US 20040109120A1

a2 Patent Application Publication (0 Pub. No.: US 2004/0109120 A1

ao United States

Lee et al.

(43) Pub. Date: Jun. 10, 2004

(54) IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY WITH AN ALIGNMENT FREE
STRUCTURE AND METHOD OF USING
BACK EXPOSURE TO FORM THE SAME

(76) Inventors: Deuk Su Lee, Taoyuan Hsien (TW);

Tean-Sen Jen, Taoyuan Hsien (TW)

Correspondence Address:
THOMAS, KAYDEN, HORSTEMEYER &
RISLEY, LLP
100 GALLERIA PARKWAY, NW
STE 1750
ATLANTA, GA 30339-5948 (US)
(21) Appl. No.: 10/315,774

(22) Filed: Dec. 10, 2002

Publication Classification

(51) Int. C1’ GO2F 1/1343
(52) US. CL oo 349/141

(57) ABSTRACT

An in-plane switching liquid crystal display with an align-
ment free structure. In each pixel area, at least one floating
metal layer is disposed between two common electrodes and
patterned on the same plane with the common electrodes,
and at least one pixel electrode is disposed between the two
common electrodes and covers the floating metal layer. The
center of the pixel electrode is aligned to the center of the
floating metal layer, and each interval between two adjacent
common electrode and pixel electrode is fixed at a constant.
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IN-PLANE SWITCHING LIQUID CRYSTAL
DISPLAY WITH AN ALIGNMENT FREE
STRUCTURE AND METHOD OF USING BACK
EXPOSURE TO FORM THE SAME

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

[0002] The present invention relates in general to an
in-plane switching liquid crystal display (IPS-LCD). In
particular, the present invention relates to an IPS-LCD with
an alignment free structure and a method of using back
exposure to form the same.

[0003] 2. Description of the Related Art

[0004] Liquid crystal displays (LCDs) may be classified
by the orientation of the L.C molecules between the spaced
apart glass substrates. In a conventional twisted nematic
LCD (TN-LCD), the LC molecules are twisted between the
two substrates. In contrast, in an in-plane switching LCD
(IPS-LCD), common electrodes and pixel electrodes are
formed on a lower glass substrate (TFT substrate) and an
in-plane electric field therebetween is generated to rearrange
the LC molecules along the electric field. Accordingly, the
IPS-LCD has been used or suggested for improving draw-
backs of the conventional TN-L.CD, such as a very narrow
viewing angle and a low contrast ratio.

[0005] In order to achieve a better result of the in-plane
electric field, a comb-shaped electrode array is built in the
IPS-LCD to solve the problems such as an insufficient
aperture ratio and crosstalk produced between data lines and
common electrodes. FIGS. 1A and 1B are sectional dia-
grams of a conventional IPS-LCD. FIG. 1A shows the
alignment of the LC molecules at an off state, and FIG. 1B
shows the alignment of the LC molecules at an on state. The
IPS-LCD has a lower glass substrate 10, an upper glass
substrate 12, and a liquid crystal layer 14 disposed in a space
between the two parallel glass substrates 10 and 12. On the
lower glass substrate 10, serving as a TFT substrate, a
plurality of strip-shaped common electrodes 16 arranged as
a comb-shape structure is patterned on the lower glass
substrate 10, an insulating layer 18 is deposited on the
common electrodes 16 and the lower glass substrate 10, and
a plurality of strip-shaped pixel electrodes 20 arranged as a
comb-shape structure is patterned on the insulating layer 18.

[0006] As shown in FIG. 1A, before an external voltage is
applied to the IPS-LCD, the LC molecules 14A are aligned
in a direction parallel to the lower glass substrate 10. As
shown in FIG. 1B, when an external voltage is applied to the
IPS-LCD, an in-plain electric field 22 is generated between
the common electrode 16 and the pixel electrode 20, result-
ing in a rotation of the LC molecules 14B toward the
in-plane electric field 22.

[0007] Depending on the material and the structure design
of the common electrode 16 and the pixel electrode 20, the
conventional comb-shaped electrode array is classified as
three types. FIGS. 2A to 2C are sectional diagrams showing
three types of the common electrode 16 and the pixel
electrode 20 in the conventional comb-shaped electrode
array. In the first type, as shown in FIG. 2A, the common
electrode 16 and the pixel electrode 20 are patterned on the
same plane and made of a transparent conductive material,
such as ITO or IZO. In the second type, as shown in FIG.
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2B, the common e¢lectrode 16 made of a non-transparent
conductive material, such as Al and MoW, is patterned on
the lower glass substrate 10 followed by depositing the
insulating layer 18, and then the pixel electrode 20 made of
a transparent conductive material, such as ITO or 1Z0, is
patterned on the insulating layer 18. In the third type, as
shown in FIG. 2C, the common ¢lectrode 16 and the pixel
electrode 20 are patterned on the same plane and made of a
non-transparent conductive material, such as Al and MoW.

