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Description

BACKGROUND

(a) Field

[0001] The present application relates to a liquid crystal display and a manufacturing method thereof.

(b) Description of the Related Art

[0002] A liquid crystal display as one of flat panel display devices that are being widely used includes two display
panels, wherein field generating electrodes such as a pixel electrode and a common electrode are formed with a liquid
crystal layer interposed therebetween.
[0003] The liquid crystal display generates an electric field in a liquid crystal layer by applying a voltage to the field
generating electrodes to determine orientations of liquid crystal molecules, also called liquid crystals, of the liquid crystal
layer and control polarization of incident light, thereby displaying an image.
[0004] A technique of forming a plurality of microcavities in a pixel and filling the microcavities with liquid crystals to
implement a display has been developed for one of the liquid crystal displays. Although two sheets of substrates are
used in a conventional liquid crystal display, this technique forms constituent elements on one substrate, thereby reducing
weight, thickness, and the like of the device.
[0005] In a display forming process, liquid crystals may be filled in the microcavities through crystal injection portions,
and then the liquid crystal injection portions may be closed and an encapsulation process may be performed to protect
all elements.
[0006] However, a material employed in the encapsulation process may contact the liquid crystals, thereby contami-
nating them.
[0007] The above information disclosed in this Background section is only for enhancement of understanding of the
background and therefore it may contain information that does not form the prior art that is already known in this country
to a person of ordinary skill in the art.
[0008] US 2014/267966 A1 discloses a liquid crystal display as per the preamble of claim 1.

SUMMARY

[0009] Embodiments have been made in an effort to provide a liquid crystal display, with a capping layer being capable
of blocking liquid crystal injection portions without contaminating liquid crystals and made of a material that facilitates
light blocking.
[0010] An exemplary embodiment provides a liquid crystal display according to claim 1 and notably including: a sub-
strate; a thin film transistor disposed on the substrate; a pixel electrode connected to the thin film transistor; a covering
layer disposed to face the pixel electrode; a capping layer disposed on the covering layer; and a liquid crystal layer
disposed between the pixel electrode and the covering layer and formed by a plurality of microcavities, wherein the
microcavities comprise a liquid crystal material,
wherein a liquid crystal injection portion is formed between the microcavities, the capping layer is disposed to cover the
liquid crystal injection portion, and the capping layer includes a light-blocking material and a water-soluble polymer
material.
[0011] The water-soluble polymer material may include at least one of polyvinyl alcohol (PVA), methoxypolyethylene
glycol, polyethylene glycol, polyethylene glycol diacrylate, polyethylene glycol dimethacrylate, and polyvinylpyrrolidone.
[0012] The light-blocking material may include a water-soluble black dye or a black pigment.
[0013] The water-soluble black dye may include at least one of 2-naphthalenesulfonic acid, trisodium 6-[(7-amino-1-
hydroxy-3-sulphonato-2-naphthyl)azo]-3-4-4-amino-6 or 7-sulphonatonaphthyl-azo-phenyl-azo-4-hydroxynaphthalene-
2-sulphonate, trisodium 4-amino-3-[[4-[[4-[(2-amino-4-hydroxyphenyl)azo]phenyl]amino]-3-sulphonatophenyl] azo]-5-
hydroxy-6-(phenylazo)naphthalene-2,7-disulphonate, and disodium 4-amino-3,6-bis[[4-[(2,4-diaminophenyl)azo]phe-
nyl]azo]-5-hydroxynaphthalene-2,7-dis ulphonate 2,7-naphthalenedisulfonic acid.
[0014] The capping layer may further include a photosensitive material.
[0015] The photosensitive material may include at least one of ammonium dichromate, a diazo resin, a styrylpyridium
group, and a stilbazolium group.
[0016] The capping layer may further include an adhesion catalyst.
[0017] The adhesion catalyst may include a compound represented by Chemical Formula 2.
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[0018] The capping layer may be disposed along the liquid crystal injection portion, and is opened at portions corre-
sponding to the microcavities.
[0019] The capping layer may include a first light blocking member disposed along the liquid crystal injection portion
and a second light blocking member disposed to cross the first light blocking member, and the first light blocking member
and the second light blocking member may include the same material.
[0020] The capping layer may be formed to have a matrix shape in a display area.
[0021] The liquid crystal display may further include a light blocking member disposed along a data line of the thin film
transistor, and the light blocking member may be disposed at a layer that is different from the capping layer disposed
along the liquid crystal injection portion.
[0022] The liquid crystal material of the liquid crystal layer and the capping layer contact each other.
[0023] According to the exemplary embodiments, it is possible to prevent contamination of liquid crystals by forming
the capping layer including the water-soluble polymer material, and additional forming of a light-blocking member can
be omitted by forming the capping layer including the light-blocking material, thereby reducing the processes.

BRIEF DESCRIPTION OF THE DRAWINGS

[0024]

FIG. 1 is a top plan view partially illustrating a peripheral area and a display area in a liquid crystal display according
to an exemplary embodiment;
FIG. 2 is a top plan view showing a region A of FIG. 1 of the liquid crystal display according to an exemplary
embodiment;
FIG. 3 is a cross-sectional view taken along the line III-III of FIG. 2;
FIG. 4 is a cross-sectional view taken along the line IV-IV of FIG. 2;
FIG. 5 is a top plan view of a color filter and a partition in a liquid crystal display according to an exemplary embodiment;
FIG. 6 is a cross-sectional view taken along the line VI-VI of FIG. 5;
FIG. 7 is a top plan view illustrating how a capping layer is disposed in a liquid crystal display according to an
exemplary embodiment;
FIG. 8 is a cross-sectional view illustrating a liquid crystal display according to a modification of the exemplary
embodiment of FIG. 4;
FIG. 9 is a top plan view illustrating how a capping layer is disposed in the liquid crystal display according to the
exemplary embodiment of FIG. 8;
FIG. 10 is a cross-sectional view illustrating a liquid crystal display according to a modification of the exemplary
embodiment of FIG. 4;
FIG. 11 is a flowchart illustrating a manufacturing method of a liquid crystal display according to an example; and
FIGS. 12,13, and 14 are top plan views and cross-sectional views illustrating a manufacturing method of a liquid
crystal display according to an example.

