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1
LIQUID CRYSTAL DISPLAY SHEET

This application claims the benefit of Taiwan application
Serial No. 95129812, filed Aug. 14, 2006, the subject matter
of which is incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The invention relates in general to a liquid crystal display
(LCD) sheet, and more particularly to an LCD sheet capable
of applying polymer stabilization alignment (PSA) technol-
ogy to each of the LCD panels at the same time.

2. Description of the Related Art

With the advance in technology, liquid crystal display
(LCD) panel has been widely applied in various electronic
products such as TV, computer screen, notebook computer,
mobile phone and personal digital assistant (PDA). The poly-
mer-stabilized alignment (PSA) technology for manufactur-
ing the multi-domain alignment type LCD panel is particu-
larly valued due to the features of short response time, wide
view-angle, high aperture ratio, high contrast and simple
manufacturing process.

According to the PSA technology for manufacturing a
display panel, a small amount of reactive monomers are
added to the liquid crystal (LC) layer disposed between the
first substrate and the second substrate, such that the liquid
crystal molecules are mixed with the reactive monomers.
Next, when voltage and ultra-velvet (UV) light are applied
onto the first substrate and the second substrate, the reactive
monomers are separated from the liquid crystal molecules to
form polymers on the surface of the first substrate and the
second substrate. When the polymers on the LC layer are
stacked towards the interface between the first substrate and
the second substrate, the polymers are stacked along the
direction of the liquid crystal molecules direction due to the
interaction between the polymers and the liquid crystal mol-
ecules. Thus, the liquid crystal molecules must have a pre-tilt
angle in a particular direction.

It is noted that according to conventional polymer-stabi-
lized alignment technology, manufacturing process such as
voltage-applying and exposure are applied to each of the LCD
panels respectively after the LCD sheet is divided into a
number of single LCD panels.

SUMMARY OF THE INVENTION

It is therefore an object of the invention to provide a liquid
crystal display (LCD) sheet. According to the LCD sheet of
the invention, the manufacturing costs are reduced, the align-
ment processing can be applied to the LCD sheet directly,
furthermore, the alignment processing can be applied at the
same time with the sealant hardening processing during the
one-drop fill (ODF) manufacturing process so as to shorten
the manufacturing time. Moreover, the invention avoids large
variance existing among the LCD panels of the LCD sheet
caused by the deformation of wave due to the load of the wire
when the voltage is increased during the PSA manufacturing
process of the LCD sheet. Furthermore, the invention avoids
the non-panel region of the LCD sheet having discharge
occurring when the gap between the top substrate and the
bottom substrate is too small. Besides, the LCD sheet of the
invention has a variety of voltage-applying regions, and the
other voltage-applying regions can be used as a back-up when
one of the voltage-applying regions fails to function properly.

The invention achieves the above-identified object by pro-
viding an LCD sheet comprising a first substrate, a second
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substrate and at least a liquid crystal (LC) layer. The second
substrate is disposed in parallel to the first substrate, and
comprises a number of voltage-applying regions, a first input
circuit, a first wire, a second wire, a first panel input pad and
a second panel input pad. Each of the voltage-applying
regions comprises a number of panel regions. The first input
circuit is disposed in each of the voltage-applying regions,
and comprises a first sheet input pad and a second sheet input
pad. The first wire and the second wire are disposed in each of
the voltage-applying regions, and are electrically connected
to the first sheet input pad and the second sheet input pad,
respectively. The first panel input pad and the second panel
input pad are disposed in each of the panel regions, and are
electrically connected to the first wire and the second wire,
respectively. Atleastan LC layer is disposed between the first
substrate and the second substrate and correspondingly posi-
tioned on the panel region.

