US 20070046845A1

a2y Patent Application Publication () Pub. No.: US 2007/0046845 A1

a9y United States

Liou et al.

43) Pub. Date: Mar. 1, 2007

(54) LIQUID CRYSTAL DISPLAY PANEL WITH
ELECTROSTATIC DISCHARGE
PROTECTION

(75) Inventors: Meng-Chi Liou, Taoyuan City (TW);
Fu-Yuan Shiau, Chiayi City (TW);
Kuang-Hsiang Lin, Taoyuan Hsien
(TW); Yung-Hui Chang, Chu Pei City
(TW)

Correspondence Address:

BIRCH STEWART KOLASCH & BIRCH
PO BOX 747

FALLS CHURCH, VA 22040-0747 (US)

(73) Assignee: Chunghwa Picture Tubes., Ltd, Taipei
(TW)
(21) Appl. No.: 11/213,820

(22) Filed:

Aug. 30, 2005

Publication Classification

(51) Int. CL

GO2F  1/1333 (2006.01)
(52) US.CL .. SO ¥ V2 1|
(57) ABSTRACT

A liquid crystal display with electrostatic discharge protec-
tion includes an inner short-ring which surrounds the display
region and an outer short-ring which surrounds the inner
short-ring, wherein the inner short-ring and the outer short-
ring are both located near the panel edge. The inner short-
ring is connected with the display region indirectly, and the
outer short-ring is electrically connected with the display
region and the inner short-ring at the same time. The inner
short-ring is electrically connected with the display region
through the outer short-ring, and the inner short-ring can
serve as a repair line after edge grinding the panel.
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LIQUID CRYSTAL DISPLAY PANEL WITH
ELECTROSTATIC DISCHARGE PROTECTION

FIELD OF THE INVENTION

[0001] The present invention relates to a liquid crystal
display (LCD), and more particularly, relates to an LCD
panel with electrostatic discharge protection.

BACKGROUND OF THE INVENTION

[0002] Typically, static electricity may be generated dur-
ing the process of manufacturing an LCD panel driven by a
thin-film transistor (TFT), such as during chemical vapor
deposition (CVD), sputtering, dry etching, or the steps that
utilize electronic plasma. In addition, static electricity may
be introduced from the external environment during pack-
aging or delivery.

[0003] Since the use of insulation glass as the substrate of
an LCD panel restricts the removal of static electricity, the
static electricity generated by the manufacturing process
accumulates in the LCD panel to cause high potential
difference between the LCD panel and the TFT. When the
accumulated static electricity is discharged, an instantaneous
current with high voltage can affect the function of the TFT
and can even cause permanent damage. Therefore, elimi-
nating electrostatic discharge form the LCD panel is an
important aspect for increasing the manufacturing yield
during the manufacturing process.

[0004] In the past, applying a static eliminator and devel-
oping the process steps have been applied to eliminate static
electricity. However, these methods cannot eliminate static
electricity completely to resolve the problems aforemen-
tioned.

[0005] Currently, an electrostatic discharge protection
device is provided which serves as a short-ring circuit set
around the active displaying area of a LCD panel. The
short-ring circuit can direct the static electricity accumulated
in the LCD panel out to protect the electrical devices from
being damaged.

[0006] However, electromagnetic interference (EMI) gen-
erated by the short-ring circuit can interfere with the signals
of the LCD panel. It has been found that the lower the
resistance of the short-ring circuit, the more effectively the
short-ring circuit can disperse static electricity. However, in
this condition, the short-ring circuit generates EMI more
easily. So, the use of such a short-ring circuit is rather
limited.

SUMMARY OF THE INVENTION

[0007] Therefore, it is desirable to provide an electrostatic
discharge protection device that can protect the LCD panel
from electrostatic discharge more effectively.

