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7) ABSTRACT

An electrostatic damage preventing apparatus for a thin film
transistor array of a liquid crystal display includes a hori-
zontal ground voltage line disposed at a first perimeter
portion of the thin film transistor array, a vertical ground
voltage line disposed at a second perimeter portion of the
thin film transistor array, and a first electrostatic damage-
preventing switching device group including parallel con-
nection of at least two electrostatic damage-preventing
switching devices to divide and divert an electrostatic volt-
age applied over the horizontal ground voltage line.

22 Claims, 2 Drawing Sheets

H
@ ]/ ] ] 24b
Vecom_—_3 9 17 23c 5
| I [ -
l f[‘;{—:—:-“ i Fower ettt i _“'4 i
g B s T T e 4
; amg @ s [y by | 2
T T T flpjj .
vg2~—H : T T B N /
@ P P 7
(| T T T | Al
ng‘@ : T T 1 I EJ
________ @ |
= S S |
u_ ] o P_’
Vgl ~—-

Vocom T}



US 6,690,433 B2

Sheet 1 of 2

Feb. 10, 2004

U.S. Patent

[} WOOA
[ et 9 @)
mﬁl_vlm_”_.— —_—— . — — e —_——— — — ]ﬂ/\_
SR T R R =ty N
| 4 4 L 4l ot
| +- + 1 m ml.r.U/\mg
_ [ i
|+ L 1 | | oz
_¢ﬂ|_[—l ip|-l \—11_]_.1_
“ + + + _ i T@JIU(NQ
[RSAEE N
_ + e %W.MML_ L T_|J|t~\(_a>

E8>E 1HY T¥NOILNIANOD

1914



US 6,690,433 B2

Sheet 2 of 2

Feb. 10, 2004

U.S. Patent

9]

3

—— woop
ar- — 3~ OA
@ R = -
P 4 S B! |
= __ I 1 “ @D(mg
£ r_wﬂ_Lm “ W_LL +JL1 RAU_Ll“ ﬁuwu =
/ | T T T ||  ———2ON
gl b _ _
2 FR R R ¥ A
N N e u S ol s of I oo on
i e e TR AT TR T
N asdlefoes s | [ | kv ﬂ}rh L —1—~I1BA
" ees — I VAP | =
v Pt w me wﬂ E :mm m\r_ ._\.FLAIM_.T T woop



US 6,690,433 B2

1

ELECTROSTATIC DAMAGE PREVENTING
APPARATUS FOR LIQUID CRYSTAL
DISPLAY

The present invention claims the benefit of Korean Patent
Application No. P2000-45942 filed in Korea on Aug. 8,
2000, which is hereby incorporated by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a liquid crystal display
device, and more particularly, to an electrostatic damage
preventing apparatus for a liquid crystal display.

2. Description of the Related Art

Generally, a liquid crystal display (LCD) controls light
transmissivity of liquid crystal cells in response to a video
signal, thereby displaying an image. An active matrix LCD
provided with a switching device for each liquid crystal cell
is suitable for displaying moving images. A thin film tran-
sistor (TFT) is generally used as the switching device.

An active matrix LCD displays images corresponding to
input video signals. Each pixel of the active matrix LCD
includes a liquid crystal cell that controls the quantity of
transmitted light according to a data signal voltage level
input from the data line. A TFT is arranged at each inter-
section between gate lines and data lines. The data line will
switch a data signal delivered to the liquid crystal cell in
response to a scanning signal (i.e., a gate signal) from the
gate line.

In an active matrix LCD as shown in FIG. 1, an electro-
static damage preventing apparatus, hereinafter referred
briefly to as “ESD preventing apparatus,” for protecting a
liquid crystal display panel from static electricity produced
during the cutting of the substrate is provided at the liquid
crystal display panel.

Referring to FIG. 1, the conventional ESD preventing
apparatus includes a plurality of switching devices for ESD
prevention that are provided on a TFT array 13 of a liquid
crystal display panel 1. The TFT array 13 has liquid crystal
cells that respond to an electric field in order to control a
quantity of transmitted light and thin film transistors (TFT’s)
4 that respond to gate signals on gate lines 2 to selectively
connect data lines 3 to liquid crystal cells 5. The ends of the
gate line 2 and the data line 3 are provided with pads 8 and
9, respectively. The pad 8 provided at the end of the gate line
2 receives a gate signal from a gate driver (not shown) while
the pad 9 provided at the end of the data line 4 receives a
data signal from a data driver (not shown).