Other objects, features, and advantages of the invention
will become apparent from the following detailed description
of the preferred but non-limiting embodiments. The follow-
ing description is made with reference to the accompanying
drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A shows a top view of an LCD sheet according to a
first embodiment of the invention;

FIG. 1B shows a cross-sectional view along the cross-
section line A A' of FIG. 1A;

FIG. 1C shows a detailed top view of panel regions of FIG.
1A,

FIG. 1D shows a top view of a repair structure of FIG. 1A,

FIG. 1E shows a cross-sectional view along the cross-
section line BB' of FIG. 1D; and

FIG. 2 shows a top view of an LCD sheet according to a
second embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION
First Embodiment

Referring to FIG. 1A, FIG. 1B and 1C. FIG. 1A shows atop
view of an LCD sheet according to a first embodiment of the
invention. FIG. 1B shows a cross-sectional view along the
cross-section line AA' of FIG. 1A. FIG. 1C shows a detailed
top view of panel regions of FIG. 1A. The liquid crystal
display (LCD) sheet 100 comprises a first substrate 102, a
second substrate 104 and at least a liquid crystal (LC) layer
103. The second substrate 104 is disposed in parallel to the
first substrate 102, and comprises two voltage-applying
regions104a and 1044, two input circuits 108 and 108", four
wires 110a, 1105, 110¢' and 1104' and four panel input pads
112a, 1125, 1124" and 1125".

In the present embodiment of the invention, the voltage-
applying regions 104a and 1044’ of the LCD sheet 100 have
panel regions 106 and 106', respectively. The panel region
106 of the voltage-applying regionl04q is electrically con-
nected via the wires 110a and 1105. The panel region 106' of
the voltage-applying regionl06' is electrically connected via
the wires 110a' and 1108'". The present embodiment of the
invention is exemplified by disposing one input circuit 108 in
the voltage-applying region 104a. The resistances of the wire
1104, 1105, 1104' and 1108 are substantially the same. The
voltages applied via the sheet input pads 108a to panel input
pads in panel regions may be the same.

The input circuit 108 is disposed in the voltage-applying
regions104a and comprises two sheet input pads 108 and
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1085. The wires 110a and 1105 are disposed in the voltage-
applying regionl04a and are electrically connected to the
sheet input pads 1082 and 108, respectively. The panel input
pads 112a and 1125 are disposed in each of the panel regions
106 and are electrically connected to the wires 110a and
1105, respectively. Thus, the panel input pads 112a and 1125
are electrically connected to the sheet input pads 108a and
1085, respectively. In the present embodiment of the inven-
tion, each of the panel regions 106 is exemplified by having
two sets of panel input pads 112a¢ and 1126, however, the
design of two panel input pads 112a and 1125 is also appli-
cable. The LC layer 103 is disposed between the first substrate
102 and the second substrate 104 and correspondingly posi-
tioned in the panel region 106. In another panel region 106,
the LC layer can be disposed between the first substrate 102
and the second substrate 104. The number of the sheet input
pads and the number of the panel input pads are determined
according to actual needs and are not for limiting the present
embodiment of the invention.

The first substrate 102 further comprises a common elec-
trode 1024. The second substrate 104 further comprises a
number of electrode lines 1064, scan lines 1065 and data lines
106¢. The electrode lines 106a are disposed in the panel
region 106 in parallel, and are electrically connected to the
wire 1105. The scan lines 1065 are disposed in the panel
region 106 in parallel, and are parallel to and alternate with
two neighboring electrode lines 106a. The data lines 106¢ are
also disposed in the panel regions 106 in parallel, and are
perpendicular to and crisscross with the electrode lines 106a
and the scan lines 1065. A pixel is defined by any two neigh-
boring scan lines 1065 and any two neighboring data lines
106¢. Each of the pixels comprises a thin-film transistor, a
pixel electrode and a storage capacitor. The three ends of the
thin-film transistor are correspondingly electrically con-
nected to adata line of a pixel edge, a scan line of a pixel edge
and a pixel electrode. In the present embodiment of the inven-
tion, the panel input pad 1125 in the panel region 106 is
electrically connected to the electrode line 1064, wherein the
electrode lines 1064 are an electrode structure of a storage
capacitor, and the panel input pad 112« is electrically con-
nected to the common electrode 102a via the conductive
structure (such as a conductive ball) disposed between the
first substrate 102 and the second substrate 104. That is, the
electrode lines 106¢ is electrically connected to the sheet
input pad 1085, and the common electrode 102a is electri-
cally connected to the sheet input pad 108a.