[0008] One aspect of the present invention is to provide an
LCD panel with electrostatic discharge protection and hav-
ing repairing lines for a laser repairing process, wherein the
repairing lines are integrated with electrostatic discharge
protection circuits to reduce the routing layout routed
thereon. The electrostatic discharge protection circuits can
be removed after the main frame of the LCD panel is
obtained. Thus, the static electricity accumulated on the
LCD panel can be dispersed out by the electrostatic dis-
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charge protection circuits; at the same time, the impact from
the EMI generated by the electrostatic discharge protection
circuits can be minimized.

[0009] In accordance with the aspect of the present inven-
tion, an LCD panel with electrostatic discharge protection is
provided. At least two short-ring circuits are used to protect
the electrical devices within the display area of the LED
panel from electrostatic discharge. The short-ring circuits
adjacent to the display area, named inner short-rings, are
designed to not electrically connect to the display area
directly. The short-ring circuits adjacent to the edge of the
LCD panel, named outer short-rings, are used to electrically
connect the inner protection circuits with the display area.
After an edge grinding process is conducted on the LCD
panel, the outer short-rings are removed to disconnect the
inner short-rings from the display area. And then the remain-
ing inner short-rings can be used as repairing lines for
repairing the defects occurring on the display area.

[0010] In a present embodiment of the present invention,
the electrostatic discharge protection device having at least
two short-ring panels surrounding the display area is settled
adjacent to the edge of an LCD panel, wherein the short-
rings comprise an inner short-ring and an outer short-ring.
The inner short-ring adjacent to and surrounding the edge of
the display area intersects with the scan lines and data lines
crisscrossing in the display area, wherein the inner short-
ring circuit, the scan lines and the data lines are not coplanar
with each other, and are apart from one another, so each of
the same is not electrically connected to each other.

[0011] The outer short-ring adjacent to the edge of the
LCD panel and surrounding the inner short-ring electrically
connects the inner short-ring with the data lines and the scan
lines to form a short circuit. Static electricity accumulated in
the LCD panel during the manufacturing process thereof can
be led to and dispersed on the inner short-ring and the outer
short-ring via the short circuit.

[0012] After the main frame of the LCD panel is obtained,
the outer short-ring is then removed by an edge grinding
process conducted thereon to disconnect the inner short-ring
from the data lines and the scan lines. Then, the remaining
inner short-ring can serve as a repairing line for repairing the
defects occurring on the data lines and the scan lines via a
laser repairing process.

[0013] In the present embodiment, the outer short-ring
electrically connects to the data lines and the scan lines via
contacts formed through thereof. And the LCD panel further
comprises a plurality of guards used to protect the LCD
panel from EMI generated by these short-rings. The guards
settled on the routes electrically connect the outer short-ring
with the display area. The guards can be removed by the
edge grinding process used to remove the outer short-ring.

[0014] Accordingly, the short-rings not only provide addi-
tional routes for dispersing static electricity, but also serve as
repairing lines for repairing the defects that occur on the data
lines and the scan lines after the edge grinding process for
removing the outer short-rings. In other words, the present
LCD panel integrates additional static electricity-dispersing
lines with repairing lines on an LCD panel to enhance the
dispersion of static electricity without occupying any routing
space.

[0015] Therefore, the present LCD panel not only pro-
vides electrostatic discharge protection more effectively, but
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also provides laser-repairing functionality without utilizing
any additional routing to affect the display quality of the
same.

BRIEF DESCRIPTION OF THE DRAWINGS

[0016] The foregoing aspects and many of the attendant
advantages of this invention will become more readily
appreciated as the same becomes better understood by
reference to the following detailed description, when taken
in conjunction with the accompanying drawing, wherein:

[0017] FIG. 1 is a vertical view illustrating the pixel array
of an LCD panel, in accordance with the first preferred
embodiment of the present invention.

[0018] FIG. 2 is the vertical view of the LCD panel after
an edge grinding process is conducted thereon, in accor-
dance with FIG. 1.

[0019] FIG. 3 is a partial perspective view illustrating the
structure of the short-rings, in accordance with the first
preferred embodiment of the present invention.