DETAILED DESCRIPTION OF THE EMBODIMENTS

[0025] In the drawings, the thickness of layers, films, panels, regions, etc., are exaggerated for clarity. It will be
understood that when a layer is referred to as being "on" another layer or substrate, it can be directly on the other layer
or substrate, or another layer or substrate intervening them may also be present. Like reference numerals designate
like elements throughout the specification.
[0026] FIG. 1 is a top plan view partially illustrating a peripheral area and a display area in a liquid crystal display
according to an exemplary embodiment.
[0027] Referring to FIG. 1, the liquid crystal display according to the present exemplary embodiment may include a
liquid crystal panel assembly 400, a gate driver (not shown) and a data driver (not shown) connected thereto, a gray
voltage generator (not shown) connected to the data driver, a light source unit (not shown) emitting light to the liquid
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crystal panel assembly 400, a light source driver (not shown) controlling the light source unit, and a signal controller (not
shown) controlling them.
[0028] The gate driver or the data driver may be formed on the liquid crystal panel assembly 400, and may be formed
as a separate integrated circuit chip.
[0029] A substrate 110 of the liquid crystal panel assembly 400 includes a display area DA and a peripheral area PA
positioned to surround the display area DA. The display region DA is a region where an actual image is outputted, and
in the peripheral region PA, the aforementioned gate driver or data driver is formed, or a gate pad portion 121P, a data
pad portion 171P including a gate pad, a data pad, or the like, which is a portion connected to an external circuit, is
positioned. The gate pad is a wide portion positioned at an end of a gate line 121, and the data pad is a wide portion
positioned at an end of a data line 171.
[0030] Hereinafter, constituent elements disposed in a display area DA of the liquid crystal display will be described
in detail with reference to FIG. 2 to FIG. 4.
[0031] FIG. 2 is a top plan view showing a region A of FIG. 1 of the liquid crystal display according to an exemplary
embodiment. FIG. 3 is a cross-sectional view taken along the line III-III of FIG. 2. FIG. 4 is a cross-sectional view taken
along the line IV-IV of FIG. 2.
[0032] FIG. 2 shows a 2 x 2 pixel portion of a plurality of pixels, and these pixels may be repeatedly arranged up/down
and right/left in the liquid crystal display according to an exemplary embodiment.
[0033] Referring to FIG. 2 to FIG. 4, the gate line 121 and a storage electrode line 131 are formed on the substrate
110 made of transparent glass or plastic. The gate line 121 includes a gate electrode 124. The storage electrode line
131 is mainly extended in a horizontal direction, and transfers a predetermined voltage such as a common voltage Vcom.
The storage electrode line 131 includes a pair of vertical storage electrode portions 135a substantially extended to be
perpendicular to the gate line 121, and a horizontal storage electrode portion 135b connecting ends of the pair of vertical
storage electrode portions 135a to each other. The vertical and horizontal storage electrode portions 135a and 135b
have a structure surrounding a pixel electrode 191.
[0034] A gate insulating layer 140 is formed on the gate line 121 and the storage electrode line 131. A semiconductor
layer 151 positioned under the data line 171 and a semiconductor layer 154 positioned under source/drain electrodes
173, 175 and corresponding to a channel region of a thin film transistor Q are formed on the gate insulating layer 140.
[0035] A plurality of ohmic contacts may be formed between the semiconductor layer 151 and the data line 171, and
between the semiconductor layer 154 under the source/drain electrodes 173, 175 and corresponding to the channel
region and the source/drain electrodes 173,175, and are omitted in the drawings.
[0036] Data conductors 171, 173, and 175 including the source electrode 173, the data line 171 connected to the
source electrode 173, and the drain electrode 175 are formed on the semiconductor layers 151 and 154 and the gate
insulating layer 140.
[0037] The gate electrode 124, the source electrode 173, and the drain electrode 175 form a thin film transistor Q
along with the semiconductor layer 154, and the channel of the thin film transistor Q is formed in the exposed portion of
the semiconductor layer 154 between the source electrode 173 and the drain electrode 175.
[0038] A first interlayer insulating layer 180a is formed on the data conductors 171, 173, and 175 and a portion of the
semiconductor layer 154 that is exposed since it is not covered by the source electrode 173 and the drain electrode 175.
The first interlayer insulating layer 180a may include an inorganic insulator such as a silicon nitride (SiNx) and a silicon
oxide (SiOx).
[0039] A second interlayer insulating layer 180b and a third interlayer insulating layer 180c may be positioned on the
first interlayer insulating layer 180a. The second interlayer insulating layer 180b may be formed of the organic material,
and the third interlayer insulating layer 180c may include the inorganic insulator such as the silicon nitride (SiNx) and
the silicon oxide (SiOx). The second interlayer insulating layer 180b is formed of the organic material thereby reducing
or removing a step. Differently from the present exemplary embodiment, one or two of the first interlayer insulating layer
180a, the second interlayer insulating layer 180b, and the third interlayer insulating layer 180c may be omitted.
[0040] A contact hole 185 may be formed to extend through the first interlayer insulating layer 180a, the second
interlayer insulating layer 180b, and the third interlayer insulating layer 180c. A pixel electrode 191 positioned on the
third interlayer insulating layer 180c may be electrically and physically connected to the drain electrode 175 through the
contact hole 185. Hereafter, the pixel electrode 191 will be described in detail.
[0041] The pixel electrode 191 may be made of a transparent conductive material such as ITO or IZO.
[0042] An overall shape of the pixel electrode 191 is a quadrangle, and the pixel electrode 191 includes cross stems
configured by a horizontal stem 191a and a vertical stem 191b crossing the horizontal stem 191a. Further, the pixel
electrode 191 is divided into four sub-regions by the horizontal stem 191a and the vertical stem 191b, and each sub-
region includes a plurality of minute branches 191c. In the present exemplary embodiment, the pixel electrode 191 may
further include an outer stem 191d connecting the minute branches 191c at right and left edges of the pixel electrode
191. In the present exemplary embodiment, the outer stem 191d is positioned at the right and left edges of the pixel
electrode 191, however it may be positioned to extend to an upper portion or a lower portion of the pixel electrode 191.
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[0043] The minute branches 191c of the pixel electrode 191 form an angle of approximately 40° to 45° with the gate
line 121 or the horizontal stem 191a. Further, the minute branches 191c of two adjacent sub-regions may be perpendicular
to each other. In addition, a width of each minute branch 191c may be gradually increased, or a distance between the
minute branches 191c may be varied.
[0044] The pixel electrode 191 includes an extension 197 which is connected at a lower end of the vertical stem 191b,
has a larger area than the vertical stem 191b, and is electrically and physically connected to the drain electrode 175
through the contact hole 185 at the extension 197, thereby receiving the data voltage from the drain electrode 175.
[0045] The thin film transistor Q and the pixel electrode 191 described above are just examples, and a structure of
the thin film transistor and a design of the pixel electrode may be modified in order to improve side visibility.
[0046] A lower alignment layer 11 is formed on the pixel electrode 191, and may be a vertical alignment layer. The
lower alignment layer 11, as a liquid crystal alignment layer made of a material such as polyamic acid, a polysiloxane,
a polyimide, or the like, may include at least one of generally used materials. Further, the lower alignment layer 11 may
be a photoalignment layer.
[0047] An upper alignment layer 21 is disposed at a portion facing the lower alignment layer 11, and a microcavity