The ESD preventing apparatus further includes a ground
voltage line 16 provided at an outer side of the liquid crystal
display panel 1, a horizontal ground voltage line 17 that
extends from the ground voltage line 16 in parallel to the
TFT array 13, and a vertical ground voltage line 18 that is
perpendicular to the TFT array 13. A first ESD-preventing
switching device 10 is connected between the ground volt-
age line 16 and the horizontal ground voltage line 17,
thereby preventing an electrostatic discharge voltage gener-
ated from pad 6 from being delivered into a fifth ESD-
preventing switching device group 15 over the ground
voltage line 16.

A second ESD-preventing switching device group 14 has
two parallel switching devices connected between the
ground voltage line 16 and the vertical ground voltage line
18, thereby diverting an electrostatic discharge voltage
applied over the vertical ground voltage line 18.
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A third ESD-preventing switching device group 19 is
connected between the gate line 2 and the vertical ground
voltage line 18, thereby diverting an electrostatic voltage by
the second ESD-preventing switching device group 14 to
prevent the electrostatic voltage from being directly applied
to the TFT array 13.

A fourth ESD-preventing switching device group 20 is
connected between the gate pad 8 and the gate line 2, thereby
diverting an electrostatic voltage on the gate line 2 to prevent
the electrostatic voltage from the gate pad 8 from being
directly applied to the TFT array 13.

A fifth ESD-preventing switching device group 15 is
connected between the horizontal ground voltage line 17 and
the TFT array 13, thereby allowing a voltage on the hori-
zontal ground voltage line 17 to be approximately equal to
a voltage on the data line 3.

A sixth ESD-preventing switching device group 22 is
connected between a low gate voltage line 7 and the gate line
2, thereby allowing a voltage on the gate line 2 to be diverted
by the fourth ESD-preventing switching device group 20 to
be approximately equal to a voltage on the low gate voltage
line 7.

A seventh ESD-preventing switching device group 21 is
connected between a common voltage pad Vecom and the
horizontal ground voltage line 17, thereby diverting an
electrostatic voltage applied via the common voltage pad
Veom.

In FIG. 1, the first to seventh ESD-preventing switching
device groups 10, 14, 19, 20, 15, 22 and 21 prevent damage
to the TFT array 13 caused by an electrostatic voltage
applied, via the ground voltage line 16, to the gate line 2 or
the data line 3. Accordingly, the first ESD-preventing
switching device 10 includes first and second TFT’s 11 and
12 each having drain electrodes 11a and 124 and gate
electrodes 11b and 125 respectively connected to each other.
A source electrode 11c of the first TFT 11 and the drain
electrode 12a of the second TFT 12 are connected to the
horizontal ground voltage line 17, and the drain electrode
11a of the first TFT 11 and a source electrode 12¢ of the
second TFT 12 are connected to the horizontal voltage line
17 that is disposed perpendicular to the ground voltage line
16.

Meanwhile, the second, third, fourth and sixth ESD-
preventing switching devices 14, 19, 20 and 22 have similar
configurations to provide the similar functions.

The conventional ESD preventing apparatus for the LCD
has problematic in that, if excessive static electricity is
supplied to the pad 6, insulation breakage of the first
ESD-preventing switching device 10 occurs. Similarly, if an
excessive electrostatic voltage is applied to the seventh
ESD-preventing switching device 21 that is connected in
series between the common voltage pad Vcom and the
horizontal ground voltage line 17, insulation breakdown of
the seventh ESD-preventing switching device 21 may occur.
Accordingly, if the first and seventh ESD-preventing switch-
ing devices 10 and 21 undergo insulation breakage, then a
large electrostatic voltage is applied to the TFT array 13,
thereby causing insulation breakage of the TFT 4.

SUMMARY OF THE INVENTION

Accordingly, the present invention is directed to an elec-
trostatic damage preventing apparatus that substantially
obviates one or more of the problems due to limitations and
disadvantages of the related art.

An object of the present invention is to provide an
electrostatic damage preventing apparatus for a liquid crys-
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tal display that is capable of preventing insulation breakage
or device damage through a single switching device con-
nected in series to an external line of a thin film transistor
array.

