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(57) ABSTRACT

An exemplary in plane switching liquid crystal display (IPS
LCD) includes a first substrate (230) and a second substrate
(240) opposite to each other, a liquid crystal layer sand-
wiched between the first and second substrates. A shielding
metal line (212) is arranged on the first substrate. A first
insulation layer (222) is arranged on the shielding metal line.
A drain line (203) is arranged on the first insulation layer and
overlapping the shielding metal. A second insulation layer
(223) is arranged on the drain line. A common electrode
(210) is arranged on the second insulation layer and over-
lapping the drain line. A pixel electrode (211) is arranged on
the second insulation layer and being parallel to the common
electrode. The IPS LCD can obtain a high aperture ratio.
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IN PLANE SWITCHING LIQUID CRYSTAL
DISPLAY WITH STORAGE CAPACITOR
CORRESPONDING TO SHIELDING METAL LINE

FIELD OF THE INVENTION

[0001] The present invention relates to liquid crystal dis-
plays (LCDs), and particularly to an in plane switching (IPS)
mode LCD having one or more storage capacitors corre-
sponding to one or more shielding metal lines.

BACKGROUND

[0002] An active matrix LCD generally includes a plural-
ity of pixel regions defined by a plurality of gate lines and
a plurality of data lines that cross each other. A plurality of
thin film transistors (TFTs) is respectively arranged at inter-
sections of the gate lines and the data lines. Each pixel
region includes a pixel electrode, which is controlled by a
corresponding TFT.

[0003] Rapid progress in the performance of active matrix
LCDs has opened up a wide range of commercial and
consumer applications, such as in flat television (TV) sys-
tems, and high-information content monitors for portable
computers. A common type of technology used in the active
matrix LCDs of these products is twisted nematic (TN)
display mode technology. However, conventional TN dis-
play mode technology has intrinsic limitations including
narrow viewing angle characteristics and slow response
times. Most particularly, TN display mode technology has
slow response times for gray scale operation.

[0004] In order to overcome these limitations, various
techniques for use in active matrix LCDs have been devel-
oped. For example, an IPS (In Plane Switching) mode LCD
has common and pixel electrodes formed on a same one of
two substrates of the LCD. The electrodes control orienta-
tions of liquid crystal molecules in a liquid crystal layer of
the LCD. In particular, the electrodes on the same substrate
can produce an electrical field parallel to the substrate. Thus,
the liquid crystal molecules can be aligned in a plane parallel
to the substrate. In addition, to maintain a voltage of the
pixel electrodes, a capacitor mechanism is employed
between each common electrode and a corresponding pixel
electrode. To obtain a predetermined capacitance, the pixel
electrode and the common electrode must each have a
certain minimum area. This means that an aperture ratio of
the LCD may be compromised.

[0005] To obtain a higher aperture ratio, another type of
IPS LCD has been developed. FIG. 3 shows a top view of
certain components of one pixel region 100 of the IPS LCD,
and FIG. 4 is a cross-sectional view of the pixel region 100
corresponding to line IV-IV of FIG. 3. The IPS LCD
includes a first substrate 130, a second substrate 140, and a
liquid crystal layer (not labeled) sandwiched between the
first substrate 130 and the second substrate 140. The pixel
region 100 is defined by two adjacent gate lines 101 and two
adjacent data lines 102 crossing each other. The pixel region
100 includes a common electrode 109, a pixel electrode 108,
shielding metal lines 104, and a thin film transistor (TFT)
106. The TFT 106 is arranged at an intersection of one of the
gate lines 101 and one of the data lines 102. The shielding
metal lines 104 are arranged at two opposite sides of each of
the data lines 102, in order to avoid light leakage at edges of
the pixel region 100 near the data lines 102. A black matrix
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141 is arranged on the second substrate 140, and generally
faces and covers the shielding metal lines 104.