305 is formed between the lower alignment layer 11 and the upper alignment layer 21. A liquid crystal material including
liquid crystal molecules 310, sometimes called liquid crystals, is injected into the microcavity 305, and the microcavity
305 has an entrance region 307. The microcavities 305 may be formed along a column direction of the pixel electrode
191, that is, in the vertical direction. In the present exemplary embodiment, the alignment material forming the alignment
layers 11 and 21 and the liquid crystal material including the liquid crystal molecules 310 may be injected into the
microcavity 305 by using capillary force. In the present exemplary embodiment, the lower alignment layer 11 and the
upper alignment layer 21 are merely distinguished according to position, and may be connected to each other as shown
as in FIG. 4. The lower alignment layer 11 and the upper alignment layer 21 may be simultaneously formed.
[0048] The microcavity 305 is divided in the vertical direction by a plurality of liquid crystal injection portions 307FP
positioned at a portion overlapping the gate line 121, thereby forming the plurality of microcavities 305, and the plurality
of microcavities 305 may be formed along a column direction of the pixel electrode 191, that is, in the vertical direction.
Further, the microcavity 305 is divided in the horizontal direction by a partition PWP that will be described later, thereby
forming the plurality of microcavities 305, and the microcavities 305 may be formed along the row direction of the pixel
electrode 191, that is, the horizontal direction in which the gate line 121 extends. The formed microcavities 305 may
respectively correspond to one or more pixel areas, and the pixel areas may correspond to a region displaying the image.
[0049] A common electrode 270 and a lower insulating layer 350 are positioned on the upper alignment layer 21. The
common electrode 270 receives the common voltage, and generates an electric field together with the pixel electrode
191 to which the data voltage is applied to determine a direction in which the liquid crystal molecules 310 positioned at
the microcavity 305 between the two electrodes 270, 191 are inclined. The common electrode 270 forms a capacitor
with the pixel electrode 191 to maintain the received voltage even after the thin film transistor is turned off.
[0050] The lower insulating layer 350 may be formed of a silicon nitride (SiNx) or a silicon oxide (SiOx).
[0051] In the present exemplary embodiment, it is described that the common electrode 270 is formed on the microcavity
305, but in another exemplary embodiment, the common electrode 270 is formed under the microcavity 305, so that
liquid crystal driving according to a coplanar electrode (CE) mode is possible.
[0052] In the present exemplary embodiment, a color filter 230, also called a covering layer 230, is disposed on the
lower insulating layer 350. In the present exemplary embodiment, the covering layer 230 may be formed of a color filter.
As shown in FIG. 4, among the color filters neighboring each other, the color filter 230 of one color forms the partition
PWP. The partition PWP is disposed between the microcavities 305 neighboring in the horizontal direction. The partition
PWP is a portion filling the separation space of the microcavities 305 neighboring in the horizontal direction. As shown
in FIG. 4, the partition PWP completely fills the separation space of the microcavity 305, however it is not limited thereto,
and it may partially fill the separation space. The partition PWP may be formed along the direction that the data line 171
extends.
[0053] The color filters 230 neighboring each other on the partition PWP may overlap. The boundary surface where
the neighboring color filters 230 meet each other may be positioned at the portion corresponding to the partition PWP.
[0054] Hereinafter, the covering layer 230 formed of a color filter according to an exemplary embodiment will be
described with reference to FIG. 5 and FIG. 6.
[0055] FIG. 5 is a top plan view of a color filter 230 and the partition PWP in a liquid crystal display according to an
exemplary embodiment. FIG. 6 is a cross-sectional view taken along the line VI-VI of FIG. 5
[0056] FIG. 5 and FIG. 6 are views to schematically explain the color filter 230 and the partition PWP in the liquid
crystal display according to an exemplary embodiment, and the constituent elements between the substrate 110 and
the microcavity 305 may be applied with the description in FIG. 2 to FIG. 4 as it is.
[0057] Referring to FIG. 5 and FIG. 6, the color filter 230 according to the present exemplary embodiment includes a
first color filter, a second color filter, and a third color filter, and the first color filter may include a blue color filter B, the
second color filter may include a red color filter R, and the third color filter may include a green color filter G.
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[0058] According to the present exemplary embodiment, the partition PWP is formed by any one among the first color
filter, the second color filter, and the third color filter. In an exemplary embodiment, the first color filter corresponding to
the blue color filter B forms the partition PWP. The blue color filter B may include the partition PWP extended from the
portion corresponding to the pixel area PX and the partition PW positioned between the red color filter R and the green
color filter G. In this case, the red color filter R and the green color filter G covering edges opposite to each other in the
partition PWP are simultaneously adjacent to each other, and may overlap on the partition PWP.
[0059] Instead of the blue color filter B, it is possible to form the partition PWP made of the red color filter R or the
green color filter G. However, the blue color filter B has a larger blocking effect compared with the red color filter R or
the green color filter G, and thus there is a merit of reducing reflection of the light if the partition PWP is formed of the
blue color filter B. In addition, the blue color filter B has excellent fluidity of a photoresist of the color filter as well as the
light blocking effect, thereby obtaining a good taper angle. Accordingly, compared with a case that an end shape of the
color filter forming the partition PWP is undercut is vertical, the end of the color filter is slanted with an angle of more
than about 45 degrees, so the color filter coated on the partition PWP while covering the side wall of the partition PWP
may be well formed.
[0060] As shown in FIG. 5, the color filter 230 may be formed to have an island shape to correspond to the pixel area PX.
[0061] For example, color filters 230 which are adjacent to each partition PWP may form the partitions PWP.
[0062] Again referring to FIG. 3 and FIG. 4, an upper insulating layer 370 is disposed on the covering layer (color filter)
230. The upper insulating layer 370 may be formed of silicon nitride (SiNx) or silicon oxide (SiOx). As shown in FIG. 2,
the side surface of the color filter 230 may be covered by the upper insulating layer 370.
[0063] FIG. 7 is a top plan view illustrating how a capping layer 390 is disposed in a liquid crystal display according
to an exemplary embodiment.
[0064] Referring to FIG. 3 and FIG. 7, the capping layer 390 is disposed at the liquid crystal injection portion 307FP
in the display area, and covers the entrance region 307 of the microcavity 305 exposed by the liquid crystal injection
portion 307FP. The capping layer 390 contacts a liquid crystal material positioned at the microcavity 305. In detail, the
capping layer 390 is disposed along the liquid crystal injection portion 307FP, and the capping layer 390 may be not
formed in a portion corresponding to the microcavity 305, which substantially corresponds to the pixel area.
[0065] In the present exemplary embodiment and according to the invention, the capping layer 390 includes a water-
soluble polymer material and a light-blocking material. In the present exemplary embodiment, the water-soluble polymer
material may be polyvinyl alcohol represented by Chemical Formula 1. Further, the water-soluble polymer material
according to the present exemplary embodiment may include at least one of methoxypolyethylene glycol, polyethylene
glycol, polyethylene glycol diacrylate, polyethylene glycol dimethacrylate, and polyvinylpyrrolidone. In Chemical Formula
1, n indicates the number of repeating units, and may be a natural number.