[0020] FIG. 4 is a vertical view illustrating the pixel array
of an LCD panel, in accordance with the second preferred
embodiment of the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT

[0021] One aspect of the present invention is to provide an
LCD panel having the function of electrostatic discharge
protection, wherein a plurality of short-rings are settled
adjacent to the edge thereof for enhancing the dispersion of
static electricity from the same more effectively. Parts of the
short-rings are designed to electrically connect to the display
area of the LCD panel directly, and the others are not. In
addition, guards are set on the short-rings for protecting the
LCD panel from the EMI generated by the short-rings. Then,
the short-rings connected to the display area directly and the
guards can be removed by an edge grinding process.

[0022] The foregoing aspects and many of the attendant
advantages of this invention will be described in detail by
reference to the following embodiments.

Embodiment 1

[0023] In the first preferred embodiment, an LCD panel
with electrostatic discharge protection is provided.

[0024] FIG. 1 is a vertical view illustrating the pixel array
of an LCD panel, in accordance with the first preferred
embodiment of the present invention.

[0025] The display area 110 located in the LCD panel 100
has a pixel array, wherein data lines 102 and scan lines 104
intersecting in the display area 110 are used to control the
TFT 101 of the LCD panel 100 for turning on or turning off
each pixel of the pixel array. Two short circuits used for
protecting the display area 110 from electrostatic discharge
are formed surrounding thereof. The short circuit adjacent to
the edge of the display area 110 is named the inner short-ring
106, and the short circuit adjacent to the edge of the LCD
panel 100 is named the outer short-ring 108.

[0026] The inner short-ring 106 is designed as a circuit
electrically connecting to the outer short-ring 108, but not
connecting to the display area 110 directly. The inner
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short-ring 106 intersects with the scan lines 104 and data
lines 102 cross-routed in the display area 110. Since the
inner short-ring 106, the scan lines 104 and the data lines
102 are not coplanar with each other; the inner short-ring
106 does not electrically connect to the scan lines 104 and
data lines 102 directly. The outer short-ring 108 is designed
as a circuit that electrically connects the data lines 102 and
the scan lines 104 to form a short circuit that connects the
display area 110 with the inner short-ring 106.

[0027] In addition, a plurality of guards 109 are installed
between the inner short-ring 106 and the outer short-ring
108 used to protect the signals transferring within the
routing of the LCD panel 100 from the EMI generated by
these short-rings. Each guard 109 electrically connected
with the outer short-ring 108 consists of two TFT devices.

[0028] Since the outer short-ring 108 connects the inner
short-ring 106 with the data lines 102 and the scan line 108,
static electricity accumulated in the display area 110 can be
dispersed on the outer short-ring 108 and the inner short-ring
106 via the data lines 102 and the scan line 108.

[0029] When the main frame of the LCD panel 100 is
obtained, the outer short-ring 108 and the guards 109 are
then removed by an edge grinding process conducted
thereon, wherein the inner short-rings 106 surrounding
thereof is left remaining.

[0030] FIG. 2 is the vertical view of the LCD panel after
an edge grinding process is conducted thereon, in accor-
dance with FIG. 1. Since the inner short-rings 106 discon-
nect with the display area 110 via the outer short-ring 108,
after the inner outer short-ring 108 is removed, the inner
short-ring 106 is disconnected from the display area 110.
Therefore, the inner short-ring 106 cannot disperse static
electricity from the display area 110 any more. Alternatively,
the inner short-ring 106 serves as a repairing line to repair
the defects that occur in the display area 110.

[0031] Referring to FIG. 2, when a defect 201, such as an
open occurs on the data line 202, a laser repairing process
can be conducted on the intersections of the inner short-ring
106 and the data line 202 (such as intersections 203 and 205)
to connect the data line 202 with the inner short-ring 106;
subsequently, the inner short-ring 106 is burned out on the
position 207 and 209 by a laser. Thus, the disconnected data
line 202 is reconnected via the inner short-ring 106.