[0008] FIG. 3 is a simulation result of the optical char-
acteristics of opaque electrodes (Al) and transparent ¢lec-
trodes (ITO). The transmittance is estimated 1.25 times
when one of the pair electrodes is transparent, and 1.5 times
when both of the pair electrodes are transparent respectively.
The first type (FIG. 2A) can provide a greater luminance to
the IPS-LCD than the second type (FIG. 2B) and the third
type (FIG. 2C). The first type (FIG. 2A), however, provides
a worsen view-angle characteristic than the second type and
the third type. Also, the third type severely decreases the
luminance of the IPS-LCD because most of the light is
blocked by the non-transparent conductive material. There-
fore, the second type (FIG. 2B) is the most common type
used in the conventional comb-shaped electrode array.

[0009] FIGS. 4A to 4C show the response characteristics
of each electrode type corresponding to the first type (FIG.
2A), the second type (FIG. 2B) and the third type (FIG.
20), respectively. The frame frequency dependence on the
flicker property are observed in the second type, but not
observed in other types. This means that LC molecules move
on transparent electrodes and the behavior influences that
optical characteristics. Also, as shown in FIG. 4B, the
luminance wvariation is found in the second type. This
phenomenon is caused by flexo-electro polarity when a
voltage is applied to the electrodes, resulting in the offset
flicker.

[0010] FIG. 5A is a top view showing an electrode array
within a pixel area of an IPS-LCD according to the prior art,
and FIG. 3B is a sectional view along line I-I of FIG. 5A
showing the electrode array of the IPS-LCD according to the
prior art. The conventional IPS-LCD 1 has a plurality of
pixel areas arranging in a matrix form and constituted by a
plurality of gate lines 2 and data lines 4. Each pixel area
comprises a TFT structure 6, a comb-shaped common elec-
trode structure 16 and a comb-shaped pixel electrode struc-
ture 20. The comb-shaped common electrode structure 16
comprises a bar 16a and three teeth 16b, and the comb-
shaped pixel electrode structure 20 comprises a bar 20a and
two teeth 20b. By using the second type as shown in FIG.
2B, the teeth 165 and the teeth 20a of different transmittance
materials are patterned on different planes.

[0011] However, since misalignment in the photolithogra-
phy process is not easily controlled, it is possible to form
different intervals between the common electrodes 16 and
the pixel electrodes 20 on the electrode array, resulting in
different capacitances and transmittances. FIG. 6 is a simu-
lation result of the misalignment effect. In this practical case,
demerits such as trip mura, shot mura and flicker are
commonly found in the conventional IPS-LCD.

SUMMARY OF THE INVENTION

[0012] An object of the present invention is to provide an
IPS-LCD with an alignment free structure and a method of



US 2004/0109120 Al

using back exposure to form the same. This alignment free
structure can solve the demerits of shot mura and flicker
found in the prior art.

[0013] In cach pixel area of the IPS-LCD with an align-
ment free structure, at least one floating metal layer is
disposed between two common electrodes and patterned on
the same plane with the common electrodes, and at least one
pixel electrode is disposed between the two common elec-
trodes and covers the floating metal layer. The center of the
pixel electrode is aligned to the center of the floating metal
layer, and each interval between two adjacent common
electrode and pixel electrode is fixed at a constant.

[0014] A method of forming an in-plane switching liquid
crystal display with an alignment free structure, comprises
steps of: providing a glass substrate; forming a plurality of
gate lines extending in a first direction on the glass substrate;
forming a comb-shaped common electrode structure within
each predetermined pixel area, wherein the comb-shaped
common electrode structure comprises a common bus line
parallel to the gate line and at least two common electrodes
extending in a second direction that is perpendicular to the
first direction; forming a floating metal pattern within each
predetermined pixel area, wherein the floating metal pattern
comprises at least one floating metal layer extending in the
second direction between the two common electrodes; form-
ing an insulating layer to cover the gate lines, the comb-
shaped common electrode structure, the floating metal pat-
tern and glass substrate; forming a plurality of data lines
extending in the second direction on the insulating layer,
wherein the data lines and the gate lines constitute a plurality
of pixel areas arranging in a matrix form; forming an
passivation layer on the entire surface of the glass substrate;
forming a comb-shaped pixel electrode structure disposed in
each pixel area on the passivation layer, wherein the comb-
shaped pixel electrode structure comprises a bar near the
gate line and at least one pixel electrode that extends in the
second direction between the two common electrodes and
covers the floating metal layer. The center of the pixel
electrode is aligned to the center of the floating metal layer,
and each interval between two adjacent common electrode
and pixel electrode is fixed at a constant.