Additional features and advantages of the invention will
be set forth in the description which follows, and in part will
be apparent from the description, or may be learned by
practice of the invention. The objectives and other advan-
tages of the invention will be realized and attained by the
structure particularly pointed out in the written description
and claims hereof as well as the appended drawings.

To achieve these and other advantages and in accordance
with the purpose of the present invention, as embodied and
broadly described, an electrostatic damage preventing appa-
ratus for a thin film transistor array of a liquid crystal display
includes a horizontal ground voltage line disposed at a first
perimeter portion of the thin film array, a vertical ground
voltage line disposed at a second perimeter portion of the
thin film transistor array, and a first electrostatic damage-
preventing switching device group including parallel con-
nection of at least two electrostatic damage-preventing
switching devices to divide and divert an electrostatic volt-
age applied over the horizontal ground voltage line.

In another aspect, an electrostatic damage preventing
apparatus for a liquid crystal display includes a horizontal
ground voltage line and a vertical ground voltage line
arranged at an outer perimeter of a thin film transistor array,
a first electrostatic damage-preventing switching device
group including parallel connection of at least two electro-
static damage-preventing switching devices to divide and
divert an electrostatic voltage applied over the horizontal
ground voltage line, and a second electrostatic damage-
preventing switching device group including parallel con-
nection of at least two electrostatic damage-preventing
switching devices to divide and divert an electrostatic volt-
age applied over a common voltage line.

In another aspect, a method of preventing electrostatic
damage to a liquid crystal display includes the steps of
dividing and diverting an electrostatic voltage applied over
a horizontal ground voltage line, and dividing and diverting
an electrostatic voltage applied over a common voltage line.

In another aspect, a liquid crystal display device includes
a thin film transistor array, a plurality of gate lines disposed
in a first direction and connected to the thin film transistors,
a plurality of data lines disposed in a second direction
perpendicular to the first direction and connected to the thin
film transistors, a horizontal ground voltage line disposed at
a first perimeter portion of the thin film transistor array, a
vertical ground voltage line disposed at a second perimeter
portion of the thin film transistor array, and a first electro-
static damage-preventing switching device group including
parallel connection of at least two electrostatic damage-
preventing switching devices to divide and divert an elec-
trostatic voltage applied over the horizontal ground voltage
line.

It is to be understood that both the foregoing general
description and the following detailed description are exem-
plary and explanatory and are intended to provide further
explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide a further understanding of the invention and are incor-
porated in and constitute part of this specification, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principles of the invention. In the
drawings:
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FIG. 1 is a plan view showing a configuration of a
conventional electrostatic damage preventing apparatus for
a liquid crystal display; and

FIG. 2 is a plan view showing a configuration of an
exemplary electrostatic damage preventing apparatus for a
liquid crystal display according to the present invention.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

Reference will now be made in detail to the preferred
embodiments of the present invention, examples of which
are illustrated in the accompanying drawings.

In FIG. 2, elements having similar configuration and
function as those in FIG. 1 are given by the same reference
numerals. The ESD preventing apparatus of FIG. 2 includes
first through seventh ESD-preventing switching device
groups 25, 26, 27, 30, 28, 29, and 31.

The first ESD-preventing switching device group 25 is
connected in parallel to a horizontal ground voltage line 17
to prevent an electrostatic voltage generated at an outer side
of a liquid crystal display panel 1 from being transmitted to
a TFT array 13 over a ground voltage line 16. The second
ESD-preventing switching device group 26 diverts an elec-
trostatic voltage applied over a vertical ground voltage line
18. The third ESD-preventing switching device group 27
prevents an electrostatic voltage passing through the second
ESD-preventing switching device group 26 from being
transmitted to the TFT array 13. The fourth ESD-preventing
switching device group 30 diverts an electrostatic voltage
through a gate pad 8. The fifth ESD-preventing switching
device 28 allows a voltage on the horizontal ground voltage
line 17 passing through the first ESD-preventing switching
device group 25 to be approximately equal to a voltage on
a data line 3. The sixth ESD-preventing switching device
group 29 allows a voltage on a low gate line 7 to be
approximately equal to a voltage on the gate line 2. The
seventh ESD-preventing switching device group 31 diverts
an electrostatic voltage passing through a common voltage
pad Vcom.