The LCD sheet 100 further comprises a number of polymer
layers 103a. Before the polymer-stabilized alignment (PSA)
process is applied to the LCD sheet 100 of the present
embodiment of the invention, the LC layer 103 comprises a
monomer (not illustrated) and a number of liquid crystal
molecules 1035. The monomer is mixed with the liquid crys-
tal molecules 1035. Next, a cross-voltage Vx is provided on
the voltage-applying region 104a via the sheet input pads
1084 and 1085 for increasing voltage to the first substrate 102
and the second substrate 104 to rotate the liquid crystal mol-
ecules 103b. After the exposure by ultra-velvet light during
the voltage-applying period, the monomers are polymerized
to form a polymer layer 103a on the surface of the first
substrate 102 and the surface of the second substrate 104 such
that the polymer layer 103a contacts the L.C layer 103 and
provides a pre-tilt angle to the liquid crystal molecules 10354.
There is a sealant 103¢ disposed between the first substrate
102 and the second substrate 104 and around the LC layer 103
for bonding the first substrate 102 and the second substrate
104 together.
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The layoutofthe wires 110a and 1105 is exemplified below
but is not for limiting the technology of the present embodi-
ment of the invention. For example, the wire 110a and 1105
are not interlacing with each other on the same layer or even
by one layer apart to prevent the wires 110a and 1105 from
having short-circuit caused by the particles or fiber alight on
the LCD sheet 100.

The panel region 106 also has a spacer 1164 for enabling
the first substrate 102 and the second substrate 104 to main-
tain a fixed cell gap in the panel region 106. The voltage-
applying region 104a also has a spacer 1165 disposed on the
non-panel region between the panel regions 106 for enabling
the first substrate 102 and the second substrate 104 to main-
tain a cell gap in the non-panel region. Thus, the dielectric
between the common electrode 1024 and the wire 1105 will
not collapse when the cell gap between the common electrode
1024 and the wire 1104 is too close and the resulted electrical
field is too strong. Also, the common electrode 102¢ and the
wire 1105 are prevented from having short-circuits caused by
the particles alight in the non-panel region. In the present
embodiment of the invention, the spacers 116a and 1165 are
comprised of sealant, fiber, silica ball, photo spacer or a
combination thereof.

As for the connection between the voltage-applying region
1044', the panel regions 106', the sheet input pads 108a' and
1085, the panel input pads 1124' and 1125, and the wires
110a' and 1104 is the same with the above disclosed connec-
tion between the voltage-applying region 104a, the panel
region 106, the sheet input pads 108a and 1085, the panel
input pads 1124 and 1125, and the wires 110a and 11056, and
is not repeated here. The design or layout of voltage-applying
regions 104a and 1044' may be the same or different from
each other. For example, the position and number of the panel
region of the voltage-applying regions 104a and 104a', the
layout of the wire, and the position and number of the panel
input pads may be the same or different from each other.

The present embodiment of the invention is exemplified by
dividing the LCD sheet 100 into two voltage-applying
regions 104a and 104a'. However, the LCD sheet 100 of the
present embodiment of the invention divides the voltage-
applying regions with reference to the load of the wires 110q,
1105, 1104 and 1105'". If the length of the wires 110a, 1105,
1104' and 1102 is too long and the load is too large, the LCD
sheet 100 of the present embodiment of the invention may be
divided into more voltage-applying regions, such as three or
more than three voltage-applying regions for example. By
doing so, the load of the wires 112a, 1125, 1124" and 1125' is
reduced, and the voltages applied to the two ends of the LC
layer 103 disposed in the panel regions of each of the voltage-
applying regions are even closer, such that the liquid crystal
molecules 1035 in each LC layer 103 achieve similar align-
ment effect. Thus, the LCD sheet 100 of the present embodi-
ment of the invention can effectively avoid the voltage input-
ted to each of the LC layers 103 having large variance when
the wire load is different and also avoid large variance in the
outcome of the PSA manufacturing process of each LC layer
103.