[0066] In the present exemplary embodiment, the light-blocking material may include a water-soluble black dye or a
black pigment. The water-soluble black dye can be dissolved by a capping material that is employed to form the capping
layer 390, and the black pigment may be dispersed in the capping material.
[0067] The water-soluble black dye of the present exemplary embodiment may include at least one of 2-naphthale-
nesulfonic acid, trisodium 6-[(7-amino-1-hydroxy-3-sulphonato-2-naphthyl)azo]-3-4-4-amino-6 or 7-sulphonatonaphthyl-
azo-phenyl-azo-4-hydroxynaphthalene-2-sulphonate, trisodium 4-amino-3-[[4-[[4-[(2-amino-4-hydroxyphenyl)azo]phe-
nyl]amino]-3-sulphonatophenyl] azo]-5-hydroxy-6-(phenylazo)naphthalene-2,7-disulphonate, and disodium 4-amino-
3,6-bis[[4-[(2,4-diaminophenyl)azo]phenyl]azo]-5-hydroxynaphthalene-2,7-dis ulphonate 2,7-naphthalenedisulfonic ac-
id.
[0068] In the present exemplary embodiment, since the capping layer 390 includes the water-soluble polymer material,
even though the capping layer 390 comes into contact with the liquid crystal material that is hydrophobic, the liquid
crystal material is not contaminated. Further, the capping layer 390 including the light-blocking material can serve as a
black matrix for blocking light leakage. Accordingly, an additional process for forming the black matrix serving as a light
blocking member may be omitted.
[0069] In addition, the capping layer 390 may include a photosensitive material and thus can be subjected to a pho-
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tolithography process. Herein, the photosensitive material may include at least one of ammonium dichromate, a diazo
resin, a styrylpyridium group, and a stilbazolium group.
[0070] The capping layer 390 may further include an adhesion catalyst. Herein, the adhesion catalyst may be a
compound represented by Chemical Formula 2.