[0015] It is an advantage of the present invention that
using back exposure from the back side of the bottom glass
substrate to fine tunes the pattern of pixel electrodes. Thus,
the center of the pixel electrode can be aligned to the center
of the floating metal layer so as to provide the same degree
of in-plane electric field in each sub-pixel area. This results
in the same capacitance and transmittance in each sub-pixel
area to eliminate trip mura, shot mura and flicker found in
the conventional IPS-LCD.

[0016] This and other objective of the present invention
will no doubt become obvious to those of ordinary skill in
the art after having read the following detailed description of
the preferred embodiments which are illustrated in the
various figures and drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017] The present invention can be more fully understood
by reading the subsequent detailed description in conjunc-
tion with the examples and references made to the accom-
panying drawings, wherein:
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[0018] FIG. 1A is a sectional diagram showing the align-
ment of the LC molecules at an off state according to the
conventional IPS-LCD.

[0019] FIG. 1B is a sectional diagram showing the align-
ment of the LC molecules at an on state according to the
conventional IPS-LCD.

[0020] FIG. 2A is a sectional diagram showing the first
type of the common electrode and the pixel electrode in the
conventional comb-shaped electrode array.

[0021] FIG. 2B is a sectional diagram showing the second
type of the common electrode and the pixel electrode in the
conventional comb-shaped electrode array.

[0022] FIG. 2C is a sectional diagram showing the third
type of the common electrode and the pixel electrode in the
conventional comb-shaped electrode array.

[0023] FIG. 3 is a simulation result of the optical char-
acteristics of opaque electrodes (Al) and transparent elec-
trodes (ITO).

[0024] FIGS. 4A to 4C are the response characteristics of
each electrode type corresponding to the first type (FIG.
2A), the second type (FIG. 2B) and the third type (FIG.
2C), respectively.

[0025] FIG. 5A is a top view showing an electrode array
within a pixel area of an IPS-L.CD according to the prior art.

[0026] FIG. 5B is a sectional view along line I-I of FIG.
5A showing the electrode array of the IPS-LCD according to
the prior art.

[0027] FIG. 6 is a simulation result of the misalignment
effect.
[0028] FIG. 7A is a sectional diagram showing an IPS-

LCD according to the invention.

[0029] FIG. 7B is a top view showing an electrode array
within a pixel area of an IPS-LCD according to the first
embodiment of the present invention.

[0030] FIG. 7C is a scctional diagram along line II-II
shown in FIG. 7B.

[0031] FIG. 8A is a top view showing a first step of
forming the electrode array within a pixel area of the first
embodiment.

[0032] FIG. 8B is a sectional view along line III-IIT shown
in FIG. 8A.
[0033] FIG. 9A is a top view showing a second step of

forming the electrode array within a pixel area of the first
embodiment.

[0034] FIG. 9B is a sectional view along line IIT-IIT shown
in FIG. 9A.
[0035] FIG. 10A is a top view showing a third step of

forming the electrode array within a pixel area of the first
embodiment.

[0036] FIG. 10B is a sectional view along line IHI-III
shown in FIG. 10A.

[0037] FIG. 11A is a top view showing a fourth step of
forming the electrode array within a pixel area of the first
embodiment. FIG. 11B is a sectional view along line ITI-III
shown in FIG. 11A.
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[0038] FIG. 12A is a top view showing a fifth step of
forming the electrode array within a pixel area of the first
embodiment.

[0039] FIG. 12B is a sectional view along line III-III
shown in FIG. 12A.

[0040] FIG. 12C is a sectional view along line III-III
shown in FIG. 12A.

[0041] FIG. 13A is a top view showing an electrode array
within a pixel area of an IPS-LCD according to the second
embodiment of the present invention.

[0042] FIG. 13B is a sectional diagram along line IV-IV
shown in FIG. 13A.

[0043] FIG. 14A is a top view showing an electrode array
within a pixel area of an IPS-LLCD according to the third
embodiment of the present invention.

