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ABSTRACT

An array substrate for a liquid crystal display device includes
a first storage capacitor and a second storage capacitor for
increased capacitance. The first storage capacitor is formed
by a first common electrode and a pixel electrode. The second
storage capacitor is formed by a second common electrode
and the pixel electrode.
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ARRAY SUBSTRATE AND LIQUID CRYSTAL
DISPLAY DEVICE USING SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

[0001] This application claims priority to Taiwanese Patent
Application No. 102131190 filed on Aug. 30, 2013 in the
Taiwan Intellectual Property Office, the contents of which are
incorporated by reference herein.

FIELD

[0002] The disclosure generally relates to a liquid crystal
display device including an array substrate.

BACKGROUND

[0003] A fringe field switching liquid crystal display (FFS-
LCD) device has one or more common electrodes and a
plurality of pixel electrodes formed on an array substrate. The
common electrode and the pixel electrodes drive a plurality of
liquid crystal molecules by means of a fringe field. Generally,
an FFS-LCD has a high aperture ratio and a wide viewing
angle. To improve a resolution of the FFS-LCD, a density of
the pixel electrodes may be increased while a capacitance of
a storage capacitor is decreased.

[0004] The storage capacitor is formed by the common
electrode and the pixel electrodes, with an insulation layer
sandwiched between the common electrode and the pixel
electrodes. The capacitance of the storage capacitor is calcu-
lated by a formula: Cy,~€A/d, wherein Cg, denotes the
capacitance of the storage capacitor, € denotes a dielectric
constant of the insulation layer, A denotes an active area of the
common electrode and the pixel electrode, and d denotes a
thickness of the insulation layer. Thus, the capacitance of the
storage capacitor is directly proportional to the active area A
and is inversely proportional to the thickness d.

BRIEF DESCRIPTION OF THE DRAWINGS

[0005] Implementations of the present technology will now
be described, by way of example only, with reference to the
attached figures.

[0006] FIG. 1 is a cross-sectional plan view of an array
substrate of a liquid crystal display device according to a first
embodiment.

[0007] FIG.2isasectional view of the array substrate along
line 1I-1I of FIG. 1.

[0008] FIG. 3 is a partial sectional view of an electrode
structure of the array substrate of FIG. 1.

[0009] FIG. 4 is a sectional view of a pad of a common
electrode of the array substrate of the array substrate of the
FIG. 1.

[0010] FIG.5isasectional view of the array substrate along
line IV-IV of FIG. 1.

[0011] FIG. 6 is a cross-sectional plan view of an array
substrate of a liquid crystal display device according to a
second embodiment.

[0012] FIG. 7 is a partial sectional view of an electrode
structure of the array substrate of FIG. 6.

[0013] FIG. 8 is a cross-sectional plan view of an array
substrate of aliquid crystal display device according to a third
embodiment.

[0014] FIG. 9 is a cross-sectional plan view of an array
substrate of a liquid crystal display device according to a
fourth embodiment.

Mar. 5, 2015

DETAILED DESCRIPTION

[0015] It will be appreciated that for simplicity and clarity
of illustration, where appropriate, reference numerals have
been repeated among the different figures to indicate corre-
sponding or analogous elements. In addition, numerous spe-
cific details are set forth in order to provide a thorough under-
standing of the embodiments described herein. However, it
will be understood by those of ordinary skill in the art that the
embodiments described herein can be practiced without these
specific details. In other instances, methods, procedures, and
components have not been described in detail so as not to
obscure the related relevant feature being described. The
drawings are not necessarily to scale and the proportions of
certain parts may be exaggerated to better illustrate details
and features. The description is not to be considered as lim-
iting the scope of the embodiments described herein.

