC voltage applied to the liquid crystals increases. As an example of a mechanism
generating the image persistence, there is a phenomenon, in which impurity ions in a liquid crystal layer are accumulated
on an alignment layer for setting a pretilt angle of liquid crystal molecules. Negatively charged ions and positively charged
ions based on a polarity of an electric field applied to the liquid crystals move along a motion vector and are polarized
in opposite directions. Because the motion vector is not changed, an amount of impurity ions accumulated on the
alignment layer increases as time passed. An increase in the amount of impurity ions affects a behavior characteristic
returning to an initial alignment state of the liquid crystals, thereby generating the image persistence.

[0006] The liquid crystal display may operate in a low speed driving mode so as to reduce power consumption and
may reduce a frame rate or a frame frequency when an input image is the static image. However, when the frame
frequency is reduced, a luminance may be suddenly changed each time the data voltage is changed. Further, because
a voltage discharge time of the pixel increases, a flicker phenomenon, in which the image flickers, may be generated.
Thus, a method capable of preventing a reduction in image quality of the liquid crystal display in the low speed driving
mode is required.

[0007] Further, the low speed driving mode is weak to the image persistence because the application time of the DC
voltage applied to the liquid crystals increases. Thus, a method capable of preventing a reduction in the image quality
of the liquid crystal display in the low speed driving mode is required.

SUMMARY OF THE INVENTION

[0008] Embodiments of the invention provide a liquid crystal display capable of preventing a reduction in image quality
in a low speed driving mode.

[0009] In one aspect, there is a liquid crystal display comprising an upper plate and a lower plate positioned opposite
each other with a liquid crystal layer interposed therebetween, and a spacer positioned between the upper plate and
the lower plate.

[0010] The lower plate includes a lower electrode and an upper electrode configured to overlap each other with an
insulating layer interposed therebetween, and an alignment layer configured to contact the lower electrode and the upper
electrode. The alignment layer contacts the lower electrode through a hole passing through the insulating layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] The accompanying drawings, which are included to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification, illustrate embodiments of the invention and together with the
description serve to explain the principles of the invention. In the drawings:
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FIG. 1 is a block diagram showing a liquid crystal display according to an exemplary embodiment of the invention;
FIG. 2 shows a structure of a lower plate of a liquid crystal display according to a first embodiment of the invention;
FIG. 3 shows a structure of a lower plate of a liquid crystal display according to a second embodiment of the invention;
FIGS. 4A and 4B show a result of an image persistence experiment conducted on a related art and an embodiment
of the invention;

FIG. 5 shows an image pattern of a sample used in an image persistence experiment;

FIGS. 6A to 6E show various ratios of a contact area between an alignment layer and a pixel electrode to a contact
area between the alignment layer and a common electrode;

FIG. 7 is a plane view enlarging one subpixel in a liquid crystal display according to a first embodiment of the invention;
FIG. 8 is a cross-sectional view taken along line I-I' of FIG. 6 and shows a cross-sectional structure of a lower plate
of a liquid crystal display;

FIG. 9 is a cross-sectional view showing conductive connectors overlapping a data line and a column spacer;
FIG. 10 shows a structure of a lower plate of a liquid crystal display according to a third embodiment of the invention;
FIG. 11 shows a structure of a lower plate of a liquid crystal display according to a fourth embodiment of the invention;
FIG. 12 is a plane view enlarging one subpixel in a liquid crystal display according to a third embodiment of the
invention;

FIG. 13 is a cross-sectional view taken along line ll-II' of FIG. 12 and shows a cross-sectional structure of a lower
plate of a liquid crystal display;

FIG. 14 is a cross-sectional view showing a method for forming an open hole in the liquid crystal display shown in
FIG. 13;

FIG. 15is a plane view showing a comparison between an exemplary embodiment of the invention and a comparative
example with respect to an open area of a pixel structure; and

FIG. 16 is cross-sectional views taken along lines llI-1lI' and IV- IV’ of FIG. 15 and shows a cross-sectional structure
of a lower plate of a liquid crystal display.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0012] Reference will now be made in detail to embodiments of the invention, examples of which are illustrated in the
accompanying drawings. Wherever possible, the same reference numbers will be used throughout the drawings to refer
to the same or like parts. It will be paid attention that detailed description of known arts will be omitted if it is determined
that the arts can mislead the embodiments of the invention.

[0013] Referring to FIG. 1, a liquid crystal display according to an exemplary embodiment of the invention includes a
display panel 100 including a pixel array, a display panel driver for writing data of an input image on the display panel
100, and the like. A backlight unit for uniformly irradiating light onto the display panel 100 may be disposed under the
display panel 100.

[0014] The liquid crystal display according to the embodiment of the invention may be implemented as any type liquid
crystal display including a transmissive liquid crystal display, a transflective liquid crystal display, and a reflective liquid
crystal display. The transmissive liquid crystal display and the transflective liquid crystal display require the backlight
unit. The backlight unit may be implemented as a direct type backlight unit or an edge type backlight unit.