The second substrate 104 of the present embodiment of the
invention further comprises a repair structure 114. As indi-
cated in FIG. 1A, the repair structure 114 is positioned
between the voltage-applying regions 104a and 104¢'. Refer-
ring to FIG. 1D and FIG. 1E. FIG. 1D shows a top view ofa
repair structure of FIG. 1A. FIG. 1E shows a cross-sectional
view along the cross-section line BB' of FIG. 1D. The repair
structure 114 comprises two conductive layers 114a and 1145
and an insulating layer 114¢. The insulating layer 114¢ covers
the wires 110a and 1105 of the voltage-applying region 104a
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as well as the wires 1104 and 1104’ of the voltage-applying
regions104a'. The conductive layer 114a crosses over and is
disposed on the insulating layer 114¢, and correspondingly
covers the wires 110a and 1104' by one layer apart. The
conductive layer 1145 also crosses over and is disposed on the
insulating layer 114¢, and correspondingly covers the wires
1105 and 1104' by one layer apart.

When any of the input circuits 108 and 108' is damaged or
any of the wires 110a, 1105, 1104' and 1104’ is broken, the
operator can damage the structure of the insulating layer 114¢
by Laser (for example, hollow the structure and then fill the
hole with conductive material) for enabling the conductive
layer 114a to be electrically connected to the wires 110a and
110¢" and enabling the conductive layer 1145 to be electri-
cally connected to the wires 1105 and 110%'. Thus, the non-
damaged input circuit is used to apply voltage to the voltage-
applying region of the damaged input circuit. The present
embodiment of the invention is exemplified by a cross-sec-
tional structure of the repair structure 114 at the conductive
layer 114b. However, the cross-sectional structure of the
repair structure 114 at the conductive layer 114a can be
derived with reference to the cross-sectional structure of the
cross-sectional structure of the repair structure 114 at the
conductive layer 1145.

The present embodiment of the invention is exemplified by
the design that the voltage-applying region 104a comprises
an input circuit 108. However, the voltage-applying region
1044 can comprise two or more input circuits, such that when
one of the input circuits 108 is damaged, the other input
circuit can be used as a backup to apply voltage to the voltage-
applying region 104a. The present embodiment of the inven-
tion is exemplified by the voltage-applying region 104a.
However, the structure and operation of the voltage-applying
regions 1044' can be derived with reference to the structure
and operation of the voltage-applying region 104a. The
present embodiment of the invention is exemplified by the
design of disposing two panel input pads 112a and 1125 on
each panel region 106. However, the number of the panel
input pads disposed on each panel region 106 is not limited to
the number exemplified in the present embodiment of the
invention, and one panel input pad would also do.

According to the LCD sheet of the present embodiment of
the invention, the TFT substrate is divided into a number of
voltage-applying regions, and a repair structure is disposed
between two neighboring voltage-applying regions. Unlike
the conventional PSA manufacturing technology which can
only apply the PSA manufacturing process to an LCD panel
at a time, not only taking longer time but also occupying
larger space in the dust-free room, the PSA manufacturing
process according to the present embodiment of the invention
canbe applied to multiple LCD panels of the LCD sheet at the
same time, hence effectively resolving the problems occur-
ring to the conventional PSA manufacturing technology.
According to the LCD sheet of the invention, the wires do not
interlace with each other and spacers are disposed on the
non-panel region during the PSA manufacturing process, in
other words, spacers are disposed on the non-displaying
regions, such that the PSA manufacturing process can be
applied to multiple LCD panels of the LCD sheet at the same
time. The LCD sheet of the present embodiment of the inven-
tion further has the following advantages: the PSA manufac-
turing process for each of the LC layers has similar results and
achieves better effect, the wire does not go short-circuiting
easily, and when the wire short-circuits or the input circuit is
damaged during the PSA manufacturing process, the PSA
manufacturing process can be resumed by using a repair
structure.
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Second Embodiment