[0032] Accordingly, the signals originally transferred by
the data line 202 can be transferred via the repaired line in
spite of the defect 201 occurring on the data line 202.
Similarly, the inner short-ring 106 can be used to repair any
defects occurring on the scan line 204 by a laser process.

[0033] FIG. 3 is a partial perspective view illustrating the
structure of the short-rings, in accordance with the first
preferred embodiment of the present invention. In the
present embodiment, the outer short-ring 308 consists of
multiple layers of metal. For example, the outer short-ring
308 consists of the gate metal layer 311, the source/drain
metal layer 312 and the pixel electrode metal layer 314,
wherein the three layers are not coplanar. The source/drain
metal layer 312 is formed on the gate metal layer 311, and
the pixel electrode metal layer 314 is formed on the source/
drain metal layer 312, wherein the gate metal layer 311, the
source/drain metal layer 312, and the pixel electrode metal
layer 314 are electrically connected with each other via
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contacts 320 formed through thereof. Thus, the outer short-
ring 308 provides additional routes for dispersing the static
electricity accumulated in the display area.

[0034] The inner short-ring 306 is a circuit formed of a
single metal layer. For example, the inner short-ring 306 is
formed of the source/drain metal layer 312 identified in a
circular shape.

[0035] The guard 309, illustrated by the elliptical dotted
line, consists of two TFTs. Since the outer short-ring 308
connected with the data lines and the scan lines can generate
EM]I, the guard 309 is used to protect the LCD panel from
EMI that can interfere with the quality control (QC) test
signals during the manufacturing process. The gate metal
layer 311 connects the guard 309 with the data lines and the
scan lines of the display area. The source/drain metal layer
312 that serves as some parts of the inner short-ring 306, the
outer short-ring 308, and the guard 309 connects with the
display area.

[0036] Accordingly, the outer short-ring 308, the inner
short-ring 306 and the guard 309 comprises a short circuit.
Static electricity accumulated in the display area can be
dispersed on the outer short-ring 308 and the inner short-ring
306 to reduce the impact of electrostatic discharge more
effectively.

[0037] After the main frame of the LCD panel is obtained,
the outer short-ring 308 and guard 309 are then removed by
an edge grinding process conducted thereon to disconnect
the short circuit, leaving the inner short-ring 306 to remain.
The remaining inner short-ring 306 can serve as a repairing
line for repairing the defects occurring on the display area.

[0038] Except for having only one inner short-ring, in
some embodiments of the present invention, the LCD panel
can further have two or more inner short-rings connected
with the outer short-ring to enhance the dispersion of static
electricity.

[0039] According to the first preferred embodiment, the
feature of the present invention is to add additional short-
rings for enhancing the effectiveness of static electricity
dispersion, reducing the impact of electrostatic discharge
more effectively.

[0040] Furthermore, the redundant short-rings can be
removed by an edge grinding process after the mainframe of
the LCD panel is obtained, wherein the remaining short-
rings serve as repairing lines to provide a laser repairing
function.

[0041] Therefore, the LCD panel of the present provides
both functions of developed electrostatic discharge protec-
tion and laser repairing without occupying any additional
space thereof.

Embodiment 2

[0042] Inthe second preferred embodiment, an LCD panel
with electrostatic discharge protection is provided, wherein
three short-rings are applied for enhancing the dispersion of
static electricity and providing repairing lines for laser
repair.

[0043] FIG. 4 is a vertical view illustrating the pixel array
of an LCD panel, in accordance with the second preferred
embodiment of the present invention.

[0044] Similar to the structure shown in FIG. 1, the
display area 410 located in the LCD panel 400 has a pixel
array, wherein data lines 402 and scan lines 404 intersecting
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in the display area 410 are used to control the pixel array.
Three short circuits used for protecting the display area 410
from electrostatic discharge are formed surrounding the
display area 410. The short circuit adjacent to the edge of the
display area 410 is named the inner short-ring 406, the short
circuit adjacent to the edge of the LCD panel 400 is named
the outer short-ring 408, and the short circuit located
between the inner short-ring 406 and the outer short-ring
408 is named the inner short-ring 407. Wherein the outer
short-ring 408 electrically connects to the data lines 402 and
the scan lines 404, the inner short-rings 406 and 407 do not
electrically connect to the display area 410 directly.