[0044] FIG. 14B is a sectional diagram along line V-V
shown in FIG. 14A.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0045] [First Embodiment]

[0046] FIG. 7A is a sectional diagram showing an IPS-
LCD according to the invention. FIG. 7B is a top view
showing an electrode array within a pixel area of an IPS-
LCD according to the first embodiment of the present
invention. FIG. 7C is a sectional diagram along line II-IT
shown in FIG. 7B.

[0047] As shown in FIG. 7A, an IPS-LCD 30 comprises
a pair of glass substrates 32 and 34 arranging in parallel and
a liquid crystal layer 36 formed in a space between the two
glass substrates 32 and 34. The bottom glass substrate 32
serves as a TFT array substrate, on which gate lines, data
lines, common electrodes, pixel electrodes are patterned.
The upper substrate 34 serves as a color filter substrate, on
which a color filter film 38 and a black matrix are patterned.
Hereinafter, an electrode array within a pixel area on the
bottom glass substrate 32 of the IPS-LLCD 30 is described.

[0048] As shown in FIGS. 7B and 7C, on the bottom
glass substrate 32, a plurality of gate lines 42 extending
along X-axis and a plurality of data lines 44 extending along
Y-axis forms a plurality of pixel arcas 40 arranged in a
matrix form. Each of the pixel areas 40 comprises a TFT
structure 46, a comb-shaped common electrode structure, a
floating metal pattern, and a comb-shaped pixel electrode
structure. In this case, the comb-shaped common electrode
structure comprises a common bus line 52 disposed in
X-axis and a plurality of common electrodes 54 extending
away from the common bus line 52 along a first direction of
Y-axis. Preferably, in one pixel area 40, there are three
common electrodes 54. The comb-shape pixel electrode
structure comprises a bar 62 disposed near the TFT structure
46 and at least one pixel electrode 64 extending away from
the bar 62 along a second direction of Y-axis. Preferably, in
one pixel area 40, there are two pixel electrodes 64. The two
pixel electrodes 64 are inter-digitated with the three com-
mon electrodes 54. In addition, the floating metal pattern
comprises at least one strip-shaped floating metal layer 56
disposed between two adjacent common electrodes 54 and
underneath the pixel electrode 64. Preferably, the floating
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metal pattern has two floating metal layers 56 that extend
along Y-axis and are patterned under the two pixel electrodes
64, respectively. Also, the floating metal layer 56 is not
connected to the common bus line 54.

[0049] As shown in FIG. 7C, the common electrodes 54
and the floating metal layers 56 are patterned on the same
plane of the bottom glass substrate 32, an insulating layer 48
is deposited to cover the common electrodes 54 and the
floating metal layers 56, and the pixel electrodes 64 are
patterned on the insulating layer 64. The common electrodes
54 may be patterned on same plane with the common bus
line 52, the data line 44 or the gate line 42. The floating
metal layers 36 may be patterned on same plane with the
common bus line 52, the data line 44 or the gate line 42.
Preferably, the common electrode 54 is a non-transparent
material, such as MoW or AINd, the floating metal layer 56
is a non-transparent material, such as MoW or AINd, and the
pixel electrode 64 is a transparent material, such as ITO or
IZO. Also, the width of the pixel electrode 64 is larger than
the width of the floating metal layer 56. Preferably, the
center of the pixel electrode 64 is aligned to the center of the
floating metal layer 56, therefore the distance D, is equal to
D,.

[0050] Since the common electrodes 54 and the floating
metal layers 56 are patterned on the same plane, the interval
between the common electrode 54 and the floating metal
layer 56 is easily controlled in the same step of photolithog-
raphy process. Also, using back exposure from the back side
of the bottom glass substrate 32 to fine tune the pattern of
pixel electrodes 64, the center of the pixel electrode 64 can
be aligned to the center of the floating metal layer 56.
Therefore, the interval between the common electrode 56
and the pixel electrode 64 can be fixed at a constant distance
to provide the same degree of in-plane electric field in each
sub-pixel area. This results in the same capacitance and
transmittance in each sub-pixel area to eliminate trip mura,
shot mura and flicker found in the conventional IPS-LCD.

[0051] Hereinafter, a method of forming the electrode
array shown in FIG. 7 is described.

[0052] FIG. 8A is a top view showing a first step of
forming the electrode array within a pixel area of the first
embodiment. FIG. 8B is a sectional view along line III-IIT
shown in FIG. 8A. On the bottom glass substrate 32, a first
metal layer of MoW or AINd is deposited and patterned to
become the gate lines 42, the comb-shape common electrode
structure 50 and the floating metal pattern 58. The gate line
42 extends along X-axis. The comb-shaped common elec-
trode structure S50 comprises the common bus line 352
disposed in X-axis and three common electrodes 54 extend-
ing away from the common bus line 52 along a first direction
of Y-axis. The floating metal pattern 58 comprises two
floating metal layers 56 disposed in Y-axis and inter-digi-
tated with the three common electrodes 54.