[0015] The display panel 100 includes an upper plate and a lower plate, which are positioned opposite each other
with a liquid crystal layer interposed therebetween. The pixel array of the display panel 100 includes pixels arranged in
a matrix form based on a crossing structure of data lines S1 to Sm and gate lines G1 to Gn. Each pixel adjusts a
transmission amount of light using liquid crystal molecules driven by a voltage difference between a pixel electrode 1
charged to a data voltage through a thin film transistor (TFT) and a common electrode 2, to which a common voltage
Vcom is supplied.

[0016] The lower plate of the display panel 100 includes the data lines S1 to Sm, the gate lines G1 to Gn, the common
electrode 2, thin film transistors (TFTs), the pixel electrodes 1 connected to the TFTs, storage capacitors Cst connected
to the pixel electrodes 1, and the like. Each TFT is formed in each subpixel and is connected to the pixel electrode 1.
The TFT may be implemented as an amorphous silicon (a-Si) TFT, a low temperature polysilicon (LTPS) TFT, an oxide
TFT, and the like. The TFTs are respectively connected to the pixel electrodes 1 of the subpixels. The common electrode
2 and the pixel electrode 1 are separated from each other with an insulating layer interposed therebetween.

[0017] A colorfilter array including black matrixes and color filters is formed on the upper plate of the display panel 100.
[0018] Theliquid crystal layeris formed between the upper plate and the lower plate of the display panel 100. Polarizing
plates are respectively attached to the upper plate and the lower plate of the display panel 100. Alignment layers for
setting a pretilt angle of liquid crystals are respectively formed on the upper plate and the lower plate of the display panel
100. The alignment layer is formed of a polymer material capable of being photoaligned, for example, polyimide. A
spacer for maintaining a cell gap of a liquid crystal cell Clc may be formed between the upper plate and the lower plate
of the display panel 100.
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[0019] The embodiment of the invention brings the alignment layer into contact with the common electrode 2 and the
pixel electrode 1 and forms a discharge path on the alignment layer, so as to reduce image persistence and a flicker of
the liquid crystal display.

[0020] The embodiment of the invention implements the TFT of the pixel array as the oxide TFT and implements the
liquid crystal layer using negative liquid crystals (nLC), so as to further improve image quality of the liquid crystal display
in a low speed driving mode. Further, photoalignment processing is performed on the alignment layer.

[0021] Because a leakage current of the oxide TFT in an off-state is very low, a discharge of the pixels can be
suppressed in the low speed driving mode. The oxide TFT may be applied to a liquid crystal display using an etch stopper
ES (refer to FIGS. 7 and 8) and also may be applied to a back channel etch (BCE) liquid crystal display.

[0022] The photoalignment layer may improve a contrast ratio by reducing a light leakage phenomenon. Ultraviolet
ray is irradiated onto the photoalignment layer in an alignment process of the liquid crystal molecules. The photoalignment
layer causes the pretilt angle of the liquid crystal to be close to zero and can implement the uniform image quality
irrespective of a viewing angle.

[0023] Because a transmittance of the negative liquid crystal is greater than a transmittance of a positive liquid crystal,
the negative liquid crystals may improve a luminance of an image. The negative liquid crystal is a liquid crystal, in which
a difference between a dielectric constant of a long axis and a dielectric constant of a short axis is a negative value.
When a voltage is applied to the negative liquid crystal, a short axis of a liquid crystal molecule is parallel to an electric
field E.

[0024] The display panel driver includes a data driver 102 and a gate driver 104. The display panel driver operates in
the low speed driving mode when a static image is input under the control of a timing controller 106, and operates in a
normal driving mode when a motion picture is input under the control of the timing controller 106. A frame frequency (or
a frame rate) of the low speed driving mode is lower than a frame frequency of the normal driving mode.

[0025] The data driver 102 includes a plurality of source driver ICs. Data output channels of the source driver ICs are
connected to the data lines S1 to Sm of the pixel array. The source driver ICs receive digital video data of the input
image from the timing controller 106. The source driver ICs convert the digital video data of the input image into positive
and negative gamma compensation voltages under the control of the timing controller 106 and output positive and
negative data voltages. An output voltage of the source driver ICs is supplied to the data lines S1 to Sm. Because a
frame frequency of each of the source driver ICs of the data driver 102 is reduced in the low speed driving mode, an
operating frequency of each source driver IC is reduced.

[0026] Each source driver IC inverts a polarity of the data voltage to be supplied to the pixels under the control of the
timing controller 106 and outputs it to the data lines S1 to Sm. The source driver ICs maintain the polarity of the data
voltage applied to the data lines S1 to Sm during one frame period and then may invert the polarity of the data voltage
in each frame period. A length of one frame period in the low speed driving mode increases due to the reduced frame
frequency.

[0027] The gate driver 104 sequentially supplies gate pulses synchronized with the data voltage to the gate lines G1
to Gn under the control of the timing controller 106. The gate pulses output from the gate driver 104 are synchronized
with the positive and negative data voltages, to which the pixels will be charged. The gate driver 104 may be directly
formed on the lower plate of the display panel 100 along with the pixel array, so as to reduce the cost of gate driver ICs.
Because a frame frequency of the gate driver 104 is reduced in the low speed driving mode, an operating frequency of
the gate driver 104 is reduced.