[0071] In Chemical Formula 2, R may include a methyl group, a vinyl group, an acrylate, a methacrylate, and an epoxy
group, X may indicate -OCH3, and n may be in a range of 1 to 30. In detail, the adhesion catalyst may be (3-aminopro-
pyl)-triethoxysilane or 3-(trimethoxysilyl)-propyl methacrylate.
[0072] An overcoat 395 formed of an inorganic film or an organic film may be disposed on the capping layer 390. The
overcoat 395 serves to protect crystal molecules 310 injected into the microcavity 305 from external impact and planarize
the film. In addition, the overcoat 395 may also serve to block external moisture and oxygen.
[0073] In the present exemplary embodiment, as shown in FIG. 4, the partitions PWP are formed by the color filters
230 having a single color disposed between the microcavities 305 that are adjacent to each other in a horizontal direction.
The partitions PWP can partition or define the microcavities 305 by forming partition walls. In the present exemplary
embodiment, a partition structure such as the partitions PWP is disposed between the microcavities 305. Accordingly,
even if the substrate 110 is bent, less stress may be generated and a degree at which the cell gap is deformed may be
reduced.
[0074] In the present exemplary embodiment, it has been described that the covering layer is formed of the color filter.
However, the covering layer may be formed of an organic film or an inorganic film, and the color filter may be formed at
a lower portion of the pixel electrode 191.
[0075] FIG. 8 is a cross-sectional view illustrating a liquid crystal display according to a modification of the exemplary
embodiment of FIG. 4. FIG. 9 is a top plan view illustrating how a capping layer 390 is disposed in the liquid crystal
display according to the exemplary embodiment of FIG. 8.
[0076] Referring to FIG. 8 and FIG. 9, the present exemplary embodiment is the same as most of the exemplary
embodiment described in FIG. 4. However, the capping layer 390 is formed along the liquid crystal injection portion
307FP, and the capping layer 390 is disposed on the upper insulating layer 370 in a direction in which the data line 171
extends. The capping layer 390 described herein includes a first light blocking member disposed along the liquid crystal
injection portion 307FP and a second light blocking member disposed in a direction of the data line 171, and the first
light blocking member and the second light blocking member may be formed of the same material by using the same
process. As shown in FIG. 9, the first light blocking member and the second light blocking member may be formed to
have a matrix shape.
[0077] FIG. 10 is a cross-sectional view illustrating a liquid crystal display according to a modification of the exemplary
embodiment of FIG. 4.
[0078] Referring to FIG. 10, the present exemplary embodiment is the same as most of the exemplary embodiment
described in FIG. 4. However, a light blocking member 220 is formed along the direction in which the data line 171
extends. The light blocking member 220 is disposed on the third interlayer insulating layer 180c or the pixel electrode
191. The light blocking member 220 described herein may be formed to have a matrix shape similar to the capping layer
390 in a plan view. The light blocking member 220 may be made of a material that is different from that of the capping
layer 390. The light blocking member 220 may include an organic material, unlike the capping layer.
[0079] FIG. 11 is a flowchart illustrating a manufacturing method of a liquid crystal display according to an example.
FIG. 12 to FIG. 14 are top plan views and cross-sectional views illustrating a manufacturing method of a liquid crystal
display according to an example. Referring to FIG. 11, the method of manufacturing the liquid crystal display according
to the example includes forming the thin film transistor Q on the substrate 110 (operation S1).
[0080] The thin film transistor Q may serve as a switching element in the present exemplary embodiment, and may
control, input, and output a signal in order to display an image. As illustrated in FIG. 2, the single thin film transistor Q
is formed such that the signal is controlled, inputted, and outputted, but this thin film transistor structure can be modified.
[0081] Referring back to FIG. 2 to FIG. 4, the first interlayer insulating layer 180a, the second interlayer insulating
layer 180b, and the third interlayer insulating layer 180c are formed on the thin film transistor Q, and the contact hole
185 is formed to extend through the first interlayer insulating layer 180a, the second interlayer insulating layer 180b,
and the third interlayer insulating layer 180c. Next, the pixel electrode 191 is formed on the third interlayer insulating
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layer 180c, and the pixel electrode 191 is electrically and physically connected to the drain electrode 175 of the thin film
transistor Q through the contact hole 185.
[0082] Next, a sacrificial layer is formed on the pixel electrode 191. In this case, an open portion (not shown) is formed
along the direction parallel to the data line 171 in the sacrificial layer. In the open portion, the color filter 230 may be
filled in a following process thereby forming the partition PWP. The sacrificial layer may be formed of a photoresist or
the organic material. The pixel electrode 191 may be made of a transparent conductor such as ITO or IZO.
[0083] Thereafter, the method includes forming the microcavity 305 (operation S2).
[0084] The method of forming the microcavity 305 will be described with reference back to FIG. 2 to FIG. 4. The
common electrode 270 and the lower insulating layer 350 are sequentially formed on the sacrificial layer. The common
electrode 270 may be formed of a transparent conductor such as ITO or IZO, and the lower insulating layer 350 may
be formed of silicon nitride (SiNx) or silicon oxide (SiOx). The covering layer 230 and the upper insulating layer 370 are
sequentially formed on the lower insulating layer 350. The covering layer 230 according to the present exemplary
embodiment may be formed of the color filter. The upper insulating layer 370 may be formed of silicon nitride (SiNx) or
silicon oxide (SiOx). Herein, the covering layer 230 formed of the color filter may be removed at the region at which the
liquid crystal injection portion 307FP is formed by the patterning process or the exposure/developing process.
[0085] The sacrificial layer is exposed by sequentially patterning the upper insulating layer 370, the lower insulating
layer 350, and the common electrode 270 which are disposed to correspond to the liquid crystal injection portion 307FP.
The sacrificial layer is removed through the liquid crystal injection portion 307FP by an oxygen (O2) ashing treatment or
a wet etching method. In this case, the microcavity 305 having the entrance region 307 is formed. The microcavity 305
is an empty space formed when the sacrificial layer is removed.
[0086] The alignment layers 11 and 21 are formed on the pixel electrode 191 and the common electrode 270 by
injecting an aligning material through the entrance region 307.
[0087] Next, the liquid crystal material including the liquid crystals 310 is injected through the entrance region 307 into
the microcavity 305 by using an inkjet method or the like (operation S3).
[0088] Next, if the liquid crystal material is injected, the liquid crystal material may be exposed to the outside through
the liquid crystal injection portion 307FP. Accordingly, the capping material is coated thereon to cover the liquid crystal
injection portion 307FP.
[0089] In this case, referring to FIG. 12, a capping material 390m according to the present exemplary embodiment is
coated on the peripheral area PA as well as the display area DA (operation S4).
[0090] Since the capping material 390m is coated on the peripheral area PA, a gate pad 121P and a data pad 171P
are also covered.
[0091] Next, the capping material 390m is removed in a pad unit of the peripheral area PA and the pixel area (operation
S5).
[0092] Referring to FIG. 13, the exposure is performed by covering the pixel area corresponding to the microcavities
305 with a mask MASK. In this case, although not illustrated, the mask MASK can cover the peripheral area PA to cover
the pad unit including the gate pad 121P and the data pad 171P of FIG. 12 as well as the pixel area.
[0093] Referring to FIG. 14, the mask MASK is removed, and the capping layer 390 is formed along the liquid crystal
injection portion 307FP by forming the capping material 390m positioned in the pixel area through the exposure. In this
case, the capping material 390m covering the pad unit is also removed, and thus an outer lead bonding (OLB) process
can be performed. As such, since the capping material 390m includes a photosensitive material, patterning can be
performed through the photolithography process.
[0094] In the present example, patterning is performed in a negative photoresist form in which a portion not receiving
light is removed during exposure. However, unlike this, the capping material 390m may be formed of a material having
a positive photoresist property, and in this case, patterning may be performed by using a mask that is a reverse image
of the aforementioned mask MASK.