[0016] FIG. 1 shows a cross-sectional plan view of an array
substrate 100 of a liquid crystal display device according to a
first embodiment. In the embodiment, the liquid crystal dis-
play device can be a fringe field switching liquid crystal
display (FFS-LCD) device. The array substrate 100 can
include a plurality of scanning lines GL and a plurality of data
lines DL. The scanning lines GL are parallel to each other.
The data lines DL are parallel to each other, and indepen-
dently intersect with the scanning lines GL. The scanning
lines GL and the data lines DL define multiple sub-pixels
where the scanning lines GL cross the data lines DL. Each
sub-pixel can include a thin film transistor (TFT) 120 and a
pixel electrode 170. In the embodiment, the pixel electrode
170 can be a plate-like structure in the sub-pixel, to couple to
the TFT 120.

[0017] The array substrate 100 further includes a first com-
mon electrode 150 and a second common electrode 190. In
the embodiment, the array substrate 100 includes a three-
layer electrode structure. The first common electrode 150
overlaps with the second common electrode 190. The first
common electrode 150 covers the multiple sub-pixels and the
second common electrode 190 covers the first common elec-
trode. Inthe embodiment, the first common electrode 150 can
be a plate-like structure. The second common electrode 190
can include a plurality of parallel slits 192. A fringe field is
formed between the second common electrode 190 and the
pixel electrode 170 to drive a plurality of liquid crystal mol-
ecules (not shown). In FIG. 1, the slits 192 can be strip-
shaped. In another embodiment, the slits 192 can be <-shaped
or other angled shape.

[0018] FIG. 2 shows a sectional view of the array substrate
100 along line II-I1 of FIG. 1. The array substrate 100 further
includes a substrate 110, a passivation layer 130, a planar
layer 140, and a first protection layer 160. The TFT 120 is
arranged on the substrate 110. Each TFT 120 can include a
gate 121, a gate insulator 122, a channel layer 123, a source
124, and a drain 125. The gate 121 is located on the substrate
110 and is covered by the gate insulator 122. The channel
layer 123 is arranged on the gate insulator 122 to correspond
to the gate 121. The source 124 and the drain 125 are located
on opposite sides of the channel layer 123.

[0019] The passivation layer 130 covers the TFT 120 and
the substrate 110, while the passivation layer 130 itself is
covered by the planar layer 140. In the embodiment, the
planar layer 140 is made of organic materials and a thickness
of the planar layer 140 is greater than a thickness of the
passivation layer 130. A first opening hole 141 is defined to
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pass through the passivation layer 130 and the planar layer
140 to expose one part of the drain 125.

[0020] A second opening hole 151 is defined in the first
common electrode 150 and communicates with the first open-
ing hole 141. A diameter of the second opening hole 151 is
greater than a diameter of the first opening hole 141. The first
opening hole 141 in cooperation with the second opening
hole 151 defines a connecting hole. Internal walls of both the
first and second opening holes 141 and 151 are covered by the
first protection layer 160. A third opening hole 161 is defined
in the first protection layer 160 to expose one part of the drain
125 via the connecting hole defined by the first and second
opening holes 141 and 151. The pixel electrode 170 is
arranged on the first protection layer 160 to connect to the
drain 125 via the third opening hole 161.

[0021] The second protection layer 180 is arranged on and
covers the pixel electrode 170 of the substrate 110, such that
the pixel electrode 170 at the third opening hole 161 is pro-
tected by the second protection layer 180. A fourth opening
hole 191 is defined in the second common electrode 190 and
communicates with the third opening hole 161 which is cov-
ered by the second protection layer 180. The second common
electrode 190 is arranged on the second protection layer 180.
The fourth opening hole 191 and the second opening hole 151
have the same diameter. In the embodiment, the fourth open-
ing hole 191 and the second opening hole 151 are coaxial with
the first opening hole 141. The fourth opening hole 191 is
defined in the second common electrode 190 to avoid any
short circuit between the second common electrode 190 and
the pixel electrode 170.