[0028] The timing controller 106 transmits the digital video data of the input image received from a host system 110
to the data driver 102. The timing controller 106 receives timing signals synchronized with the data of the input image
from the host system 110. The timing signals include a vertical sync signal Vsync, a horizontal sync signal Hsync, a data
enable signal DE, and a clock CLK, etc. The timing controller 106 controls operation timings of the data driver 102 and
the gate driver 104 based on the timing signals Vsync, Hsync, DE, and CLK received along with pixel data of the input
image. The timing controller 106 may transmit a polarity control signal for controlling a polarity of the pixel array to each
of the source driver ICs of the data driver 102.

[0029] The timing controller 106 may control the operation timing of the display panel driver at a frame frequency (unit:
Hz) of {(a frame frequency of the input image) X N} in the normal driving mode, where N is a positive integer. The frame
frequency of the input image in the normal driving mode is 60 Hz in a NTSC (National Television Standards Committee)
manner and is 50 Hz in a PAL (Phase-Alternating Line) manner. The frame frequency of the input image in the low speed
driving mode may be reduced to 1 Hz to 30 Hz, but is not limited thereto.

[0030] The host system 110 may be implemented as one of a television system, a set-top box, a navigation system,
a DVD player, a Blu-ray player, a personal computer (PC), a home theater system, and a phone system.

[0031] Theliquid crystal display according to the embodiment of the invention further includes a power unit (not shown).
The power unit generates voltages required to drive the display panel 100 using a DC-DC converter. The voltages
includes a high potential power voltage Vdd, a logic power voltage Vcc, a gamma reference voltage, a gate high voltage
VGH, a gate low voltage VGL, a common voltage Vcom, and the like. The high potential power voltage Vdd is a maximum
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value of the data voltage, to which the pixels of the display panel 100 will be charged. The logic power voltage Vcc is a
power voltage required to drive the timing controller 106, the source driver ICs of the data driver 102, and the gate driver
ICs of the gate driver 104. The gate high voltage VGH is a high logic voltage of the gate pulse, which is set to be equal
to or greater than a threshold voltage of the TFTs of the pixel array. The gate low voltage VGL is a low logic voltage of
the gate pulse, which is set to be less than the threshold voltage of the TFTs of the pixel array. The gate high voltage
VGH and the gate low voltage VGL are supplied to the gate driver 104. The gate pulse swings between the gate high
voltage VGH and the gate low voltage VGL. The common voltage Vcom is supplied to the common electrode 2 of the
liquid crystal cells Clc. The power unit divides the high potential power voltage Vdd and generates the gamma reference
voltage. The gamma reference voltage is supplied to the source driver ICs of the data driver 102. The source driver ICs
divide the gamma reference voltage and generate positive and negative gamma compensation voltages of each gray
level. The source driver ICs convert the digital video data into the positive and negative gamma compensation voltages
and output the data voltage.

[0032] FIG. 2shows astructure of alower plate of a liquid crystal display according to a firstembodiment of the invention.
[0033] Referring to FIG. 2, the liquid crystal display according to the first embodiment of the invention includes a pixel
electrode PXL disposed over a common electrode COM with an insulating layer interposed therebetween, a conductive
connector CNT contacting the common electrode COM, and an alignment layer Pl contacting the pixel electrode PXL
and the conductive connector CNT. A passivation layer PAS1 is an insulating layer formed between the common electrode
COM and the pixel electrode PXL. Because the conductive connector CNT is connected to the common electrode COM,
the conductive connector CNT may be a portion of the common electrode COM.

[0034] In the first embodiment of the invention, the common electrode COM is a lower electrode positioned under the
pixel electrode PXL, and the pixel electrode PXL is an upper electrode.

[0035] The conductive connector CNT is formed on the same level layer as the pixel electrode PXL, is filled in a contact
hole passing through the passivation layer PAS1, and contacts the common electrode COM. The conductive connector
CNT contacts the alignment layer PI. The conductive connector CNT is formed of the same material as the pixel electrode
PXL and may be patterned at the same time as the pixel electrode PXL, but is not limited thereto. The conductive
connector CNT may be formed of a metal material different from the pixel electrode PXL. The conductive connector
CNT connects the alignment layer PI to the pixel electrode PXL and the common electrode COM and forms a discharge
path of ions accumulated on the alignment layer PI. The conductive connector CNT covers the common electrode COM
and prevents the common electrode COM from being etched in a process for etching the pixel electrode PXL. Further,
the conductive connector CNT prevents an increase in a height difference in a connection portion between the alignment
layer Pl and the common electrode COM.

[0036] The common electrode COM may be formed on an organic passivation layer PAC. The conductive connector
CNT may overlap one of the data line DL and the spacer, so as to minimize a reduction in an aperture ratio of the pixel.
Alternatively, the conductive connector CNT may overlap both the data line DL and the spacer.

[0037] The black matrix overlaps the TFT, the data line DL, the gate line GL, the spacer, and the conductive connector
CNT, so that the above components are not seen.

[0038] FIG. 3 shows a structure of a lower plate of a liquid crystal display according to a second embodiment of the
invention.

[0039] Referring to FIG. 3, the liquid crystal display according to the second embodiment of the invention includes a
common electrode COM disposed over a pixel electrode PXL with an insulating layer interposed therebetween, a con-
ductive connector CNT contacting the pixel electrode PXL, and an alignment layer Pl contacting the common electrode
COM and the conductive connector CNT. A passivation layer PAS1 is an insulating layer formed between the common
electrode COM and the pixel electrode PXL. Because the conductive connector CNT is connected to the common
electrode COM, the conductive connector CNT may be a portion of the common electrode COM.