[0045] In addition, a plurality of guards 409 is installed
between the inner short-ring 406 and the outer short-ring
408 used for protecting the LCD panel 400 from the EMI
generated by these short-rings. For example, each guard 409
consists of two TFT devices that electrically connect the
outer short-ring 408 and the display area 410 respectively
used for protecting the signals transferring within the data
lines 402 and the scan lines 404 of the LCD panel 400 from
the EMI generated by these short-rings.

[0046] The inner short-ring 406 and 407 that are not
connected with each other electrically connect to the outer
short-ring 408 respectively.

[0047] Therefore, the inner short-rings 406 and 407 and
the outer short-ring 408 form a short-circuited additional
route for dispersing static electricity. Static electricity accu-
mulated in the display area 400 can be dispersed on the outer
short-ring 408 and the inner short-rings 406 and 407.

[0048] When the main frame of the LCD panel is obtained,
the outer short-ring 408 and guards 409 are then removed by
an edge grinding process conducted thereon to disconnect
the remained inner short-rings 406 and 407 from the display
area 410.

[0049] Then the remaining inner short-rings 406 and 407
can serve as repairing lines used to repair the defects
occurring on the display area 410 by a laser process.

[0050] In the present embodiment, the outer short-ring 408
consists of multiple layers of metal. For example, the outer
short-ring 408 consists of a gate metal layer, a source/drain
metal layer and a pixel electrode metal layer, wherein the
three layers are not coplanar and connect to each other via
contacts formed through thereof. The inner short-ring 406 is
formed of the source/drain metal layer, and the inner short-
ring 407 is formed of the pixel electrode metal layer.

[0051] Accordingly, the feature of the present second
preferred embodiment is to add additional short-rings for
enhancing the effectiveness of static electricity dispersion
and for reducing the impact of electrostatic discharge more
effectively.

[0052] Furthermore the redundant short-rings can be
removed by an edge grinding process after the mainframe of
the LCD panel is obtained, and the remaining short-rings
serve as repairing lines for a laser repairing functionality.

[0053] Therefore, the LCD panel of the present provides
both functions of developed electrostatic discharge protec-
tion and laser repairing without occupying any additional
space thereof.

[0054] According to the embodiments aforementioned, an
LCD panel with high reliability is provided, wherein elec-
trostatic discharge protection circuits are integrated into
repairing lines without occupying any additional space
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thereof to enhance the effectiveness of static electricity
dispersion and reduce the impact of electrostatic discharge
more effectively. The use of the present invention can
increase the yield and reliability of the LCD panel without
changing any layout thereof.

[0055] As is understood by a person skilled in the art, the
foregoing preferred embodiments of the present invention
are illustrated of the present invention rather than limiting of
the present invention. It is intended to cover various modi-
fications and similar arrangements included within the spirit
and scope of the appended claims, the scope of which should
be accorded the broadest interpretation so as to encompass
all such modifications and similar structure.

What is claimed is:
1. An LCD panel with electrostatic discharge protection,
comprising:

a display area;

an inner short-ring circuit, adjacent to and surrounding the
edge of the display area, wherein the inner short-ring
circuit is electrically connected to the display area
indirectly; and

an outer short-ring circuit, adjacent to the edge of the
LCD panel and surrounding the inner short-ring circuit,
electrically connecting the inner short-ring circuit with
the display area, whereby the static electricity accumu-
lated in the display area is dispersed on the inner
short-ring circuit and the outer short-ring circuit.

2. The LCD panel with electrostatic discharge protection
in accordance with claim 1, wherein the display area is a
pixel array in which the pixels are driven by a plurality of
thin film transistors (TFT).