The TFT array 13 includes liquid crystal cells that respond
to an electric field for controlling a transmitted light quantity
and thin film transistors (TFT’s) 4 for responding to gate
signals on gate lines 2 to selectively connect data lines 3 to
liquid crystal cells 3 that are arranged in a matrix. The ends
of the gate line 2 and the data line 3 are provided with pads
8 and 9, respectively. The pad 8 is provided at the end of the
gate line 2 to receive a gate signal from a gate driver (not
shown) while the pad 9 is provided at the end of the data line
4 to receive a data signal from a data driver (not shown).

The first ESD-preventing switching device group 25 is
connected to the horizontal ground voltage line 17 to prevent
an electrostatic voltage generated at the outer side of the
liquid crystal display panel 1 from being transmitted to the
TFT array 13 over the ground voltage line 16. Accordingly,
the first ESD-preventing switching device group 235 includes
three ESD-preventing switching devices connected in par-
allel to the horizontal ground voltage line 17. The three
ESD-preventing switching devices each include a first tran-
sistor 23 and a second transistor 24 having drain electrodes
23a and 24a and gate electrodes 23b and 24b respectively
connected to each other. Accordingly, the first ESD-
preventing switching device group 25 divides an electro-
static voltage applied to the horizontal ground voltage line
17 by the number of ESD-preventing switching devices and
diverts the electrostatic voltage.

The second ESD-preventing switching device group 26
includes two switching devices connected in parallel
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between the ground voltage line 16 and the vertical ground
voltage line 18, thereby diverting an electrostatic voltage
applied over the vertical ground voltage line 18.

The third ESD-preventing switching device group 27 is
connected between the TFT array 13 and the vertical ground
voltage line 18, thereby further diverting an electrostatic
voltage that was originally diverted by the second ESD-
preventing switching device group 26 to prevent the elec-
trostatic voltage from being directly applied to the TFT array
13.

The fourth ESD-preventing switching device group 30 is
connected between the gate pad 8 and the gate line 2, thereby
diverting an electrostatic voltage on the gate line 2 to prevent
an electrostatic voltage from the gate pad 8 from being
directly applied to the TFT array 13.

The fifth ESD-preventing switching device group 28 is
connected between the horizontal ground voltage line 17 and
the TFT array 13, thereby allowing a voltage on the hori-
zontal ground voltage line 17 to be approximately equal to
a voltage on the data line 3.

The sixth ESD-preventing switching device group 29 is
connected between a low gate voltage line 7 and the gate line
2, thereby allowing a voltage on the gate line 2 diverted by
the fourth ESD-preventing switching device group 30 to be
approximately equal to a voltage on the low gate voltage line

The seventh ESD-preventing switching device group 31
includes at least two ESD-preventing switching devices
connected between a common voltage pad Vcom and the
horizontal ground voltage line 17, thereby dividing and
diverting an electrostatic voltage applied via the common
voltage pad Vcom.

As an example, if each of the first and seventh ESD-
preventing switching device groups 25 and 31 has a parallel
connection of three ESD-preventing switching devices, then
an initial electrostatic voltage generated at the outer side of
the liquid crystal display panel is divided by 5. This is
because each of the first and seventh ESD-preventing
switching device groups 25 and 31 includes three electro-
static preventing switching devices connected in parallel to
the horizontal ground voltage line thereby increasing an
overall electrostatic capacity to divert the initial electrostatic
voltage. Meanwhile, an overall electrostatic capacity of the
first ESD-preventing switching device group 25 having the
at least three ESD-preventing switching devices becomes
larger than the overall electrostatic capacity of the second
ESD-preventing switching device group 26 having two
ESD-preventing switching devices connected in parallel to
the vertical ground voltage line 18. Accordingly, the initial
electrostatic voltage is diverted to the ground voltage line
via the second ESD-preventing switching device group 26
due to the relatively smaller electrostatic capacity.

Alternatively, as another example of an ESD preventing
apparatus for a liquid crystal display according to the present
invention, a first ESD-preventing switching device 25 as
shown in FIG. 2 may be connected to the horizontal ground
voltage line 17 to prevent an electrostatic voltage generated
at the outer side of the liquid crystal display panel 1 from
being transmitted to the TFT array 13. In this case, the first
ESD-preventing switching device 23 is formed such that a
width of the TFT is larger than a length of the TFT, in order
to increase an electrostatic capacity value. For example, a
ratio of a width to a length of the source electrode or the
drain electrode of the TFT is preferably 20:20 or 30:20.