[0040] In the second embodiment of the invention, the pixel electrode PXL is a lower electrode positioned under the
common electrode COM, and the common electrode COM is an upper electrode.

[0041] The conductive connector CNT is formed on the same level layer as the common electrode COM, is filled in a
contact hole passing through the passivation layer PAS1, and contacts the pixel electrode PXL. The conductive connector
CNT contacts the alignment layer Pl. The conductive connector CNT is formed of the same material as the common
electrode COM and may be patterned at the same time as the common electrode COM, but is not limited thereto. The
conductive connector CNT may be formed of a metal material different from the common electrode COM. The conductive
connector CNT connects the alignment layer Pl to the pixel electrode PXL and the common electrode COM and forms
adischarge path of ions accumulated on the alignment layer PIl. The conductive connector CNT covers the pixel electrode
PXL and prevents the pixel electrode PXL from being etched in a process for etching the common electrode COM.
Further, the conductive connector CNT prevents an increase in a height difference in a connection portion between the
alignment layer Pl and the common electrode COM.

[0042] The pixel electrode PXL may be formed on an organic passivation layer PAC. The conductive connector CNT
may overlap the data line DL or may overlap the spacer and the conductive connector CNT, so as to minimize a reduction
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in an aperture ratio of the pixel. The black matrix overlaps the TFT, the data line DL, the gate line GL, and the spacer,
so that the above components are not seen.

[0043] The presentinventor conducted an image persistence and flicker experiment on various alignment layers each
having a different resistance. According to the image persistence experiment, because a discharge path of ions was
formed when the alignment layer contacted the pixel electrode PXL and the common electrode COM, a problem of the
image persistence and the flicker was improved. The present inventor confirmed an improvement effect of the image
persistence and the flicker when the resistance of the alignmentlayer Pl was high. Further, the present inventor conducted
the image persistence experiment depending on changes in a ratio of a contact area between the alignment layer PI
and the pixel electrode PXL to a contact area between the alignment layer and the common electrode COM. As a result
of the image persistence experiment, the present inventor confirmed the improvement effect of the image persistence
when the ratio is changed.

[0044] FIGS.4Aand4B showaresultofanimage persistence and flicker experiment ofarelated art and the embodiment
of the invention. In the image persistence experiment, a sample selected as the related art is a liquid crystal display, in
which a common electrode COM and a pixel electrode PXL are separated from each other with an insulating layer
interposed therebetween and an alignment layer Pl is connected only to the pixel electrode PXL.

[0045] In the image persistence experiment, a sample selected as the embodiment of the invention is a liquid crystal
display of FIGS. 7 to 9 including the lower plate of the structure shown in FIG. 2. The image persistence and flicker
experiment is an experiment conforming whether or not the image persistence is generated when after white gray level
blocks and black gray level blocks are displayed on the screen of the liquid crystal display and are maintained for a
predetermined period of time, a gray level of pixel data is changed to a middle gray level, for example, "127" throughout
the entire screen of the liquid crystal display. As a result of the image persistence experiment, the image persistence
was confirmed in the related art as shown in FIG. 4A, but the image persistence was not generated in the embodiment
of the invention as shown in FIG. 4B.

[0046] FIG. 5 shows an image pattern of a sample used in an image persistence experiment.

[0047] In FIG. 5, (A) shows pixels of a white gray level block in a solid pattern for inducing the image persistence in
the liquid crystal display. In case of the solid pattern, after a white gray level voltage is supplied to positive pixels and
negative pixels of the white gray level block, a middle gray level voltage is supplied to the positive pixels and the negative
pixels of the white gray level block after a predetermined period of time passed. After a black gray level voltage is supplied
to positive pixels and negative pixels of the black gray level block, a middle gray level voltage is supplied to the positive
pixels and the negative pixels of the black gray level block after a predetermined period of time passed. The positive
pixels are pixels, to which the positive data voltage is supplied, and the negative pixels are pixels, to which the negative
data voltage is supplied. The polarity of the data voltage is inverted on a per frame basis.

[0048] In FIG. 5, (B) shows pixels of a white gray level block in a flicker pattern for inducing the flicker in the liquid
crystal display. In case of the flicker pattern, a white gray level voltage is supplied to pixels of a first polarity in the white
gray level block, and a black gray level voltage is supplied to pixels of a second polarity in the white gray level block.
After a predetermined period of time passed, a middle gray level voltage is supplied to the pixels. The first polarity is a
positive polarity or a negative polarity, and the second polarity is a polarity different from the first polarity. After a black
gray level voltage is supplied to positive pixels and negative pixels of the black gray level block, a middle gray level
voltage is supplied to the positive pixels and the negative pixels of the black gray level block after a predetermined period
of time passed.

