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The present invention discloses an in-plane switching (IPS)
LCD having a plurality of pixels arranged in a matrix to be
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formed on a transparent insulating substrate. A region,
%%%%EggngLlTAN SQUARE bounded by a pair of gate bus lines and a pair of signal bus

lines, defines a unit pixel region. Each common electrode
overlaps with one of the signal bus lines in parallel. A gate
electrode extended from an adjacent gate bus line goes
toward the gate bus line of the pixel. A switching element
. formed in the pixel is a three-terminal thin film transistor
(1) Appl. No: 10/310,216 whose one terminal is connected to a pixel electrode by
(22) Filed: Dec. 5, 2002 passing through the middle of the pixel, and the other two
terminals are respectively connected to the gate bus line and
Publication Classification the signal bus line. The pixel electrode overlaps with the gate
electrode in parallel, and the storage capacitor of the pixel is
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FIG. 1(a) (Prior Art)
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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY WITH HIGH APERTURE RATIO

BACKGROUND OF THE INVENTION
[0001] 1. Field of the invention

[0002] The present invention relates to a liquid crystal
display (LCD), and more particularly, to an in-plane switch-
ing (IPS) LCD having a high aperture ratio.

[0003] 2. Description of the Related Art

[0004] Liquid crystal displays (LCD) are replacing other
display devices, such as CRTs, and become the most out-
standing flat panel displays. In view of the driving methods
of the LCDs, which can be classified into a simple matrix
type and an active matrix type.

[0005] An active matrix type LCD has a plurality of
switching elements having non-linear characteristics, and
pixels of the LCDs are controlled by the switching elements.
Examples of the switching elements are three-terminal thin
film transistors (TFTs) and two-terminal thin film diodes
such as metal-insulator-metal (MIM) devices.

[0006] A commonly used TFT L.LCD comprises a substrate
having pixel electrodes, an opposite substrate having a
common electrode, and a liquid crystal material between
these two substrates. When the pixel electrodes and the
common electrode are supplied with voltages, the molecules
of the liquid crystal material change their orientations in
response to the electrical field due to the potential difference
between the pixel electrode and the common electrode.

[0007] However, the conventional LCD has a narrow
viewing angle and a contrast dependent on the viewing
angle. Furthermore, there is a problem that the number of the
process steps is too many because the electrodes are formed
in each substrate and the two substrates have a short point
for applying voltages into the common electrode.

[0008] In order to overcome these problems, IPS LCDs
show the best of the suggested solutions. An IPS LCD has
pixel and common electrodes formed in only one of the two
substrates, and the voltage difference of the pixel electrodes
and the common electrode produces substantially horizontal
electric fields. FIGS. 1(a) and 2(a) arc both layout diagrams
of conventional IPS LCDs. As show in FIG. 1(a) a pixel 10,
a common electrode 11 is formed on a glass substrate (not
shown) in a transverse direction, and its longitudinal
branches 111 and 112 go towards gate bus line 13. A pixel
electrode 14 overlaps with the common electrode 11, and its
longitudinal branch 141 crossing the middle of the pixel 10
is connected to a thin film transistor 15. A signal line 12
crossing the gate bus line 13 is formed in a longitudinal
direction to be connected to the thin film transistor 15.

[0009] FIG. 1(b) is a cross-section diagram taken along
the line 1-1 in FIG. 1(2). Because of the signal line 12, the
longitudinal branches 111 and 112 of the common electrode
11 and the longitudinal branch 141 of the pixel electrode 14
are all arranged in parallel direction without mutually over-
lapping, and the aperture ratio of the pixel 10 has its
limitation on geometric disposition. In addition, two insu-
lating layers including a gate insulating layer 17 and a
passive layer 18 are superposed on the glass substrate 16 in
sequence.
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[0010] In comparison with FIG. 1(a), FIG. 2(@) provides
an overlapping structure to obtain a higher aperture ratio for
enhancing transmittance of incident light from a backlight.
That is, a common electrode 21 overlaps with a signal line
22 in a pixel 20, and a pixel electrode 24 overlaps with a gate
bus line 23. The longitudinal branch 241 extended from the
pixel electrode 24 crosses the middle of the pixel 20 to be
connected to a thin film transistor 25. Referring to Al-A4
being the width of the apertures in FIG. 1(b) and FIG. 2(b),
the pixel 10 has a higher aperture ratio than the pixel 20 due
to A3>Al and A4>A2, and receives more transparent area
for transmitting light. In addition, three insulating layers
including a gate-insulating layer 27, a passive layer 28 and
a resin insulator 29 are superposed on the glass substrate 26
in sequence.