[0006] A common line 103 crosses a central portion of the
pixel region 100. The common electrode 109 has a trans-
verse portion overlapping a transverse portion of the pixel
electrode 108, and a dielectric layer (not labeled) separates
the portion of the common electrode 109 and the portion of
the pixel electrode 108. Thereby, a capacitor C1 is defined
by the portion of the common electrode 109, the intervening
dielectric layer, and the portion of the pixel electrode 108.
The common line 103 has a portion underlying the portion
of the pixel electrode 108, and another dielectric layer (not
labeled) separates the portion of the common line 103 and
the portion of the pixel electrode 108. Thereby, another
capacitor C2 is defined by the portion of the common line
103, the intervening dielectric layer, and the portion of the
pixel electrode 108. The common line 103 and the common
electrode 109 are electrically connected with each other
through a pair of contact holes 125. Thus, the capacitor C1
and the capacitor C2 are located one above the other, and are
electrically connected in parallel to form a storage capacitor.
A capacitance of the storage capacitor is the sum of a
capacitance of the capacitor C1 and a capacitance of the
capacitor C2. Therefore, the IPS LCD including the pixel
region 100 can provide a high capacitance while still pro-
viding a high aperture ratio.

[0007] In the above-described IPS LCD, the storage
capacitor is formed at a display area of the pixel region 100.
The storage capacitor includes the portion of the common
electrode 109, the portion of the pixel electrode 108, and the
common line 103, one or more of which is typically made
of metal. Therefore light transmission is blocked at the
storage capacitor. Therefore, an aperture ratio of the IPS
LCD is liable to be reduced.

[0008] What is needed, therefore, is an IPS LCD which
includes a storage capacitor that does not unduly compro-
mise an aperture ratio of the IPS LCD.

SUMMARY

[0009] A first exemplary in plane switching liquid crystal
display includes a first substrate and a second substrate
opposite to each other, and a liquid crystal layer sandwiched
between the first and second substrates. A shielding metal
line is arranged on the first substrate. A first insulation layer
is arranged on the shielding metal. A drain line is arranged
on the first insulation layer and overlapping the shielding
metal. A second insulation layer is arranged on the drain line.
A common electrode is arranged on the second insulation
layer and overlapping the drain line. A pixel electrode is
arranged on the second insulation layer and being parallel to
the common electrode.

[0010] A second exemplary in plane switching liquid
crystal display includes a first substrate and a second sub-
strate opposite to each other, and a liquid crystal layer
sandwiched between the first and second substrates. A
plurality of data lines and gate lines are formed at the first
substrate and crossing each other, thereby defining a plural-
ity of pixel regions. Each of the pixel regions comprises a
shielding metal line arranged on the first substrate, a com-
mon electrode and a pixel electrode arranged in parallel and
on the first substrate, and a storage capacitor facing the
shielding metal line.
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[0011] Inthe first in-plane switching liquid crystal display,
the common electrode and the drain line both overlap the
shielding metal line, a location of the storage capacitor
defined by he drain line, the second insulation layer, and the
common electrode corresponds to the location of the shield-
ing metal line. Areas of the pixel region corresponding to the
shielding metal line do not transmit light. That is, the storage
capacitor is arranged at least partially and preferably sub-
stantially within areas of the pixel region that do not transmit
light. Thus, compared with the pixel region of the above-
described conventional IPS LCD, the storage capacitor
occupies a smaller display area of the pixel region. In other
words, the first IPS LCD can obtain a higher aperture ratio.

[0012] In the second in-plane switching liquid crystal
display, the storage capacitor faces the shielding metal line.
Areas of the pixel region corresponding to the shielding
metal line do not transmit light. That is, the storage capacitor
is arranged at least partially and preferably substantially
within areas of the pixel region that do not transmit light.
Thus, compared with the pixel region of the above-described
conventional IPS LCD, the storage capacitor occupies a
smaller display area of the pixel region. In other words, the
second IPS LCD can obtain a higher aperture ratio.

[0013] Other advantages and novel features will become
more apparent from the following detailed description when
taken in conjunction with the accompanying drawings. In
the drawings, all the views are schematic.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIG. 1 is a top plan view of certain components of
a pixel region of an IPS LCD according to a first preferred
embodiment of the present invention.

[0015] FIG. 2 is a side cross-sectional view of part of a
pixel region of the IPS LCD according to the first preferred
embodiment, corresponding to line II-II of FIG. 1.

[0016] FIG. 3 is a top plan view of certain components of
a pixel region of a conventional IPS LCD.