[0022] FIG. 3 shows a partial sectional view of an electrode
structure of the array substrate 100. The first common elec-
trode 150 covers the plurality of sub-pixels in an unbroken
fashion, and the second opening hole 151 is defined in the first
common electrode to correspond to each sub-pixel. The pixel
electrodes 170 are plate-shaped structures, and each pixel
electrode 170 is arranged in one sub-pixel. The second com-
mon electrode 190 unbrokenly covers the first common elec-
trode 150. The fourth opening hole 191 is defined in the
second common electrode 190 to correspond to each sub-
pixel. A plurality of slits 192 is defined in the second common
electrode 190. The slits 192 are symmetrical between two
adjacent sub-pixels.

[0023] FIG. 4 shows a sectional view of a pad of acommon
electrode of the array substrate 100. The array substrate 100
can further include a common line CL arranged on the sub-
strate 110. The first protection layer 160 and the second
protection layer 180 are sandwiched between the first com-
mon electrode 150 and the second common electrode 190. A
through hole 182 is defined to pass through the first protection
layer 160 and the second protection layer 180. One part of the
first common electrode 150 is coupled to the second common
electrode 190 via the through hole 182. The first common
electrode 150 is electrically coupled to the common line CL to
receive acommon signal. The first common electrode 150 can
be coupled to the common line CL via a metal layer 126
arranged on the common line CL. The metal layer 126 can be
made of the same material as that of the data line DL, the
source 124, and the drain 125.

[0024] FIG. 5 shows a sectional view of the array substrate
100 along line IV-IV of FIG. 1. The storage capacitor 10 is
located in the planar layer 140. The storage capacitor 10 is
formed by the first common electrode 150, the first protection
layer 160, the pixel electrode 170, the second protection layer
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180, and the second common electrode 190. The pixel elec-
trode 170, the first common electrode 150, and the second
common electrode 190 are made of a transparent conductive
material such as indium-tin-oxide (ITO) or indium-zinc-ox-
ide (IZO). The first protection layer 160 and the second pro-
tection layer 180 are made of an insulated material such as
silicon oxide (SiOx) or silicon nitride (SiNx).
[0025] The first common electrode 150 overlaps a portion
of the pixel electrode 170 to form a first storage capacitor. The
second common electrode 190 overlaps the other portion of
the pixel electrode 170 to form a second storage capacitor.
The first storage capacitor is coupled with the second storage
capacitor in parallel. The array substrate 100 includes the
second common electrode 190 to increase a storage capaci-
tance per unit area of the array substrate 100.
[0026] FIG. 6 shows a cross-sectional plan view of an array
substrate 200. FIG. 7 shows a partial sectional view of an
electrode structure of the array substrate 200. The array sub-
strate 200 can include a first common electrode 250, a pixel
electrode 270, and a second common electrode 290. The array
substrate 200 is similar to the array substrate 100 except that
the first common electrode 250 covers one part of the data line
DL. As an overlapping area between the first common elec-
trode 250 and the data line DL is decreased, a parasitic capaci-
tance between the first common electrode 250 and the data
line DL is also decreased. The first common electrode 250 can
include a plurality of strip-shaped common electrodes 252
and a plurality of connection portions of the first common
electrode 253. Each strip-shaped common electrode 252 is
located in one sub-pixel and each connection portion of the
first common electrode 253 is located between two adjacent
sub-pixels in one row. The plurality of strip-shaped common
electrodes 252 extends along the scanning line GL. No strip-
shaped common electrode 252 overlaps with the data line DL.
The connection portion of the first common electrode 253
does overlap one part of data line DL.
[0027] FIG. 8 shows a cross-sectional plan view of an array
substrate 300. The array substrate 300 is similar to the array
substrate 100 except that the slits 392 of the second common
electrode 390 are <-shaped.
[0028] FIG. 9 shows a cross-sectional plan view of an array
substrate 400. The array substrate 400 is similar to the array
substrate 100 except that the data line DL and the slits 492 are
perpendicular to the scanning line GL. Each of the slits 492 is
strip-shaped.
[0029] Insummary, the array substrate includes a first com-
mon electrode and a second common electrode to increases a
storage capacitance per unit area. Therefore, design flexibil-
ity is increased, particularly in high-resolution LCDs.
Increased storage capacitance for high-resolution LCDs and
pixel density avoids flicker and crosstalk.
[0030] It is to be understood that even though numerous
characteristics and advantages of the present embodiments
have been set forth in the foregoing description, with details
of the structures and functions of the embodiments, the dis-
closure is illustrative only and changes may be in detail,
especially in the matter of arrangement of parts within the
principles of the embodiments, to the full extent indicated by
the broad general meaning of the terms in which the appended
claims are expressed.