[0011] However, these conventional IPS LCDs have a
disadvantage that the gate bus line 23 is too wide to occupy
larger area on a pixel, as shown in FIG. 2(c) taken along the
line 3-3 in FIG. 2(a). If it is possible to reduce the width of
the gate bus line, an IPS LCD can improve transmittance of
incident light to a large aperture ratio.

SUMMARY OF THE INVENTION

[0012] The first object of the present invention is to
improve the transmittance of light on an IPS LCD by
reducing the width of gate bus line to obtain a high aperture
ratio.

[0013] The second object of the present invention is to
provide an IPS LCD with lower power consumption by
increasing horizontal electric fields by means of an addi-
tional ITO electrode overlaid and contacting the pixel elec-
trode to enhance the storage capacitance.

[0014] The third object of the present invention is to have
an IPS LCD with high resolution by reducing the width of
gate bus line to obtain a smaller pixel region.

[0015] In order to achieve these objects, the present inven-
tion discloses an in-plane switching (IPS) LCD having a
plurality of pixels arranged in a matrix to be formed on a
transparent insulating substrate. A region, bound by a pair of
gate bus lines and a pair of signal bus lines, defines a unit
pixel region. Each common electrode overlaps with one of
the signal bus lines in parallel. A gate electrode extended
from an adjacent gate bus line goes toward the gate bus line
of the pixel. A switching element formed in the pixel is a
three-terminal thin film transistor whose one terminal is
connected to a pixel electrode by passing through the middle
of the pixel, and the other two terminals are respectively
connected to the gate bus line and the signal bus line. The
pixel electrode overlaps with the gate electrode in parallel,
and the storage capacitor of the pixel is formed therebe-
tween.

[0016] In the IPS L.CD according to the present invention,
the gate bus lines and the gate electrodes are formed on the
transparent insulating substrate, and a gate-insulating layer
is overlaid thereon. The pixel electrodes and the signal lines
are separately formed on the gate-insulating layer in per-
pendicular to the gate bus lines, and a passive layer is
overlaid thereon. Each of the common electrodes is formed
on the passive layer in parallel to each of the signal lines.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The invention will be described according to the
appended drawings in which:

[0018] FIG. 1(a) shows a prior schematic layout diagram
of the IPS LCD;

[0019] FIG. 1(b) shows a cross-sectional diagram taken
along the line 1-1 of FIG. 1(a);

[0020] FIG. 2(a) shows a prior schematic layout diagram
of the IPS LCD;

[0021] FIG. 2(b) shows a cross-sectional diagram taken
along the line 2-2 of FIG. 2(a);

[0022] FIG. 2(c) shows another cross-sectional diagram
taken along the line 3-3 of FIG. 2(a);

[0023] FIG. 3(a) shows a schematic layout diagram of the
IPS L.CD in accordance with the first embodiment of the
present invention;

[0024] FIG. 3(b) shows a cross-sectional diagram taken
along the line 4-4 of FIG. 3(a);

[0025] FIG. 4(a) shows a schematic layout diagram of the
IPS LCD in accordance with the second embodiment of the
present invention;

[0026] FIG. 4(b) shows a cross-sectional diagram taken
along the line 5-5 of FIG. 4(a);

[0027] FIGS. 5(a)-5(d) show manufacturing steps of the
IPS LCD shown in FIG. 3(a); and

[0028] FIG. 6 shows a manufacturing step of the IPS LCD
shown in FIG. 4(a).

PREFERRED EMBODIMENT OF THE PRESENT
INVENTION

[0029] Referring to FIG. 3(a), the pixel 30 of the IPS
LCD, in accordance with the first embodiment of the present
invention, is shown. A pair of gate bus lines 31 and 31' is
formed on a transparent insulating substrate such as a glass
substrate in a transverse direction, and the gate electrode 35
extended from the gate bus lines 31' of the adjacent pixel
goes towards the gate bus lines 31. A pixel electrode 34
completely overlaps with the gate electrode 35 from the
middle of the gate bus lines 31' to the position close to gate
bus lines 31, and is wider than the gate electrode 35. The
signal bus lines 32 and 32' separately cross the gate bus lines
31 and 31' on two longitudinal sides of the pixel 30 in
transverse direction. A switching element 36 formed in the
pixel 30 is a three-terminal thin film transistor whose one
terminal is connected to the pixel electrode 34 and the other
two terminals are separately connected to the gate bus line
31 and the signal bus line 32. One common electrode 33
overlaps with the signal bus line 32, and another common
electrode 33' overlaps with the signal bus line 32'.