[0049] As shown in FIGS. 6A to 6E, the present inventor confirmed the improvement effect of the image persistence
while variously changing a ratio of a contact area between the alignment layer Pl and the pixel electrode PXL to a contact
area between the alignment layer Pl and the common electrode COM in the image persistence experiment. In FIGS.
6A to 6E, the size of the contact area between the alignment layer Pl and the pixel electrode PXL is not changed, and
the size of the contact area between the alignment layer Pl and the common electrode COM is changed. As shown in
FIGS. 6A to 6E, the size of the contact area between the alignment layer Pl and the common electrode COM is changed
depending on changes in the number and the size of conductive connectors CNT.

[0050] The alignment layer PI contacts the common electrode COM through conductive connectors CNT, CNT1, and
CNT2 disposed on the data line DL or on a column spacer CS and directly contacts the pixel electrode PXL. In FIG. 6E,
"CNT1" is a first conductive connector disposed on the data line DL, and "CNT2" is a second conductive connector
overlapping the column spacer CS. The conductive connectors CNT, CNT1, and CNT2 overlap the black matrix BM and
are covered by the black matrix BM. FIG. 9 is a cross-sectional view showing the conductive connectors CNT1 and
CNT2 shown in FIG. 6E.

[0051] According to the result of the image persistence and flicker experiment, the present inventor confirmed the
improvement effect of the image persistence as indicated by the following Table 1 when the ratio of the contact area
between the alignment layer Pl and the pixel electrode PXL to the contact area between the alignment layer Pl and the
common electrode COM was 2:1 to 6:1.
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[Table 1]
Drawing FIG. 6A FIG. 6B FIG. 6C FIG. 6D FIG. 6E
Pixel
Contact electrode | 4776.0 um2 | 4776.0 um?2 4776.0 pm? 4776.0 pm?2 4776.0 pm?2
area of (PXL)
alignment | common
layer electrode 729.1 um?2 727.4 pm?2 1212.8 pm? 1480.6 um?2 2303.9 pm?
(COM)
Ratio of contact area
(PXL : COM) 6:1 6:1 4:1 3:1 2:1
Contact on Contact on Increase in Further increase Contact on both
both sidesof | one side of contact areaon | incontactareaon | sides of dataline
Contact location data line in data line in both sides of bothsidesofdata | and contact ata
each each datalineineach | line in each locationofspacer
subpixel subpixel subpixel subpixel in each subpixel

[0052] FIG. 7 is a plane view enlarging one subpixel in the liquid crystal display according to the first embodiment of
the invention. FIG. 8 is a cross-sectional view taken along line I-I' of FIG. 7 and shows a cross-sectional structure of the
lower plate of the liquid crystal display. FIG. 9 is a cross-sectional view showing the conductive connectors CNT1 and
CNT2 shown in FIG. 6E. The liquid crystal display shown in FIGS. 7 to 9 includes the lower plate of the structure shown
in FIG. 2.

[0053] Referring to FIGS. 7 to 9, the lower plate includes a TFT, a gate insulating layer Gl, an etch stopper ES, a first
inorganic passivation layer PASO, an organic passivation layer PAC, a common electrode COM, a second inorganic
passivation layer PAS1, a conductive connector CNT, a pixel electrode PXL, and a lower alignment layer PI.

[0054] The gate line GL and a gate G of the TFT are formed on a lower substrate SUBS1. The gate insulating layer
Gl is formed of an inorganic insulating material such as SiOx and SiNx and covers the gate G of the TFT. The gate G
of the TFT is integrated with the gate line GL. A semiconductor pattern ACT is formed on the gate insulating layer Gl
and overlaps the gate G of the TFT. The semiconductor pattern ACT is formed of a semiconductor material, such as
amorphous silicon (a-Si), low temperature polysilicon (LTPS), and oxide semiconductor, and is used as an active channel
layer of the TFT. A source S and a drain D of the TFT are formed on the semiconductor pattern ACT and overlap the
gate G of the TFT. The drain D of the TFT is integrated with the data line DL. The source S of the TFT contacts the pixel
electrode PXL through a contact hole CH passing through the first inorganic passivation layer PASO, the organic pas-
sivation layer PAC, and the second inorganic passivation layer PAS1. The etch stopper ES is formed of an inorganic
insulating material such as SiOx and is formed on the semiconductor pattern ACT and the gate insulating layer GI. The
etch stopper ES protects the semiconductor pattern ACT from an etchant when the source S and the drain D of the TFT
are etched. The first inorganic passivation layer PASO is formed of an inorganic insulating material, such as SiOx and
SiNx, and covers the TFT and the etch stopper ES. The organic passivation layer PAC is formed of an organic insulating
material, such as photo-acryl, and covers the first inorganic passivation layer PASO. The common electrode COM, the
conductive connector CNT, and the pixel electrode PXL may be formed of a transparent electrode material, such as
indium tin oxide (ITO).

[0055] The common electrode COM is formed on the organic passivation layer PAC. The second inorganic passivation
layer PAS1 is formed of an inorganic insulating material, such as SiOx and SiNx, and covers the common electrode
COM. The conductive connector CNT is connected to the common electrode COM through a contact hole passing
through the second inorganic passivation layer PAS1. The pixel electrode PXL is formed on the second inorganic
passivation layer PAS1 and overlaps the common electrode COM. The pixel electrode PXL and the conductive connector
CNT may be simultaneously formed using the same material. The pixel electrode PXL contacts the source S of the TFT
through the contact hole CH.