[0053] FIG. 9A is a top view showing a second step of
forming the electrode array within a pixel area of the first
embodiment. FIG. 9B is a sectional view along line ITI-IIT
shown in FIG. 9A. After completes the gate lines 42, the
comb-shape common electrode structure 50 and the floating
metal pattern 58, an insulating layer 48, a first semiconduc-
tor layer and a second semiconductor layer are sequentially
deposited. Preferably, the first semiconductor layer is amor-
phous silicon (a-Si:H), and the second semiconductor layer
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is n"-doped amorphous silicon (n*a-Si:H). Then, using pho-
tolithography and etching processes, the first semiconductor
layer and the second semiconductor layer are patterned to be
an island structure 59 on a predetermined area (a gate
electrode region) of the gate line 42.

[0054] FIG. 10A is a top view showing a third step of
forming the electrode array within a pixel area of the first
embodiment. FIG. 10B is a sectional view along line III-IIT
shown in FIG. 10A. When a second metal layer is deposited
on the bottom glass substrate 32, a part of the second metal
layer is patterned to become the data lines 44 extending
along Y-axis. Thus, the gate lines 42 and the data lines 44
forms a plurality of pixel areas 40 arranged in a matrix form.
Also, another part of the second metal layer are patterned on
the island structure 59, and then separated by an opening to
serve as a source/drain electrode. Moreover, in the island
structure 59, the second semiconductor layer is separated by
an opening to serve as a source/drain diffusion region, and
the first semiconductor layer serves as a channel region.
Therefore, the gate electrode, the source/drain electrode,
source/drain diffusion region and the channel region com-
plete the TFT structure 46.

[0055] FIG. 11A is a top view showing a fourth step of
forming the electrode array within a pixel area of the first
embodiment. FIG. 11B is a sectional view along line III-IIT
shown in FIG. 11A. A passivation layer 49 of SiNx is
deposited to cover the whole surface of the bottom glass
substrate 32. Then, using photolithography and etching
processes, a via hole 57 is formed in the passivation layer 49
to expose the drain region.

[0056] FIG. 12A is a top view showing a fifth step of
forming the electrode array within a pixel area of the first
embodiment. FIG. 12B is a sectional view along line ITI-IT
shown in FIG. 12A. FIG. 12C is a sectional view along line
III-1IT shown in FIG. 12A. A transparent electrode layer,
such as ITO or [Z0, is deposited on the entire surface of the
bottom glass substrate 32 to fill the via hole 57. Then, using
photolithography and etching processes, the transparent
electrode layer is patterned to become a comb-shaped pixel
electrode structure 60, which comprises a bar 62 and two
pixel electrodes 64. The two pixel electrodes 64 that extend
in a second Y-axis cover the two floating metal layer 56 and
are inter-digitated with the three common electrodes 54. For
achieving a misalignment free structure, two steps of expo-
sure are required and described as follows.

[0057] First, as shown in FIG. 12B, using a top exposure
process 66 from the top side of the bottom glass substrate 32
with a mask, the transparent electrode layer is patterned to
provide a plurality of predetermined pixel electrodes 64A
over the floating metal layers 56, respectively. The top
exposure process 66 is employed to ensure that the prede-
termined pixel electrode 64A covers the floating metal layers
56, and the mask of a larger pattern size is used to roughly
tune the relationship between the predetermined pixel elec-
trode 64A and the floating metal layer 56. Therefore, the
width of the predetermined pixel electrode 64A is more than
0.25 um larger than the ideal size, and the distance D5 or D,
is larger than the ideal distance D, or D,.

[0058] Next, as shown in FIG. 12C, using a back exposure
process 68 from the back side of the bottom glass substrate
32 with the floating metal layers 56 as a mask, the prede-
termined pixel electrodes 64A are patterned to become the
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pixel electrodes 64 with an ideal size and perfect alignment
to the floating metal layers 5§6. The back exposure process 68
is employed to fine tune the relationship between the pixel
electrode 64 and the floating metal layer 56 to ensure the
distance D, is equal to the distance D,.

[0059]

[0060] FIG. 13A is a top view showing an electrode array
within a pixel area of an IPS-LCD according to the second
embodiment of the present invention. FIG. 13B is a sec-
tional diagram along line IV-IV shown in FIG. 13A.