[0030] Now, a method for manufacturing the aforemen-
tioned IPS LCD is described with reference to FIGS. 5(a) to
5(d). As shown in FIG. 5(g), a metal material such as
chromium is deposited and patterned to form the gate bus
lines 31 and 31' arranged in the transverse direction and the
gate electrode 35 extended from the gate bus line 31
arranged in the longitudinal direction on a transparent sub-
strate.
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[0031] As shown in FIG. 5(b), a silicon nitride layer, an
amorphous silicon layer and an n+ amorphous silicon layer
are deposited, and the upper two layers are patterned to form
the switching elements 36 consisting of the amorphous
silicon layer and n+ amorphous silicon layer at the cross
points of the gate bus lines 31 and 31' and the pixel
electrodes 34(as shown in FIG. 3(a)).

[0032] Then, a conductive material is deposited and pat-
terned to form the signal bus lines 32 and 32' arranged in the
longitudinal direction and the pixel electrodes 34 overlap-
ping with the gate electrode 35 and connected to the switch-
ing elements 36(as shown in FIG. 5(c)). A silicon nitride
layer and a resin layer with a thickness of 3-5 um are
deposited in sequence on the whole surface including the
surface of the signal bus lines 32, the signal bus lines 32' and
the pixel electrodes 34. As shown in FIG. 5(d), a transparent
conductive material such as ITO (indium-tin-oxide) is
deposited and patterned to form the common electrodes 33
and 33' respectively overlapping with the signal bus lines 32
and 32'.

[0033] FIG. 3(b) shows a cross-sectional diagram taken
along the line 4-4 of FIG. 3(a). First of all, the gate electrode
35 as well as the gate bus lines 31 and 31' are formed on a
glass substrate 37, and a gate-insulating layer 381 is overlaid
thereon. Secondly, the pixel electrode 34 and the signal lines
32 and 32' are separately formed on the gate-insulating layer
381 in perpendicular to the gate bus lines 31, and a passive
layer 382 is overlaid thereon. Finally, a resin layer 383 with
a thickness of 3-5 um is overlaid on the passive layer 382,
and the common electrodes 33 and 33' separately overlap-
ping with the signal bus lines 32 and 32' are formed on the
resin layer 383. The common electrodes 33 and 33' are made
of a transparent conductive material such as I'TO, and the
pixel electrode 34 and the gate bus lines 31 and 31' are made
of a metallic material. A storage capacitor C of the pixel 30
formed between the gate electrode 35 and the pixel electrode
34 has a storage capacitance to induce a horizontal electric
field to control the arrangement direction of the liquid
crystal.

[0034] Incomparison with FIG. 2(«), the width of the gate
bus line 31' of the pixel 30 in FIG. 3(«) is narrower than the
gate bus line 23 of the pixel 20 in FIG. 2(@). In the other
hand, the gate electrode 35 and the pixel electrode 31 also
can provide a sufficient storage capacitance therein the same
as the pixel 20 provides. In conclusion, the present invention
is to improve the transmittance of light on an IPS LCD by
reducing the width of gate bus line to obtain a high aperture
ratio.

[0035] According to a further aspect, the disposition of
liquid crystal is controlled by a horizontal electric field
formed by the common electrode and the pixel electrode,
and the horizontal electric field becomes weak if the thick-
ness of the resin layer 383 is too thick. The second embodi-
ment of the present invention, as shown in FIG. 4(a),
provides an improved structure to increase the horizontal
electric field, so it is not necessary to apply a high voltage
power for an IPS LCD to display.

[0036] FIG. 4(a) shows a schematic layout diagram of the
IPS LCD in accordance with the second embodiment of the
present invention. A pair of gate bus lines 41 and 41' is
formed on a transparent insulating substrate such as a glass
substrate in a transverse direction, and the gate electrode 45
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extended from the gate bus lines 41' of the adjacent pixel
goes towards the gate bus lines 41. A first pixel electrode 44
completely overlaps with the gate electrode 45 from the
middle of the gate bus lines 41' to the position close to gate
bus lines 41, and is wider than the gate electrode 45. The
signal bus lines 42 and 42' separately cross the gate bus lines
41 and 41' on two longitudinal sides of the pixel 40 in
transverse direction. A switching element 46 formed in the
pixel 40 is a three-terminal thin film transistor whose one
terminal is connected to the first pixel electrode 44 and the
other two terminals are separately connected to the gate bus
line 41 and the signal bus line 42. One common electrode 43
overlaps with the signal bus line 42, and another common
electrode 43' overlaps with the signal bus line 42'. In
addition, a second pixel electrode 49 overlaps with the first
pixel electrode 44, and is in contact with the first pixel
electrode 44 through contact holes 491. Moreover, the
second pixel electrode 49 is wider than the first pixel
electrode 44 and the gate electrode 45.