[0056] The lower alignment layer Pl is formed on the second inorganic passivation layer PAS1 and covers the pixel
electrode PXL and the conductive connector CNT. The lower alignment layer Pl directly contacts the pixel electrode
PXL and is connected to the common electrode COM through the conductive connector CNT. The lower alignment layer
P1 contacts the negative liquid crystal nLC on the lower plate and is photoaligned. Hence, the lower alignment layer PI
sets the pretilt angle of the liquid crystal molecules.

[0057] The upper plate includes a black matrix BM, a color filter CF, an upper alignment layer Pl, and a column spacer
CS. The black matrix BM and the color filter CF are formed on an upper substrate SUBS2. The upper alignment layer
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P1 contacts the negative liquid crystal nLC on the upper plate and is photoaligned. Hence, the upper alignment layer PI
sets the pretilt angle of the liquid crystal molecules. The column spacer CS is formed between the upper plate and the
lower plate and maintains a cell gap of a negative liquid crystal layer.

[0058] A position of the pixel electrode PXL and the common electrode COM in the liquid crystal display according to
the second embodiment of the invention and a position of the pixel electrode PXL and the common electrode COM in
the liquid crystal display shown in FIGS. 7 to 9 are reversed. Thus, in FIGS. 7 to 9, the pixel electrode PXL is connected
to the TFT.

[0059] FIG. 10 shows a structure of a lower plate of a liquid crystal display according to a third embodiment of the
invention.

[0060] Referring to FIG. 10, the liquid crystal display according to the third embodiment of the invention includes a
pixel electrode PXL disposed over a common electrode COM with an insulating layer interposed therebetween and an
alignment layer PI contacting the pixel electrode PXL and the common electrode COM. A passivation layer PAS1 is an
insulating layer formed between the common electrode COM and the pixel electrode PXL.

[0061] In the third embodiment of the invention, the common electrode COM is a lower electrode positioned under the
pixel electrode PXL, and the pixel electrode PXL is an upper electrode.

[0062] The passivation layer PAS 1 has an open hole OH exposing the common electrode COM. The open hole OH
exposes the common electrode COM in all of areas except the pixel electrode PXL. For example, the open hole OH
exposes the common electrode COM between the pixel electrodes PXL in an open area of the pixel and also exposes
the common electrode COM in a unopened area covered by the black matrix. The alignment layer Pl contacts the pixel
electrode PXL and contacts the common electrode COM through the open hole OH. Because the alignment layer Pl is
directly connected to the pixel electrode PXL and the common electrode COM, ions accumulated on the alignment layer
P1 are discharged through the pixel electrode PXL and the common electrode COM.

[0063] Because the open hole OH exposes the common electrode COM in a portion other than the pixel electrode
PXL, a contact area between the alignment layer Pl and the common electrode COM in the third embodiment may
increase compared to the above-described embodiments. When the contact area between the alignment layer Pl and
the common electrode COM decreases or a contact resistance therebetween increases, there is a change in an im-
provement effect of the image persistence and the flicker depending on a material of the alignment layer PI. According
to the result of experiment, as shown in FIG. 10, when the contact area between the alignment layer Pl and the common
electrode COM increases, the image persistence and the flicker may be remarkably improved even if there is a change
in a composition or the physical properties of the alignment layer PI.

[0064] FIG. 11 shows a structure of a lower plate of a liquid crystal display according to a fourth embodiment of the
invention.

[0065] Referring to FIG. 11, the liquid crystal display according to the fourth embodiment of the invention includes a
common electrode COM disposed over a pixel electrode PXL with an insulating layer interposed therebetween and an
alignment layer PI contacting the pixel electrode PXL and the common electrode COM. A passivation layer PAS1 is an
insulating layer formed between the common electrode COM and the pixel electrode PXL.

[0066] In the fourth embodiment of the invention, the pixel electrode PXL is a lower electrode positioned under the
common electrode COM, and the common electrode COM is an upper electrode.

[0067] A passivation layer PAS1 has an open hole OH exposing the pixel electrode PXL. For example, the open hole
OH exposes the pixel electrode PXL between the common electrodes COM in an open area of the pixel. The alignment
layer Pl contacts the pixel electrode PXL and contacts the common electrode COM through the open hole OH. Because
the alignment layer Pl is directly connected to the pixel electrode PXL and the common electrode COM, ions accumulated
on the alignment layer Pl are discharged through the pixel electrode PXL and the common electrode COM.

[0068] The fourth embodiment of the invention is substantially the same as the third embodiment of the invention
except that positions of the common electrode COM and the pixel electrodes PXL are reversed.

[0069] FIG. 12 is a plane view enlarging one subpixel in the liquid crystal display according to the third embodiment
of the invention. FIG. 13 is a cross-sectional view taken along line II-II’ of FIG. 12 and shows a cross-sectional structure
of a lower plate of the liquid crystal display.

[0070] Referring to FIGS. 12 and 13, the liquid crystal display includes an upper plate and a lower plate, which are
attached to each other with a liquid crystal layer interposed therebetween. The structure of the upper plate is substantially
the same as the above-described embodiments. The lower plate includes a TFT, a gate insulating layer Gl, an etch
stopper ES, a first inorganic passivation layer PASO, an organic passivation layer PAC, a common electrode COM, a
second inorganic passivation layer PAS1, a pixel electrode PXL, and a lower alignment layer PI.