Referring to FIG. 2, a top view of an LCD sheet according
to a second embodiment of the invention is shown. The
present embodiment of the invention differs with the first
embodiment in that the LCD sheet 200 of the present embodi-
ment of the invention further comprises an input circuit 208,
a gate panel input pad 2124, a source panel input pad 2125,
and two wires 210a and 2105. The input circuit 208 comprises
a gate sheet input pad 2084 and a source sheet input pad 2085.
In each panel region 106, the gate panel input pad 212a and
the source panel input pad 2125 are electrically connected to
the wire 210a and the wire 2105 respectively, and are also
electrically connected to the scan lines and the data lines,
respectively. The gate sheet input pad 208a and the source
sheet input pad 2085 are electrically connected to the wire
210a and the wire 2104, respectively. That is, the gate panel
input pad 212a is electrically connected to the gate sheet input
pad 208a via the wire 211a, while the source panel input pad
2125 is electrically connected to the source sheet input pad
208b via the wire 2105.

Thus, when the wires 1082 and 1085 are short-circuited,
the LCD sheet 200 still can apply voltage to the voltage-
applying region 104« via the sheet input pad 2084 and 2085 to
continue the PSA manufacturing process. Therefore, the
LCD sheet 200 of the present embodiment of the invention
effectively resolves the problem occurring during the PSA
manufacturing process ofa conventional LCD sheet when the
wire short-circuits and the PSA manufacturing process has to
stop due to the lack of a backup voltage-applying device.

Inthe present embodiment of the invention, the wires 110a,
1105, 2104 and 2105 interlace by one layer apart, and have a
number of interlacing points one layer apart. For the wires to
interlace with each other by one layer apart, at least an insu-
lating layer is disposed on the interlacing region. Preferably,
the wires are electrically isolated to each other to avoid short-
circuits. The present embodiment of the invention is further
exemplified below by the structure of the wires 1104 and the
wire 210a.

Both the wires 210a and 1104 are formed on the first metal
layer. Normally, the first metal layer is the metal layer which
forms the scan line or the metal layer forms the gate of a
thin-film transistor, while any one of the wires 210a and 110a
forms the second metal layer on the interlacing region. Nor-
mally, the second metal layer is the metal layer which forms
the data line or the metal layer forms the source/drain of a
thin-film transistor. There is an insulating layer disposed
between the first metal layer and the second metal layer for
enabling the first metal layer and the second metal layer to be
electrically isolated and avoiding the short-circuit occurring
between the wires 210a and 110a. The wires 210a and 110a
can be respectively formed on the first metal layer and the
second metal layer to avoid short-circuits occurring between
the wires 210a and 110a. The present embodiment of the
invention is exemplified by the structure of the interlacing
region of the wires 210a and 110a. However, the structure of
any two wires of the wires 210a, 2105, 110a and 1105 can be
derived with reference to the structure of the wires 210a and
211a.

According to the LCD sheet of the present embodiment of
the invention, the second substrate is divided into anumber of
voltage-applying regions, and two sets of voltage input cir-
cuits and wires are disposed in each of the voltage-applying
regions, such that when any of the two sets of voltage-apply-
ing circuits or wires is broken, the other set of voltage-apply-
ing circuit and wire is used as a backup to resume the PSA
manufacturing process of the LCD sheet. Unlike the conven-
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tional PSA manufacturing technology which can only apply
the PSA manufacturing process to an LCD panel at a time, not
only taking longer time but also occupying larger space in the
dust-free room, the PSA manufacturing process according to
the present embodiment of the invention can be applied to
multiple LCD panels of the LCD sheet at the same time,
hence effectively resolving the problems occurring to the
conventional PSA manufacturing technology. According to
the LCD sheet of the invention, the wires do not interlace with
each other and spacers are disposed on the non-panel region
during the PSA manufacturing process, such that the PSA
manufacturing process can be applied to multiple LCD panels
of the LCD sheet at the same time. The LCD sheet of the
present embodiment of the invention further has the following
advantages: the PSA manufacturing process for each of the
LC layers has similar results and achieves better effect, the
wire does not go short-circuiting easily, and when the wire
short-circuits during the PSA manufacturing process, the
PSA manufacturing process can be resumed by using other
wires as a backup.