[0037] A method for manufacturing the IPS T.CD accord-
ing to the second embodiment (as shown in FIG. 4(a)) is
similar to the first embodiment according to the manufac-
turing steps from FIG. 5(a) to FIG. 5(d), and further
comprises a step to form the second pixel electrodes 49, as
shown in FIG. 6. After the common electrodes 43 and 43'
formed, the resin layer is etched to form the contact holes
491, and a transparent conductive material such as ITO is
deposited and patterned to form the second pixel electrodes
49 respectively overlapping with and contacting the first
pixel electrodes 45 through contact holes 491.

[0038] FIG. 4(b) is a cross-sectional diagram taken along
the line 5-5 of FIG. 4(a). First of all, the gate electrode 45
and the gate bus lines 41 and 41' are formed on a glass
substrate 47, and a gate-insulating layer 481 is overlaid
thereon. Secondly, the first pixel electrode 44 and the signal
lines 42 and 42' are separately formed on the gate-insulating
layer 481 in perpendicular to the gate bus lines 41, and a
passive layer 482 is overlaid thereon. Finally, a resin layer
483 with a thickness of 3-5 um is overlaid on the passive
layer 482, and the common electrodes 43 and 43' separately
overlapping with the signal bus lines 42 and 42' are formed
on the resin layer 483. The contact holes 491 are through
holes of the resin layer 483 and the passive layer 482 for the
second pixel electrode 49 overlaid on the upper surface to
contact the first pixel electrode 44 acted as an intermediate
layer. The common electrodes 43 and 43' and the second
pixel electrode 49 are made of a transparent conductive
material such as ITO (indium-tin-oxide), and the first pixel
electrode 44 and the gate bus lines 41 and 41' are made of
a metal material. A storage capacitor C,, of the pixel 40
formed between the gate electrode 45 and the pixel electrode
44 has a storage capacitance for inducing a horizontal
electric field to control the arrangement direction of the
liquid crystal.

[0039] Incomparison with FIG. 3(a), the width of the gate
bus lines 41' of the pixel 40 in FIG. 4(a) is the same as that
of the gate bus lines 31 of the pixel 30. Furthermore, the
pixel 40 can provide a stronger horizontal electric field by
employing the second pixel electrode 49. Hence, the second
embodiment has lower power consumption due to increasing
horizontal electric fields by means of an additional ITO
electrode overlaid and contacting the pixel electrode to
enhance the storage capacitance.
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[0040] The above-described embodiments of the present
invention are intended to be illustrative only. Numerous
alternative embodiments may be devised by persons skilled
in the art without departing from the scope of the following
claims.

What is claimed is:
1. An in-plane switching liquid crystal display with high
aperture ratio, comprising:

a transparent insulating substrate;

a plurality of gate bus lines formed on the transparent
insulating substrate;

a first insulating layer overlaid on the gate bus lines and
the transparent insulating substrate;

a plurality of signal bus lines disposed on the first insu-
lating layer;

a plurality of unit, pixel regions, each of the unit pixel
regions defined by a pair of the gate bus lines and a pair
of the signal bus lines;

a plurality of gate electrodes extended from the gate bus
lines and formed in the unit pixel region;

a plurality of first pixel electrodes formed on the first
insulating layer, each of the first pixel electrodes over-
lapping with the gate electrode in the unit pixel region;

a plurality of switching elements separately formed in
each unit pixel region, each of the switching elements
connected to the first pixel electrode, the gate bus line
and the signal bus line;

a second insulating layer overlaid on the signal bus lines,
the first pixel electrodes and the transparent insulating
substrate;

a third insulating layer overlaid on the second insulating
layer; and

a plurality of common electrodes formed on the third
insulating layer, each of the common electrodes over-
lapping with the signal bus line.

2. The in-plane switching liquid crystal display of claim
1, further comprising a plurality of second pixel electrodes
formed on the third insulating layer, wherein each of the
second pixel electrodes contacts the first pixel electrode
through at least one contact hole in the second insulating
layer and the third insulating layer.