[0071] The gate line GL and a gate G of the TFT are formed on a lower substrate SUBS1. The gate insulating layer
Gl is formed of an inorganic insulating material such as SiOx and SiNx and covers the gate G of the TFT. The gate G
of the TFT is integrated with the gate line GL. A semiconductor pattern ACT is formed on the gate insulating layer Gl
and overlaps the gate G of the TFT. The semiconductor pattern ACT is formed of a semiconductor material, such as
amorphous silicon (a-Si), low temperature polysilicon (LTPS), and oxide semiconductor, and is used as an active channel



10

15

20

25

30

35

40

45

50

55

EP 3 086 170 A1

layer of the TFT. A source S and a drain D of the TFT are formed on the semiconductor pattern ACT and overlap the
gate G of the TFT. The drain D of the TFT is integrated with the data line DL. The source S of the TFT contacts the pixel
electrode PXL through a contact hole CH passing through the first inorganic passivation layer PASO, the organic pas-
sivation layer PAC, and the second inorganic passivation layer PAS1. The etch stopper ES is formed of an inorganic
insulating material such as SiOx and is formed on the semiconductor pattern ACT and the gate insulating layer GI. The
etch stopper ES protects the semiconductor pattern ACT from an etchant when the source S and the drain D of the TFT
are etched. The first inorganic passivation layer PASO is formed of an inorganic insulating material, such as SiOx and
SiNx, and covers the TFT and the etch stopper ES. The organic passivation layer PAC is formed of an organic insulating
material, such as photo-acryl, and covers the first inorganic passivation layer PAS0. The common electrode COM and
the pixel electrode PXL may be formed of a transparent electrode material, such as indium tin oxide (ITO).

[0072] The common electrode COM is formed on the organic passivation layer PAC. The second inorganic passivation
layer PAS1 is formed of an inorganic insulating material, such as SiOx and SiNx, and covers a portion of the common
electrode COM. The second inorganic passivation layer PAS1 has the open hole OH exposing the common electrode
COM. Because the open hole OH is patterned using a pixel electrode pattern as a mask, the open hole OH exposes
the common electrode COM in all of areas except the pixel electrode PXL.

[0073] The pixel electrode PXL is formed on the second inorganic passivation layer PAS1 and overlaps the common
electrode COM. The pixel electrode PXL contacts the source S of the TFT through the contact hole CH.

[0074] The lower alignment layer Pl is formed on the second inorganic passivation layer PAS1 to cover the pixel
electrode PXL and to cover the common electrode COM through the open hole OH. The lower alignment layer PI directly
contacts the pixel electrode PXL and the common electrode COM. The lower alignment layer Pl contacts the negative
liquid crystal nLC on the lower plate and is photoaligned. Hence, the lower alignment layer Pl sets the pretilt angle of
the liquid crystal molecules.

[0075] When the positions of the pixel electrode PXL and the common electrode COM are reversed and the pixel
electrode PXL is connected to the TFT in the liquid crystal display according to the third embodiment of the invention
shown in FIGS. 12 and 13, the structure of the liquid crystal display according to the third embodiment is substantially
the same as the structure of the liquid crystal display according to the fourth embodiment shown in FIG. 11.

[0076] FIG. 14 is a cross-sectional view showing a method for forming the open hole in the liquid crystal display shown
in FIG. 13.

[0077] Referring to FIG. 14, the passivation layer PAS1 and a pixel electrode material layer are stacked on the common
electrode COM.

[0078] The passivation layer PAS1 and the pixel electrode PXL may be patterned through one photolithography
process. A photoresist is applied to the pixel electrode material layer, and a photomask is aligned on the photoresist.
An exposure process and a development process are performed to pattern the photoresist. Hence, a photoresist pattern
PR is formed on the pixel electrode material layer.

[0079] The embodiment of the invention performs a wet etching process to remain only the pixel electrode material
layer underlying the photoresist pattern PR and to remove other pixel electrode material layer. Hence, the pixel electrode
PXL is formed on the passivation layer PAS 1. Subsequently, the embodiment of the invention performs a dry etching
process in a state where the photoresist pattern PR remains, to etch other passivation layer except the passivation layer
covered by the photoresist pattern PR. Hence, the open hole OH exposing the common electrode COM is formed. The
alignment layer Pl (not shown in FIG. 14) is entirely applied to the lower plate. The alignment layer Pl contacts the pixel
electrode PXL and also contacts the common electrode COM through the open hole OH.

[0080] When the positions of the pixel electrode PXL and the common electrode COM in FIG. 14 are reversed, the
structure of the liquid crystal display shown in FIG. 14 is substantially the same as the structure of the liquid crystal
display shown in FIG. 11.

[0081] The liquid crystal display according to the embodiment of the invention overlaps the pixel electrode PXL and
the common electrode COM in a vertical direction and forms the storage capacitor Cst between the pixel electrode PXL
and the common electrode COM. As a result, the embodiment of the invention brings the alignment layer PI into contact
with the pixel electrode PXL and the common electrode COM, thereby improving the image persistence and the flicker
of the liquid crystal display. Further, because the embodiment of the invention does not separately form the wide storage
capacitor Cstin the pixel, the aperture ratio of the pixel may increase. An increase effect of the aperture ratio is described
in detail with reference to FIGS. 15 and 16.