[0017] FIG. 4 is a side cross-sectional view of part of a
pixel region of the conventional IPS LCD, corresponding to
line IV-IV of FIG. 3.

DETAILED DESCRIPTION OF PREFERRED
EMBODIMENTS

[0018] FIG. 1 shows a top view of certain components of
one pixel region 200 of an IPS LCD of a first preferred
embodiment of the present invention, and FIG. 2 is a
cross-sectional view of the pixel region 200 corresponding
to line II-II of FIG. 1. The IPS LCD includes a first substrate
230, a second substrate 240, and a liquid crystal layer (not
labeled) sandwiched between the first substrate 230 and the
second substrate 240. The pixel region 200 is defined by two
adjacent gate lines 202 and two adjacent data lines 201
crossing each other. The pixel region 200 includes a com-
mon electrode 210, a pixel electrode 211, shielding metal
lines 212, and a thin film transistor (TFT) 205. The TFT 205
is arranged at an intersection of one of the gate lines 202 and
one of the data lines 201. The shielding metal lines 212 are
arranged at two opposite sides of each of the data lines 201,
in order to avoid light leakage at edges of the pixel region
200 near the data lines 201. The common electrode 210, the
pixel electrode 211, and the data lines 201 are arranged

Feb. &,2007

parallel to each other. The common electrode 210, the pixel
electrode 211, and the data lines 201 are curved.

[0019] Referring to FIG. 2, the shielding metal lines 212
are arranged on the first substrate 230, and a first insulation
layer 222 is arranged on the shielding metal lines 212 and
the first substrate 230. The data lines 201 are arranged on the
first insulation layer 222. A drain line 203 electrically
connects with the pixel electrode 211 through a contact hole
220 (see FIG. 1), which is arranged in the first insulation
layer 222. The drain line 203 overlaps one of the shielding
metal lines 212. A second insulation layer 223 is arranged on
the first insulation layer 222 so that the second insulation
layer 223 surrounds and covers the drain line 203 and the
data line 201. The common electrode 210 is arranged on the
second insulation layer 223, and the common electrode 210
has a portion that completely overlaps the drain line 203. A
major portion of one of the shielding metal lines 212 is
overlapped by the drain line 203. A black matrix 241 and a
color filter layer 242 are cooperatively arranged on an
underside of the second substrate 240. The black matrix 241
generally faces and covers the shielding metal lines 212.
Further, a contact hole 221 (see FIG. 1) passes through the
first insulation layer 222 and the second insulation layer 223.
The common electrode 210 electrically connects with a
corresponding one of the shielding metal lines 212 via the
contact hole 221.

[0020] According to the above description, the common
electrode 210, the drain line 203, and an intervening portion
of the second insulation layer 223 cooperatively define a first
capacitor. The drain line 203, said corresponding shielding
metal line 212, and an intervening portion of the first
insulation layer 222 define a second capacitor. Furthermore,
the first capacitor and the second capacitor are electrically
connected in parallel to form a storage capacitor. A capaci-
tance of the storage capacitor is the sum of a capacitance of
the first capacitor and a capacitance of the second capacitor.
Because the common electrode 210 and the drain line 203
both overlap said corresponding shielding metal line 212, a
location of the storage capacitor defined by the first capaci-
tor and the second capacitor corresponds to the location of
said corresponding shielding metal line 212. Areas of the
pixel region 200 corresponding to the shielding metal lines
212 do not transmit light. That is, the storage capacitor is
arranged at least partially and preferably substantially within
areas of the pixel region 200 that do not transmit light. Thus,
compared with the pixel region 100 of the above-described
conventional TPS LCD, the storage capacitor occupies a
smaller display area of the pixel region 200. In other words,
the TIPS LCD of the first preferred embodiment can obtain a
higher aperture ratio.

[0021] Inasecond preferred embodiment, the contact hole
221 is omitted. Therefore the common electrode 210 does
not electrically connect with said corresponding shielding
metal line 212, and no voltage is applied to the shielding
metal line 212. Accordingly, the storage capacitor is simply
the same as the first capacitor, being formed by the common
electrode 210, the intervening portion of the second insula-
tion layer 223, and the drain line 203.