<Description of Symbols>

[0095]

230 covering layer
310 liquid crystal molecules
305 microcavity 307FP liquid crystal injection portion
350 lower insulating layer 370 upper insulating layer
390 capping layer
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Claims

1. A liquid crystal display comprising:

a substrate (110);
a thin film transistor (Q) disposed on the substrate (110);
a pixel electrode (191) connected to the thin film transistor (Q);
a covering layer (230) disposed to face the pixel electrode (191);
a capping layer (390) disposed on the covering layer (230); and
a liquid crystal layer disposed between the pixel electrode (191) and the covering layer (230) and formed by a
plurality of microcavities (305),
wherein the microcavities (305) comprise a liquid crystal material,
wherein a liquid crystal injection portion (307FP) is formed between the microcavities (305) and corresponds
to a region where the covering layer (230) is not formed, and wherein the capping layer (390) is disposed to
cover the liquid crystal injection portion (307 FP), and contacts the liquid crystal material in the microcavities
(305); characterized by the following features:

the capping layer (390) includes a light-blocking material and a water-soluble polymer material;
the capping layer (230) covers an entrance region (307) of the microcavities (305) exposed by the liquid
crystal injection portion (307FP).

2. The liquid crystal display of claim 1, wherein the water-soluble polymer material includes at least one of polyvinyl
alcohol (PVA), methoxypolyethylene glycol, polyethylene glycol, polyethylene glycol diacrylate, polyethylene glycol
dimethacrylate, and polyvinylpyrrolidone.

3. The liquid crystal display of claim 2, wherein the light-blocking material includes a water-soluble black dye or a black
pigment.

4. The liquid crystal display of claim 3, wherein the water-soluble black dye includes at least one of 2-naphthalenesulfonic
acid, trisodium 6-[(7-amino-1-hydroxy-3-sulphonato-2-naphthyl)azo]-3-4-4-amino-6 or 7-sulphonatonaphthyl-azo-
phenyl-azo-4-hydroxynaphthalene-2-sulphonate, trisodium 4-amino-3-[[4-[[4-[(2-amino-4-hydroxyphenyl)azo]phe-
nyl]amino]-3-sulphonatophenyl]azo]-5-hydroxy-6-(phenylazo)naphthalene-2,7-disulphonate, and disodium 4-ami-
no-3,6-bis[[4-[(2,4-diaminophenyl)azo]phenyl]azo]-5-hydroxynaphthalene-2,7-disulphonate 2,7-naphthalenedisul-
fonic acid.

5. The liquid crystal display of claim 3, wherein the capping layer (390) further includes a photosensitive material.

6. The liquid crystal display of claim 5, wherein the photosensitive material includes at least one of ammonium dichro-
mate, a diazo resin, a styrylpyridium group, and a stilbazolium group.

7. The liquid crystal display of claim 5, wherein the capping layer (390) further includes an adhesion catalyst.

8. The liquid crystal display of claim 7, wherein the adhesion catalyst includes a compound represented by Chemical
Formula 2:

wherein, in Chemical Formula 2, R includes a methyl group, a vinyl group, an acrylate, a methacrylate, and an epoxy
group, X indicates -OCH3, and n is in a range of 1 to 30.

9. The liquid crystal display of claim 1, wherein the capping layer is disposed along the liquid crystal injection portion
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(307FP), and is not formed at portions corresponding to the pixel areas where an image is displayed.