What is claimed is:

1. An array substrate comprising:

a storage capacitor including:

a first common electrode;
a first protection layer on the first common electrode;
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a pixel electrode on the first protection layer;

a second protection layer on the pixel electrode; and

a second common electrode arranged on the second
protection layer and electrically coupled to the first
common electrode, the second common electrode
having a plurality of slits.

2. The array substrate of claim 1, further comprising a
substrate, a thin film transistor (TFT) arranged on the sub-
strate, a passivation layer covering the TFT, and a planar layer
covering the passivation layer, wherein the storage capacitor
is located in the planar layer.

3. The array substrate of claim 1, further comprising a
substrate, a thin film transistor (TFT) arranged on the sub-
strate, a passivation layer covering the TFT, and a planar layer
covering the passivation layer, wherein a first opening hole is
defined passing through the passivation layer to expose one
portion of the TFT; a second opening hole is defined in the
first common electrode and communicates with the first open-
ing hole, a diameter of the second opening hole is greater than
a diameter of the first opening hole; and a third opening hole
is defined in the first protection layer to expose the one part of
a drain the TFT.

4. The array substrate of claim 3, wherein the pixel elec-
trode is electrically coupled to the TFT via the third opening
hole.

5. The array substrate of claim 3, wherein a fourth opening
hole is defined in the second common electrode, and a diam-
eter of the fourth opening hole is equal to a diameter of the
second opening hole.

6. The array substrate of claim 1, wherein a first storage
capacitor is formed by the first common electrode and the
pixel electrode; and a second storage capacitor is formed by
the second common electrode and the pixel electrode.

7. The array substrate of claim 1, further comprising a
plurality of scanning lines and a plurality of data lines, the
scanning lines and the data lines define multiple sub-pixels
where the scanning lines cross the data lines, wherein the
pixel electrode is plate-shaped electrode in each sub-pixel.

8. The array substrate of claim 1, further comprising a
plurality of scanning lines and a plurality of data lines, the
scanning lines and the data lines define multiple sub-pixels
where the scanning lines cross the data lines, wherein the first
common electrode continuously covers the plurality of sub-
pixels.

9. The array substrate of claim 1, further comprising a
plurality of scanning lines and a plurality of data lines, the
scanning lines and the data lines define multiple sub-pixels
where the scanning lines cross the data lines, wherein the
second common electrode overlaps with the first common
electrode to continuously cover the plurality of sub-pixels.

10. The array substrate of claim 1, further comprising a
plurality of scanning lines and a plurality of data lines, the
scanning lines and the data lines define multiple sub-pixels
where the scanning lines cross the data lines, wherein the first
common electrode comprises a plurality of strip-shaped com-
mon electrodes and a plurality of connection portions and
each connection portion of the first common electrode over-
laps one part of one data line.

11. A liquid crystal display device, comprising:

an array substrate comprising;

a storage capacitor comprising:
a first common electrode;
a first protection layer arranged on the first common
electrode;
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apixel electrode arranged on the first protection layer;

a second protection layer arranged on the pixel elec-
trode;

a second common electrode arranged on the second
protection layer; and the second common electrode
electrically coupled to the first common electrode,
and the second common electrode having a plural-
ity of slits.

12. The liquid crystal display device of claim 11, further
comprising a substrate, a thin film transistor (TFT) arranged
on the substrate, a passivation layer covering the TFT, and a
planar layer covering the passivation layer, wherein the stor-
age capacitor is located in the planar layer.