3. The LCD panel with electrostatic discharge protection
in accordance with claim 1, wherein the inner short-ring
circuit is intersected with scan lines and data lines routed in
the display area, wherein the inner short-ring circuit, the
scan lines and the data lines are not coplanar with each other,
and each of the same is apart from one another.

4. The LCD panel with electrostatic discharge protection
in accordance with claim 1, wherein the inner short-ring
circuit is a ring-shaped short circuit consisting of at least one
metal conductive layer.

5. The LCD panel with electrostatic discharge protection
in accordance with claim 1, wherein the outer short-ring
circuit is electrically connected to the display area via the
data lines and the scan lines.

6. The LCD panel with electrostatic discharge protection
in accordance with claim 1, wherein the outer short-ring
circuit is a ring-shaped short circuit consisting of one or a
plurality of metal conductive layers.

7. The LCD panel with electrostatic discharge protection
in accordance with claim 6, wherein each of the metal
conductive layers connects with each other via contacts
formed through thereof.

8. The LCD panel with electrostatic discharge protection
in accordance with claim 1, wherein the outer short-ring
circuit is removed by an edge grinding process conducted
thereon to disconnect the inner short-ring circuit from the
display area.

9. The LCD panel with electrostatic discharge protection
in accordance with claim 8, whereby the inner short-ring
circuit serves as a repairing line used to repair by a laser
process the defects occurring on the display area.
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10. The LCD panel with electrostatic discharge protection
in accordance with claim 1, further comprising a plurality of
guards used to protect the signals transferring within the
routing of the LCD panel from EMI.

11. The LCD panel with electrostatic discharge protection
in accordance with claim 10, wherein each of the guards is
settled on a connecting route that electrically connects the
outer short-ring circuit with the display area.

12. The LCD panel with electrostatic discharge protection
in accordance with claim 11, wherein the connecting route
is the data lines or the scan lines.

13. The LCD panel with electrostatic discharge protection
in accordance with claim 10, wherein each of the guards
comprises a plurality of TFTs.

14. The LCD panel with electrostatic discharge protection
in accordance with claim 10, wherein the guards are
removed by the edge grinding process to disconnect the
inner short-ring circuit from the display area.

15. A LCD panel with electrostatic discharge protection,
comprising;

a display area;

an inner short-ring circuit, adjacent to and surrounding the
edge of the display area, that electrically is connected
to the display area indirectly and intersected with scan
lines and data lines routing in the display area, wherein
the inner short-ring circuit, the scan lines and the data
lines are not coplanar with each other, and are apart
from one another;

an outer short-ring circuit, adjacent to the edge of the
LCD panel, surrounding the inner short-ring circuit,
and electrically connecting the inner short-ring circuit
with the display area; and

a plurality of guards settled on a connecting route and
electrically connecting the outer short-ring circuit with
the inner short-ring circuit, used to protect the signals
transferring within the routing of the LCD panel from
EMI, whereby the static electricity accumulated in the
display area is dispersed on the inner short-ring circuit
and the outer short-ring circuit.

16. The LCD panel with electrostatic discharge protection
in accordance with claim 15, wherein the inner short-ring
circuit is a ring-shaped short circuit consisting of at least one
metal conductive layer.

17. The LCD panel with electrostatic discharge protection
in accordance with claim 15, wherein the outer short-ring
circuit is electrically connected to the data lines and the scan
lines.

18. The LCD panel with electrostatic discharge protection
in accordance with claim 15, wherein the outer short-ring
circuit is a ring-shaped short circuit consisting of one or a
plurality of metal conductive layers.

19. The LCD panel with electrostatic discharge protection
in accordance with claim 18, wherein each of the metal
conductive layers connects with each other via contacts
formed through thereof.

20. The LCD panel with electrostatic discharge protection
in accordance with claim 15, wherein each of the guards
comprises a plurality of TFTs
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