10. The liquid crystal display of claim 9, wherein the capping layer (390) includes a first light blocking member disposed
along the liquid crystal injection portion (307FP) and a second light blocking member disposed to cross the first light
blocking member, and
the first light blocking member and the second light blocking member include the same material.

11. The liquid crystal display of claim 10, wherein the capping layer (390) is formed to have a matrix shape in a display area.

12. The liquid crystal display of claim 9, further comprising:

a light blocking member disposed along a data line (171) of the thin film transistor (Q), and the light blocking
member is disposed at a layer that is different from the capping layer (390) disposed along the liquid crystal
injection portion (307FP).

Patentansprüche

1. Flüssigkristallanzeige, umfassend:

ein Substrat (110);
einen Dünnschichttransistor (Q), der auf dem Substrat (110) angeordnet ist;
eine Pixelelektrode (191), die mit dem Dünnschichttransistor (Q) verbunden ist;
eine Abdeckungsschicht (230), die derart angeordnet ist, dass sie der Pixelelektrode (191) zugewandt ist;
eine Kappenschicht (390), die auf der Abdeckungsschicht (230) angeordnet ist; und
eine Flüssigkristallschicht, die zwischen der Pixelelektrode (191) und der Abdeckungsschicht (230) angeordnet
ist und durch eine Vielzahl von Mikrohohlräumen (305) gebildet ist,
wobei die Mikrohohlräume (305) ein Flüssigkristallmaterial umfassen,
wobei ein Flüssigkristallinjektionsabschnitt (307FP) zwischen den Mikrohohlräumen (305) gebildet ist und einem
Bereich entspricht, in dem die Abdeckungsschicht (230) nicht gebildet ist, und wobei die Kappenschicht (390)
derart angeordnet ist, dass sie den Flüssigkristallinjektionsabschnitt (307FP) bedeckt und in Kontakt mit den
Flüssigkristallmaterial in den Mikrohohlräumen (305) ist;
gekennzeichnet durch die folgenden Merkmale:

die Kappenschicht (390) beinhaltet ein lichtblockierendes Material und ein wasserlösliches Polymermaterial;
die Kappenschicht (230) bedeckt einen Eingangsbereich (307) der Mikrohohlräume (305), der durch den
Flüssigkristallinjektionsabschnitt (307FP) freigelegt wird.

2. Flüssigkristallanzeige nach Anspruch 1, wobei das wasserlösliche Polymermaterial wenigstens eines aus Polyvi-
nylalkohol (PVA), Methoxypolyethylenglycol, Polyethylenglycol, Polyethylenglycoldiacrylat, Polyethylenglycoldime-
thacrylat und Polyvinylpyrrolidon beinhaltet.

3. Flüssigkristallanzeige nach Anspruch 2, wobei das lichtblockierende Material einen wasserlöslichen schwarzen
Farbstoff oder ein schwarzes Pigment beinhaltet.

4. Flüssigkristallanzeige nach Anspruch 3, wobei der wasserlösliche schwarze Farbstoff wenigstens eines aus 2-
Naphthalinsulfonsäure, Trinatrium-6-[(7-amino-]-hydroxy-3-sulfonato-2-naphthyl)azo]-3-4-4-amino-6- oder 7-Sulfo-
natonaphthyl-azo-phenyl-azo-4-hydroxynaphthalin-2-sufonat, Trinatrium-4-amino-3-[[4-[[4-[(2-amino-4-hydroxy-
phenyl)azo]phenyl]amino]-3-sulfonatophenyl]azo]-5-hydroxy-6-(phenylazo)naphthalin-2,7-disulfonat und Dinatri-
um-4-amino-3,6-bis[[4-[(2,4-diaminophenyl)azo]phenyl]azo]-5-hydroxynaphthalin-2,7-disulfonat-2,7-naphthalindi-
sulfonsäure beinhaltet.

5. Flüssigkristallanzeige nach Anspruch 3, wobei die Kappenschicht (390) ferner ein lichtempfindliches Material bein-
haltet.

6. Flüssigkristallanzeige nach Anspruch 5, wobei das lichtempfindliche Material wenigstens eines aus Ammoniumdi-
chromat, einem Diazoharz, einer Styrylpyridiumgruppe und einer Stilbazoliumgruppe beinhaltet.



EP 3 015 908 B1

11

5

10

15

20

25

30

35

40

45

50

55

7. Flüssigkristallanzeige nach Anspruch 5, wobei die Kappenschicht (390) ferner einen Adhäsionskatalysator beinhal-
tet.

8. Flüssigkristallanzeige nach Anspruch 7, wobei der Adhäsionskatalysator eine Verbindung beinhaltet, die durch die
chemische Formel 2 dargestellt wird:

wobei in der chemischen Formel 2 R eine Methylgruppe, eine Vinylgruppe, ein Acrylat, ein Methacrylat und eine
Epoxygruppe beinhaltet, X für -OCH3 steht und n in einem Bereich von 1 bis 30 liegt.

9. Flüssigkristallanzeige nach Anspruch 1, wobei die Kappenschicht entlang des Flüssigkristallinjektionsabschnitts
(307FP) angeordnet ist und nicht in Abschnitten gebildet ist, die den Pixelbereichen entsprechen, in denen ein Bild
angezeigt wird.

10. Flüssigkristallanzeige nach Anspruch 9, wobei die Kappenschicht (390) Folgendes beinhaltet: ein erstes lichtblo-
ckierendes Element, das entlang des Flüssigkristallinjektionsabschnitts (307FP) angeordnet ist, und ein zweites
lichtblockierendes Element, das derart angeordnet ist, dass es das erste lichtblockierende Element kreuzt, und
das erste lichtblockierende Element und das zweite lichtblockierende Element das gleiche Material beinhalten.