13. The liquid crystal display device of claim 11, further
comprising a substrate, a thin film transistor (TFT) arranged
on the substrate, a passivation layer covering the TFT, and a
planar layer covering the passivation layer, wherein a first
opening hole is defined passing through the passivation layer
to expose one portion of the TFT; a second opening hole is
defined in the first common electrode and communicates with
the first opening hole, a diameter of the second opening hole
is greater than a diameter of the first opening hole; and a third
opening hole is defined in the first protection layer to expose
the one part of a drain the TFT.

14. The liquid crystal display device of claim 13, wherein
the pixel electrode is electrically coupled to the TFT via the
third opening hole.

15. The liquid crystal display device of claim 13, wherein
a fourth opening hole is defined in the second common elec-
trode, and a diameter of the fourth opening hole is equal to a
diameter of the second opening hole.

16. The liquid crystal display device of claim 11, wherein
a first storage capacitor is formed by the first common elec-
trode and the pixel electrode; and a second storage capacitor
is formed by the second common electrode and the pixel
electrode.

17. The liquid crystal display device of claim 11, further
comprising a plurality of scanning lines and a plurality of data
lines, the scanning lines and the data lines define multiple
sub-pixels where the scanning lines cross the data lines,
wherein the pixel electrode is plate-shaped electrode in each
sub-pixel.

18. The liquid crystal display device of claim 11, further
comprising a plurality of scanning lines and a plurality of data
lines, the scanning lines and the data lines define multiple
sub-pixels where the scanning lines cross the data lines,
wherein the first common electrode continuously covers the
plurality of sub-pixels.

19. The liquid crystal display device of claim 11, further
comprising a plurality of scanning lines and a plurality of data
lines, the scanning lines and the data lines define multiple
sub-pixels where the scanning lines cross the data lines,
wherein the second common electrode overlaps with the first
common electrode to continuously cover the plurality of sub-
pixels.

20. The liquid crystal display device of claim 11, further
comprising a plurality of scanning lines and a plurality of data
lines, the scanning lines and the data lines define multiple
sub-pixels where the scanning lines cross the data lines,
wherein the first common electrode comprises a plurality of
strip-shaped common electrodes and a plurality of connection
portions and each connection portion of the first common
electrode overlaps one part of one data line.

L S S T



THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

EHA

IPCH 35

CPCHRF

L 5ER
HAh A TF 30k
HAEREEEE

E)

—MATHESETREENEIIER  SEFE-FHRBAFNATENS
RNE_FRERR, F—FRHETFTHE - L HBRNEGEBRF

I ERNERAENRSEREE

US20150060973A1

US14/474553

Al EB R R AR 43 B BR 2 F]

MR ERARATE.

HRBRERRRLA.

TSAI' WU LIU
KAO YI CHUN
LIN HSIN HUA
SHIH PO LI

LEE CHIH LUNG

TSAl, WU-LIU
KAO, YI-CHUN
LIN, HSIN-HUA
SHIH, PO-LI

LEE, CHIH-LUNG

GO02F1/1362 G02F1/1343 HO1L27/12

patsnap

AFF ()R 2015-03-05

RiEHR 2014-09-02

GO02F1/136213 HO1L27/1244 G02F2001/134372 G02F1/134309 HO1L27/1255 GO2F 1/133555 GO2F1

/134363 G02F1/136227 G02F2001/133397

102131190 2013-08-30 TW

US9823528

Espacenet USPTO

o B-FHERRHEE - AHBRNERBRTK,



https://share-analytics.zhihuiya.com/view/bf49c145-ec5b-4e47-9612-87e6ebbefc6d
https://worldwide.espacenet.com/patent/search/family/052581976/publication/US2015060973A1?q=US2015060973A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220150060973%22.PGNR.&OS=DN/20150060973&RS=DN/20150060973