While the invention has been described by way of example
and in terms of a preferred embodiment, it is to be understood
that the invention is not limited thereto. On the contrary, it is
intended to cover various modifications and similar arrange-
ments and procedures, and the scope of the appended claims
therefore should be accorded the broadest interpretation so as
to encompass all such modifications and similar arrange-
ments and procedures.

What is claimed is:

1. A liquid crystal display (LCD) sheet, comprising:

a first substrate;

a second substrate, having a plurality of voltage-applying
regions each comprising a plurality of panel regions,
comprising;

a first input circuit comprising a first sheet input pad and
a second sheet input pad,

a first wire disposed in one of the voltage-applying
regions and electrically connected to the first sheet
input pad;

a second wire disposed in the one of the voltage-apply-
ing regions and electrically connected to the second
sheet input pad,

a first panel input pad disposed in one of the panel
regions and electrically connected to the first wire;
and

asecond panel input pad disposed in the one of the panel
regions and electrically connected to the second wire;
and

a liquid crystal (LC) layer disposed between the first and
the second substrates.

2. The LCD sheet according to claim 1, wherein the first

substrate comprises:

a common electrode electrically connected to the first
panel input pad.

3. The LCD sheet according to claim 1, wherein the second

substrate further comprises:

aplurality of electrode lines disposed in each of the panel
regions and electrically connected to the second panel
input pad.
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4. The LCD sheet according to claim 1, further comprising:

a plurality of polymers disposed on at least one of the first
and the second substrates and positioned in the L.C layer.

5. The LCD sheet according to claim 1, wherein the volt-
age-applying regions comprise a first voltage-applying
region and a second voltage-applying region, the second sub-
strate further comprising:

a repair structure, disposed between the first voltage-ap-
plying region and the second voltage-applying region,
comprising:
an insulating layer covering a portion of the first wire

and a portion of the second wire in the first voltage-
applying region and a portion of the first wire and a
portion of the second wire in the second voltage-
applying region;

a first conductive layer disposed on the insulating layer
and over the first wire in the first voltage-applying
region and the first wire in the second voltage-apply-
ing region; and

a second conductive layer disposed on the insulating
layer and over the second wire in the first voltage-
applying region and the second wire in the second
voltage-applying region.

6. The LCD sheet according to claim 1, wherein the second
substrate further comprises:

a second input circuit disposed in another one of the volt-
age-applying regions and comprising a third sheet input
pad and a fourth sheet input pad, wherein the third sheet
input pad and the fourth sheet input pad are electrically
connected to the first wire and the second wire, respec-
tively.

7. The LCD sheet according to claim 1, wherein the first
wire and the second wire areelectrically isolated to each other
without interlacing with each other on the same or by one
layer apart.

8. The LCD sheet according to claim 1, wherein the second
substrate further comprises:

a plurality of scan lines and data lines disposed in each of

the panel regions;

a gate panel input pad and a source panel input pad dis-
posed on each of the panel regions and electrically con-
nected to the scan lines and the data lines, respectively;

a third input circuit comprising a gate sheet input pad and
a source sheet input pad,

a third wire disposed electrically connected to the gate
sheet input pad and the gate panel input pad; and

a fourth wire electrically connected to the source sheet
input pad and the source panel input pad.

9. The LCD sheet according to claim 1, further comprising:

a plurality of spacers disposed between the first substrate
and the second substrate.

10. The LCD sheet according to claim 9, wherein the
spacer is comprised of sealant, fiber, silica ball, photo spacer
or a combination thereof.

11. The LCD sheet according to claim 1, wherein a resis-
tance of the first wire is substantially equal to that of the
second wire.
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