[0061] The second embodiment provides an IPS-L.CD 70,
in which the electrode array within the pixel area is almost
the same as that described in the first embodiment. The only
one difference is that the transparent electrode layer is
patterned on the floating metal layers 56 to serve as the pixel
electrodes 64 and also patterned on the common electrodes
54 to serve as three transparent compensation electrodes 72.
It is noticed that the transparent compensation electrodes 72
is floated between two adjacent pixel electrodes 64, without
overlapping the common bus line 52, the gate line 42 and the
data line 44.

[0062] The method of forming the electrode array of the
IPS-LCD 70 is almost the same as that described in the first
embodiment. The difference is that the top exposure process
on the transparent electrode layer extra provides a pattern of
the transparent compensation electrodes 72, and then the
back exposure process can use the common electrodes 54
and the floating metal layers 56 as the mask to fine tune the
width of the transparent compensation electrodes 72 and the
width of pixel electrodes 64.

[0063] Since the transparent compensation electrodes 72
and the pixel electrodes 64 are patterned on the same plane,
the interval between the transparent compensation electrode
72 and the pixel electrode 64 is easily controlled in the same
step of photolithography process, resulting in the same
capacitance and transmittance. This eliminates trip mura,
shot mura and flicker found in the conventional IPS-L.CD. In
addition, the transparent compensation electrodes 72 further
improve the aperture ratio of the IPS-LCD 70.

[0064] [Third Embodiment]

[0065] FIG. 14A is a top view showing an electrode array
within a pixel area of an IPS-LLCD according to the third
embodiment of the present invention. FIG. 14B is a sec-
tional diagram along line V-V shown in FIG. 14A.

[0066] The third embodiment provides an IPS-L.CD 80, in
which the electrode array within the pixel area is almost the
same as that described in the second embodiment. The
differences are described as follows. First, the first metal
layer is patterned as the gate line 42 and the common bus
line 52, and the second metal layer is patterned as the data
line 44, the common electrode 54 and the floating metal
layer 56. Thus, a via hole 82 is required to provide an
electrically connection between the common bus line 52 and
the common electrode 54. Second, in addition to the pixel
electrodes 64 and transparent compensation electrodes 72,
the transparent electrode layer is patterned on the common
bus line 52 to serve as an electrode plate 84. It is noticed that
the electrode plate 84 is floated without connecting the pixel
electrodes 64 and transparent compensation electrodes 72.

[Second Embodiment]
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[0067] The method of forming the electrode array of the
IPS-LCD 80 is almost the same as that described in the
second embodiment. The difference is that the top exposure
process on the transparent electrode layer extra provides a
pattern of the electrode plate 84, and then the back exposure
process can use the common bus line 52, the common
electrodes 54 and the floating metal layers 56 as the mask to
fine tune the width of the electrode plate 84, the transparent
compensation electrodes 72 and the width of pixel elec-
trodes 64.

[0068] Compared with the first embodiment and the sec-
ond embodiment, the third embodiment provides the elec-
trode plate 84 over the common bus line 52 to contribute a
storage capacitor. Also, the combination of the electrode
plate 82 and the transparent compensation electrodes 72
further improves the aperture ratio of the IPS-LCD 80.

[0069] Those skilled in the art will readily observe that
numerous modifications and alterations of the device may be
made while retaining the teaching of the invention. Accord-
ingly, the above disclosure should be construed as limited
only by the metes and bounds of the appended claims.

What is claimed is:
1. An in-plane switching liquid crystal display with an
alignment free structure, comprising;:

a first substrate and a second substrate arranging in
parallel to each other;

a liquid crystal layer formed in a space between first
substrate and the second substrate;

a plurality of gate lines extending in a first direction and
formed on the first substrate;

a plurality of data lines extending in a second direction
and formed on the first substrate, wherein the second
direction is perpendicular to the first direction, and the
data lines and gate lines constitute a plurality of pixel
areas arranging in a matrix form;

a plurality of TFT structures formed in the plurality of
pixel areas respectively;

a plurality of comb-shaped common electrode structures
disposed in the plurality of pixel areas respectively on
the first substrate, wherein each comb-shaped common
electrode structure comprises a common bus line par-
allel to the gate line and at least two common electrodes
extending in the second direction;

a plurality of floating metal patterns disposed in the
plurality of pixel areas respectively on the first sub-
strate, wherein each floating metal pattern comprises at
least one floating metal layer which extends in the
second direction between the two common electrodes
and is patterned on the same plane with the common
electrodes; and

a plurality of comb-shaped pixel electrode structures
disposed in the plurality of pixel areas respectively on
the first substrate, wherein each comb-shaped pixel
electrode structure comprises a bar near the gate line
and at least one pixel electrode which extends in the
second direction between the two common electrodes
and covers the floating metal layer;
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wherein, the center of the pixel electrode is aligned to the
center of the floating metal layer, each interval between
two adjacent common electrode and pixel electrode is
fixed at a constant, and the width of the pixel electrode
is larger than the width of the floating metal layer.

2. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 1, wherein the
width of the pixel electrode is more than 0.25 um larger than
the width of the floating metal layer.

3. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 1, further
comprising an insulating layer disposed between the pixel
electrode and the floating metal layer.

4. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 1, wherein the
pixel electrode is made of a transparent conductive material.

5. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 1, wherein the
common electrode and the floating metal layer are made of
a non-transparent conductive material.

6. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 1, wherein the
common e¢lectrode and the floating metal layer are patterned
on the same plane with the common bus line and the gate
line.

7. A method of forming an in-plane switching liquid
crystal display with an alignment free structure, comprising
steps of:

providing a substrate;

forming a plurality of gate lines extending in a first
direction on the substrate;

forming a comb-shaped common electrode structure
within each predetermined pixel area, wherein the
comb-shaped common electrode structure comprises a
common bus line parallel to the gate line and at least
two common electrodes extending in a second direction
that is perpendicular to the first direction;

forming a floating metal pattern within each predeter-
mined pixel area, wherein the floating metal pattern
comprises at least one floating metal layer extending in
the second direction between the two common elec-
trodes;

forming an insulating layer to cover the gate lines, the
comb-shaped common electrode structure, the floating
metal pattern and substrate;

forming a plurality of data lines extending in the second
direction on the insulating layer, wherein the data lines
and the gate lines constitute a plurality of pixel areas
arranging in a matrix form;

forming a passivation layer on the entire surface of the
substrate;

forming a comb-shaped pixel electrode structure disposed
in each pixel area on the passivation layer, wherein the
comb-shaped pixel electrode structure comprises a bar
near the gate line and at least one pixel electrode that
extends in the second direction between the two com-
mon electrodes and covers the floating metal layer;

wherein the center of the pixel electrode is aligned to the
center of the floating metal layer, and each interval
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between two adjacent common electrode and pixel
electrode is fixed at a constant.

8. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 7, further comprising steps of forming a TFT structure
within each pixel area:

before the formation of the data line, forming an island
structure on a predetermined area of the gate line,
wherein the island structure is stacked by a first semi-
conductor layer and a second semiconductor layer;

at the same time when forming the data line, forming a
source/drain electrode layer on the island structure; and

patterning the island structure to form the first semicon-
ductor layer as a source/drain diffusion layer.
9. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 8, further comprising steps of:

forming a via hole in the passivation layer to expose the
drain electrode layer; and

forming the bar of the comb-shaped pixel electrode struc-
ture to electrically connecting the drain electrode layer
through the via hole.

10. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 7, wherein the width of the pixel electrode is larger
than the width of the floating metal layer.

11. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 10, wherein the width of the pixel electrode is more
than 0.25 um larger than the width of the floating metal
layer.

12. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 7, wherein the pixel electrode is made of a transparent
conductive material.

13. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 7, wherein the common electrode and the floating
metal layer are made of a non-transparent conductive mate-
rial.

14. The method of forming an in-plane switching liquid
crystal display with an alignment free structure as claimed in
claim 7, wherein the common electrode and the floating
metal layer are patterned on the same plane with the com-
mon bus line and the gate line.

15. An in-plane switching liquid crystal display with an
alignment free structure, comprising;:

a first substrate and a second substrate arranging in
parallel to each other;

a liquid crystal layer formed in a space between first
substrate and the second substrate;

a plurality of gate lines extending in a first direction and
formed on the first substrate;

a plurality of data lines extending in a second direction
and formed on the first substrate, wherein the second
direction is perpendicular to the first direction, and the
data lines and gate lines constitute a plurality of pixel
areas arranging in a matrix form;
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a plurality of TFT structures formed in the plurality of
pixel areas respectively;

a plurality of comb-shaped common electrode structures
disposed in the plurality of pixel areas respectively on
the first substrate, wherein each comb-shaped common
electrode structure comprises a common bus line par-
allel to the gate line and at least two common electrodes
extending in the second direction;