[0082] FIGS. 15 and 16 show a comparison between a pixel structure according to the embodiment of the invention
and a pixel structure according to a comparative example. In the comparative example, the common electrode COM is
exposed through the open hole passing through the insulating layer PAS1, and the pixel electrode PXL and the common
electrode COM do not overlap each other. The comparative example has the pixel structure similar to the embodiment
of the invention, but is different from the embodiment of the invention in the structure of the storage capacitor. It should
be noted that the comparative example is not a widely known related art.

[0083] FIG. 15 is a plane view showing a comparison between the embodiment of the invention and a comparative
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example with respect to an open area of a pixel structure. FIG. 16 is cross-sectional views taken along lines lll-lII’ and
IV- 1V’ of FIG. 15 and shows a cross-sectional structure of a lower plate of the liquid crystal display.

[0084] FIG. 15 (A) and FIG. 16 (B) show the pixel structure according to the embodiment of the invention shown in
FIGS. 11 and 12, and FIG. 15 (B) and FIG. 16 (B) show the pixel structure according to the comparative example.
[0085] In the pixel structure according to the embodiment of the invention, because the pixel electrode PXL and the
common electrode COM overlap each other, the storage capacitor Cst is formed between the pixel electrode PXL and
the common electrode COM. On the other hands, in the pixel structure according to the comparative example, because
the pixel electrode PXL and the common electrode COM do not overlap each other, the storage capacitor Cst having a
wide area has to be provided. Thus, the embodiment of the invention may further increase the open area of the pixel
compared to the comparative example, thereby increasing the aperture ratio and the transmittance of the pixel.

[0086] Further, because a fringe field capacitance between the pixel electrode PXL and the common electrode COM
in the embodiment of the invention is greater than that in the comparative example, a fringe field driving the liquid crystals
may be applied more strongly than the comparative example.

[0087] As described above, the liquid crystal display according to the embodiment of the invention, in which the upper
electrode and the lower electrode overlap each other with the insulating layer interposed therebetween, brings the
alignment layer into contact with the lower electrode through the contact hole passing through the insulating layer. Hence,
the embodiment of the invention brings the alignment layer into contact with the upper electrode and the lower electrode
and forms the discharge path of ions accumulated on the alignment layer, thereby preventing the accumulation of ions
in the normal driving mode and the low speed driving mode. As a result, the embodiment of the invention can prevent
a reduction in the image quality resulting from the image persistence and the flicker. Further, the embodiment of the
invention may improve the image quality in the low speed driving mode using the negative liquid crystal, the photoalign-
ment layer, and the oxide TFT.

[0088] Although embodiments have been described with reference to a number of illustrative embodiments thereof,
it should be understood that numerous other modifications and embodiments can be devised by those skilled in the art
that will fall within the scope of the principles of this disclosure. More particularly, various variations and modifications
are possible in the component parts and/or arrangements of the subject combination arrangement within the scope of
the disclosure, the drawings and the appended claims. In addition to variations and modifications in the component parts
and/or arrangements, alternative uses will also be apparent to those skilled in the art.

Claims
1. Aliquid crystal display comprising:

an upper plate and a lower plate positioned opposite each other with a liquid crystal layer interposed therebe-
tween;
wherein the lower plate includes:

alower electrode and an upper electrode configured to overlap each other with an insulating layer interposed
therebetween; and

an alignment layer configured to be in contact with the lower electrode and the upper electrode,

wherein the alignment layer is in contact with the lower electrode through a hole passing through the
insulating layer.

2. The liquid crystal display of claim 1, further comprising a conductive connector configured to contact the lower
electrode through the hole.

3. Theliquid crystal display of claim 2, wherein the lower plate further includes a data line and a gate line configured
to cross each other, and
wherein the conductive connector overlaps the data line.

4. The liquid crystal display of claim 2, further comprising a spacer positioned between the upper plate and the lower
plate, wherein the conductive connector overlaps the spacer.

5. The liquid crystal display of claim 2, further comprising a spacer positioned between the upper plate and the lower

plate, wherein the lower plate further includes a data line and a gate line configured to cross each other, and
wherein the conductive connector overlaps both the data line and the spacer.
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The liquid crystal display of any one of claims 2 to 5, wherein the conductive connector is formed of the same material
as the upper electrode and is patterned at the same time as the upper electrode.

The liquid crystal display of claim 1, wherein the hole exposes the lower electrode in an area other than the upper
electrode so that the alignment layer contacts the lower electrode through the hole.

The liquid crystal display of any one of the preceding claims, wherein the liquid crystal layer includes a negative
liquid crystal.

The liquid crystal display of any one of the preceding claims, wherein the alignment layer is a photoalignment layer.
The liquid crystal display of any one of the preceding claims claim, wherein the lower electrode is a common electrode,
to which a common voltage is supplied, and

wherein the upper electrode is a pixel electrode, to which a data voltage is supplied.

The liquid crystal display of any one of claims 1 to 9, wherein the upper electrode is a common electrode, to which

a common voltage is supplied, and
wherein the lower electrode is a pixel electrode, to which a data voltage is supplied.

12
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