3. The in-plane switching liquid crystal display of claim
1, wherein the common electrodes are made of indium tin
oxide.

4. The in-plane switching liquid crystal display of claim
1, wherein the switching elements are thin film transistors.

5. The in-plane switching liquid crystal display of claim
1, wherein the transparent insulating substrate is a glass
substrate.

6. The in-plane switching liquid crystal display of claim
2, wherein the second pixel electrodes are made of indium
tin oxide.

7. The in-plane switching liquid crystal display of claim
1, wherein the third insulating layer is about 3-5 um in
thickness.

8. The in-plane switching liquid crystal display of claim
1, wherein the first pixel electrode is wider than the gate
electrode.
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9. The in-plane switching liquid crystal display of claim
2, wherein the second pixel electrode is wider than the gate
electrode and the first pixel electrode.

10. An in-plane switching liquid crystal display with high
aperture ratio, comprising:

a transparent insulating substrate;

a plurality of gate bus lines formed on the transparent
insulating substrate;

a plurality of signal bus lines disposed on the transparent
insulating substrate;

a plurality of unit pixel regions, each of the unit pixel
regions defined by a pair of the gate bus lines and a pair
of the signal bus lines;

a plurality of gate electrodes extended from the gate bus
lines and formed in the unit pixel region,

a plurality of first pixel electrodes, each of the first pixel
electrodes overlapping with the gate electrode in the
unit pixel region;

a plurality of switching elements separately formed in
each unit pixel region, each of the switching elements
connected to the first pixel electrode, the gate bus line
and the signal bus line; and

a plurality of common electrodes, each of the common

electrodes overlapping with the signal bus line.

11. The in-plane switching liquid crystal display of claim
10, further comprising a first insulating layer interposed
between the gate bus lines and the signal bus lines.

12. The in-plane switching liquid crystal display of claim
10, further comprising a second insulating layer and a third
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insulating layer interposed between the signal bus lines and
the common electrodes and between the first pixel electrodes
and the common electrodes.

13. The in-plane switching liquid crystal display of claim
12, further comprising a plurality of second pixel electrodes
formed on the third insulating layer, wherein each of the
second pixel electrodes contacts the first pixel electrode
through at least one contact hole in the second insulating
layer and the third insulating layer.

14. The in-plane switching liquid crystal display of claim
10, wherein the common electrodes are made of indium tin
oxide.

15. The in-plane switching liquid crystal display of claim
10, wherein the switching elements are thin film transistors.

16. The in-plane switching liquid crystal display of claim
10, wherein the transparent insulating substrate is a glass
substrate.

17. The in-plane switching liquid crystal display of claim
13, wherein the second pixel electrodes are made of indium
tin oxide.

18. The in-plane switching liquid crystal display of claim
12, wherein the third insulating layer is about 3-5 um in
thickness.

19. The in-plane switching liquid crystal display of claim
10, wherein the first pixel electrode is wider than the gate
electrode.

20. The in-plane switching liquid crystal display of claim
13, wherein the second pixel electrode is wider than the gate
electrode and the first pixel electrode.



TRBR(F) BESARENENTRRSEE TR
K (BE)S US20040109119A1

HRiES US10/310216
FRIFE(ERRAE) BFEERROBERLA

BRiE (TR A(F) BFELREROERNTF

LA REERANAE) BFEEREROBRLE

#RIZBA LEE DEUK SU

REA LEE, DEUK SU

IPCH %5 GO02F1/1343 GO2F1/1362
CPCH%5 GO2F1/134363 G02F2201/40 GO2F1/136213
SNEBEEE Espacenet USPTO

HWEGR)

ARANFF 7 —REAYER (IPS)LCD , HEFLUEREXHSIHZA
BE  UEREERLEZER L. A—IHRELN-—ESELRE
WXERERVEEXE., SMLHBRE-FESELHTERE. M
A ABHR AR S HE R Y AR s AR B A R R AR B k. TEREBE ST
ATHR=ZFFERRAEE  H- BRIV PEERIERRDBR ,
SRS BEEBMRELMES B, K. GEBRSHMBRA B
ER A HEBENERERR[ERECNZE.

patsnap

2004-06-10

2002-12-05

491 ——

;40
7 41
45

Is
H 49
43
42
T~ 46
) 41



https://share-analytics.zhihuiya.com/view/1ef35be8-4763-48be-a784-112b7235f13f
https://worldwide.espacenet.com/patent/search/family/032467985/publication/US2004109119A1?q=US2004109119A1
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=%2220040109119%22.PGNR.&OS=DN/20040109119&RS=DN/20040109119