[0022] In the second preferred embodiment, because the
common electrode 210 and the drain line 203 both overlap
said corresponding shielding metal line 212, a location of the
storage capacitor defined by the first capacitor corresponds
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to the location of said corresponding shielding metal line
212. Areas of the pixel region 200 corresponding to the
shielding metal lines 212 do not transmit light. That is, the
storage capacitor is arranged at least partially and preferably
substantially within areas of the pixel region 200 that do not
transmit light. Thus, compared with the pixel region 100 of
the above-described conventional IPS LCD, the storage
capacitor occupies a smaller display area of the pixel region
200. In other words, the IPS LCD of the second preferred
embodiment can obtain a higher aperture ratio.

[0023] Tt is to be further understood that even though
numerous characteristics and advantages of various embodi-
ments have been set forth in the foregoing description,
together with details of the structures and functions of the
embodiments, the disclosure is illustrative only, and changes
may be made in detail 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 in plane switching liquid crystal display, compris-
ing:

a first substrate and a second substrate opposite to each
other;

a liquid crystal layer sandwiched between the first and
second substrates;

a shielding metal line arranged on the first substrate,

a first insulation layer arranged on the shielding metal
line;

a drain line arranged on the first insulation layer and
overlapping the shielding metal line;

a second insulation layer arranged on the drain line;

a common electrode arranged on the second insulation
layer and overlapping the drain line; and

a pixel electrode arranged on the second insulation layer

and being parallel to the common electrode.

2. The in plane switching liquid crystal display as recited
in claim 1, wherein

3. The in plane switching liquid crystal display as recited
in claim 1, wherein a contact hole passes through the first
and second insulation layers, and the shielding metal line is
electrically connected with the common electrode through
the contact hole.

4. The in plane switching liquid crystal display as recited
in claim 1, wherein the common electrode has a curved
structure.

5. The in plane switching liquid crystal display as recited
in claim 4, further comprising a black matrix unit provided
at the second substrate, the black matrix unit having a curved
structure corresponding to the curved structure of the com-
mon electrode.

6. The in plane switching liquid crystal display as recited
in claim 5, wherein the black matrix unit overlaps the
shielding metal line.
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7. The in plane switching liquid crystal display as recited
in claim 1, wherein the second insulation layer is arranged
to surround the drain line on all sides except a side at which
the drain line abuts the first insulation layer.

8. An in plane switching liquid crystal display, compris-
ing:

a first substrate and a second substrate opposite to each
other;

a liquid crystal layer sandwiched between the first and
second substrates; and

a plurality of data lines and gate lines formed at the first
substrate and crossing each other, thereby defining a
plurality of pixel regions;

wherein each of the pixel regions comprises a shielding
metal line arranged on the first substrate, a common
electrode and a pixel electrode arranged parallel to each
other at the first substrate, and a storage capacitor
positionally corresponding to the shielding metal line.

9. The in plane switching liquid crystal display as recited
in claim 8, wherein each of the pixel regions further com-
prises a first insulation layer arranged on the shielding metal
line, a drain line arranged on the first insulation layer, and a
second insulation layer arranged on the drain line.

10. The in plane switching liquid crystal display as recited
in claim 9, wherein the drain line overlaps the shielding
metal line, the common electrode is arranged on the second
insulation layer and overlaps the drain line, and the storage
capacitor is formed by the drain line, the second insulation
layer, and the common electrode.

11. The in plane switching liquid crystal display as recited
in claim 9, wherein a contact hole passes through the first
and second insulation layers, and the shielding metal line is
electrically connected with the common electrode through
the contact hole.

12. The in plane switching liquid crystal display as recited
in claim 11, wherein the common electrode, the second
insulation layer, and the drain line form a first capacitor, the
drain line, the first insulation layer and the shielding metal
line form a second capacitor, and the first capacitor and the
second capacitor form the storage capacitor.

13. The in plane switching liquid crystal display as recited
in claim 8, wherein the common electrode has a curved
structure.

14. The in plane switching liquid crystal display as recited
in claim 14, wherein each of the pixel regions further
comprises a black matrix unit provided at the second sub-
strate, the black matrix unit having a curved structure
corresponding to the curved structure of the common elec-
trode.

15. The in plane switching liquid crystal display as recited
in claim 15, wherein the black matrix unit overlaps to the
shielding metal line.
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