a plurality of floating metal patterns disposed in the
plurality of pixel areas respectively on the first sub-
strate, wherein each floating metal pattern comprises at
least one floating metal layer which extends in the
second direction between the two common electrodes
and is patterned on the same plane with the common
electrodes;

a plurality of comb-shaped pixel electrode structures
disposed in the plurality of pixel areas respectively on
the first substrate, wherein each comb-shaped pixel
electrode structure comprises a bar near the gate line
and at least one pixel electrode which extends in the
second direction between the two common electrodes
and covers the floating metal layer; and

a plurality of transparent compensation electrodes dis-
posed in the plurality of pixel areas respectively on the
first substrate, wherein each pixel area comprises at
least two transparent compensation electrodes which
extends in the second direction and covers the two
common electrodes;

wherein, the center of the pixel electrode is aligned to the
center of the floating metal layer, the center of the
transparent compensation electrode is aligned to the
center of the common ¢lectrode, each interval between
the transparent compensation electrode and the pixel
electrode is fixed at a constant, and the width of the
pixel electrode is larger than the width of the floating
metal layer.

16. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 15, wherein the
width of the pixel electrode is more than 0.25 um larger than
the width of the floating metal layer.

17. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 15, further
comprising an insulating layer disposed between the pixel
electrode and the floating metal layer.

18. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 15, wherein the
pixel electrode and the transparent compensation electrode
are made of a transparent conductive material.

19. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 15, wherein the
common electrode and the floating metal layer are made of
a non-transparent conductive material.

20. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 15, wherein the
common ¢lectrode and the floating metal layer are patterned
on the same plane with the common bus line and the gate
line.

21. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 15, wherein the
transparent compensation electrode and the pixel electrode
are patterned on the same plane.
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22. An in-plane switching liquid crystal display with an
alignment free structure, comprising:

a first substrate and a second substrate arranging in
parallel to each other;

a liquid crystal layer formed in a space between first
substrate and the second substrate;

a plurality of gate lines extending in a first direction and
formed on the first substrate;

a plurality of data lines extending in a second direction
and formed on the first substrate, wherein the second
direction is perpendicular to the first direction, and the
data lines and gate lines constitute a plurality of pixel
areas arranging in a matrix form;

a plurality of TFT structures formed in the plurality of
pixel areas respectively;

a plurality of comb-shaped common electrode structures
disposed in the plurality of pixel areas respectively on
the first substrate, wherein each comb-shaped common
electrode structure comprises a common bus line par-
allel to the gate line and at least two common electrodes
extending in the second direction;

a plurality of floating metal patterns disposed in the
plurality of pixel areas respectively on the first sub-
strate, wherein each floating metal pattern comprises at
least one floating metal layer which extends in the
second direction between the two common electrodes
and is patterned on the same plane with the common
clectrodes;

a plurality of comb-shaped pixel electrode structures
disposed in the plurality of pixel areas respectively on
the first substrate, wherein each comb-shaped pixel
electrode structure comprises a bar near the gate line
and at least one pixel electrode which extends in the
second direction between the two common electrodes
and covers the floating metal layer;

a plurality of transparent compensation electrodes dis-
posed in the plurality of pixel areas respectively on the
first substrate, wherein each pixel area comprises at
least two transparent compensation electrodes which
extends in the second direction and covers the two
common clectrodes; and
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a plurality of electrode plates disposed in the plurality of
pixel areas respectively on the first substrate, wherein
each pixel area comprises at one electrode plate which
extends in the first direction and covers the common
bus line without connecting the transparent compensa-
tion electrode and the pixel electrode;

wherein, the center of the pixel electrode is aligned to the
center of the floating metal layer, the center of the
transparent compensation electrode is aligned to the
center of the common electrode, each interval between
the transparent compensation electrode and the pixel
electrode 1s fixed at a constant, and the width of the
pixel electrode is larger than the width of the floating
metal layer.

23. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 22, wherein the
width of the pixel electrode is more than 0.25 um larger than
the width of the floating metal layer.

24. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 22, further
comprising an insulating layer disposed between the pixel
electrode and the floating metal layer.

235. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 22, wherein the
pixel electrode, the transparent compensation electrode and
the electrode plate are made of a transparent conductive
material.

26. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 22, wherein the
common electrode and the floating metal layer are made of
a non-transparent conductive material.

27. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 22, wherein the
common ¢lectrode and the floating metal layer are patterned
on the same plane with the data line.

28. The in-plane switching liquid crystal display with an
alignment free structure as claimed in claim 22, wherein the
electrode plate, the transparent compensation electrode and
the pixel electrode are patterned on the same plane.
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