11. Flüssigkristallanzeige nach Anspruch 10, wobei die Kappenschicht (390) derart ausgebildet ist, dass sie in einem
Anzeigebereich eine Matrixform aufweist.

12. Flüssigkristallanzeige nach Anspruch 9, ferner umfassend:

ein lichtblockierendes Element, das entlang einer Datenleitung (171) des Dünnschichttransistors (Q) angeordnet
ist, wobei das lichtblockierende Element in einer Schicht angeordnet ist, die sich von der Kappenschicht (390)
unterscheidet, die entlang des Flüssigkristallinjektionsabschnitts (307FP) angeordnet ist.

Revendications

1. Affichage à cristaux liquides comprenant :

un substrat (110) ;
un transistor à couches minces (Q) disposé sur le substrat (110) ;
une électrode de pixel (191) connectée au transistor à couches minces (Q) ;
une couche de couverture (230) disposée en face de l’électrode de pixel (191) ;
une couche de fermeture (390) disposée sur la couche de couverture (230) ; et
une couche de cristaux liquides disposée entre l’électrode de pixel (191) et la couche de couverture (230) et
formée par de multiples microcavités (305),
dans lequel les microcavités (305) comprennent un matériau en cristaux liquides,
dans lequel une partie d’injection de cristaux liquides (307FP) est formée entre les microcavités (305) et cor-
respond à une région dans laquelle la couche de couverture (230) n’est pas formée, et dans lequel la couche
de fermeture (390) est disposée de façon à couvrir la partie d’injection de cristaux liquides (307 FP) et vient en
contact avec le matériau en cristaux liquides dans les microcavités (305),
caractérisé en ce que
la couche de fermeture (390) contient un matériau arrêtant la lumière et un matériau polymère soluble dans l’eau ;
la couche de couverture (230) couvre une région d’entrée (307) des microcavités (305) exposée par la partie
d’injection de cristaux liquides (307FP).

2. Affichage à cristaux liquides selon la revendication 1, dans lequel le matériau polymère soluble dans l’eau comprend



EP 3 015 908 B1

12

5

10

15

20

25

30

35

40

45

50

55

au moins un composé parmi l’alcool polyvinylique (PVA), le méthoxypolyéthylène-glycol, le polyéthylène-glycol, le
diacrylate de polyéthylène-glycol, le diméthacrylate de polyéthylène-glycol et la polyvinylpyrrolidone.

3. Affichage à cristaux liquides selon la revendication 2, dans lequel le matériau arrêtant la lumière comprend un
colorant noir ou un pigment noir soluble dans l’eau.

4. Affichage à cristaux liquides selon la revendication 3, dans lequel le colorant noir soluble dans l’eau comprend au
moins un composé parmi l’acide 2-naphtalènesulfonique, le 6-[(7-amino-1-hydroxy-3-sulfonato-2-naphtyl)azo]-
3-4-4-amino-6 ou 7-sulfonatonaphtyl-azo-phényl-azo-4-hydroxynaphtalène-2-sulfonate trisodique, le 4-amino-
3-[[4-[[4-[(2-amino-4-hydroxyphényl)azo]phényl]amino]-3-sulfonatophényl]azo]-5-hydroxy-6-(phénylazo)naphtalè-
ne-2,7-disulfonate trisodique et l’acide 4-amino-3,6-bis[[4-[(2,4-diaminophényl)azo]phényl]azo]-5-hydroxynaphtalè-
ne-2,7-disulfonate-2,7-naphtalènedisulfonique disodique.

5. Affichage à cristaux liquides selon la revendication 3, dans lequel la couche de fermeture (390) comprend en outre
un matériau photosensible.

6. Affichage à cristaux liquides selon la revendication 5, dans lequel le matériau photosensible comprend au moins
un composé parmi le dichromate d’ammonium, une résine diazoïque, un groupe styrylpyridium et un groupe stilba-
zolium.

7. Affichage à cristaux liquides selon la revendication 5, dans lequel la couche de fermeture (390) comprend en outre
un catalyseur d’adhérence.

8. Affichage à cristaux liquides selon la revendication 7, dans lequel le catalyseur d’adhérence comprend un composé
représenté par la formule chimique 2:

dans laquelle R comprend un groupe méthyle, un groupe vinyle, un acrylate, un méthacrylate et un groupe époxy,
X indique -OCH3 et n est compris entre 1 et 30.

9. Affichage à cristaux liquides selon la revendication 1, dans lequel la couche de fermeture est disposée le long de
la partie d’injection de cristaux liquides (307FP) et n’est pas formé dans des parties correspondant aux zones de
pixels dans lesquelles une image est affichée.

10. Affichage à cristaux liquides selon la revendication 9, dans lequel la couche de fermeture (390) comprend un premier
élément arrêtant la lumière disposé le long de la partie d’injection de cristaux liquides (307FP) et un deuxième
élément arrêtant la lumière disposé de façon à croiser le premier élément arrêtant la lumière, et
le premier élément arrêtant la lumière et le deuxième élément arrêtant la lumière contiennent le même matériau.

11. Affichage à cristaux liquides selon la revendication 10, dans lequel la couche de fermeture (390) est formée de
façon à avoir la forme d’une matrice dans une zone d’affichage.

12. Affichage à cristaux liquides selon la revendication 9, comprenant en outre un élément arrêtant la lumière disposé
le long d’une ligne de données (171) du transistor à couches minces (Q), et l’élément arrêtant la lumière est disposé
dans une couche différente de la couche de fermeture (390), disposée le long de la partie d’injection de cristaux
liquides (307FP).
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