As still another example of an ESD-preventing apparatus,
a first ESD-preventing switching device 25 having a high
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electrostatic capacity may be connected between the ground
voltage line 16 and the TFT array 13 to prevent an initial
electrostatic voltage generated at the outer side of the liquid
crystal display panel 1 from being transmitted to the TFT
array 13 via the ground voltage line 16. In this case, the first
ESD-preventing switching device 25 is formed such that a
width of the TFT of the first ESD-preventing switching
device 25 is larger than a length thereof or such that the
number of the TFT pairs of the first ESD-preventing switch-
ing device 25 is increased, thereby increasing an electro-
static capacity value.

As described above and in accordance with the present
invention, the ESD-preventing switching device group hav-
ing a parallel connection of at least two ESD-preventing
switching devices is connected to the horizontal ground
voltage line to divert an electrostatic voltage generated at the
outer side of the liquid crystal display panel upon cutting of
the substrate, thereby preventing insulation breakdown of a
thin film transistor array and causing device damage.

It will be apparent to those skilled in the art that various
modifications and variations can be made in the electrostatic
damage preventing apparatus of the present invention with-
out departing from the spirit or scope of the invention. Thus,
it is intended that the present invention covers the modifi-
cations and variations of this invention provided they come
within the scope of the appended claims and their equiva-
lents.

What is claimed is:

1. An electrostatic damage preventing apparatus for a thin
film transistor array of a liquid crystal display, comprising:

a horizontal ground voltage line disposed at a first perim-
eter portion of the thin film transistor array;

a vertical ground voltage line disposed at a second perim-
eter portion of the thin film transistor array; and

a first electrostatic damage-preventing switching device
group including parallel connection of at least three
electrostatic damage-preventing switching devices to
divide and divert an electrostatic voltage applied over
the horizontal ground voltage line.

2. The electrostatic damage preventing apparatus accord-
ing to claim 1, further comprising a second electrostatic
damage-preventing switching device group including a par-
allel connection of electrostatic damage-preventing switch-
ing devices to divide and divert an electrostatic voltage
applied over the vertical ground voltage line.

3. The electrostatic damage preventing apparatus accord-
ing to claim 2, wherein an overall electrostatic capacity of
the first electrostatic damage-preventing switching device
group is larger than that of the second electrostatic damage-
preventing switching device group.

4. The electrostatic damage preventing apparatus accord-
ing to claim 2, further comprising a third electrostatic
damage-preventing switching device group to divert an
electrostatic voltage applied via the second electrostatic
damage-preventing switching device group.

5. The electrostatic damage preventing apparatus accord-
ing to claim 1, further comprising a fourth electrostatic
damage-preventing switching device group to allow an
electrostatic voltage diverted by the first electrostatic
damage-preventing switching device group to be approxi-
mately equal to a voltage on the data line.

6. The electrostatic damage preventing apparatus accord-
ing to claim 1, further comprising a fifth electrostatic
damage-preventing switching device group connected
between a gate pad and the gate line to divert an electrostatic
voltage applied via the gate pad.
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7. The electrostatic damage preventing apparatus accord-
ing to claim 6, further comprising a sixth electrostatic
damage-preventing switching device group to allow an
electrostatic voltage diverted by the fifth electrostatic
damage-preventing switching device group to be approxi-
mately equal to a voltage on a gate line.

8. The electrostatic damage preventing apparatus accord-
ing to claim 1, wherein the first electrostatic damage-
preventing switching device group includes thin film tran-
sistors formed such that a width of a source electrode and a
width of a drain electrode of the thin film transistor is larger
than a length of the thin film transistor.

9. The electrostatic damage preventing apparatus accord-
ing to claim 8, wherein a ratio of the width to the length of
the source electrode and the drain electrode of the TFT is one
of 20:20 and 30:20.

10. An electrostatic damage preventing apparatus for a
liquid crystal display, comprising:

a horizontal ground voltage line and a vertical ground

voltage line arranged at an outer perimeter of a thin film
transistor array;

a first electrostatic damage-preventing switching device
group including parallel connection of at least two
electrostatic damage-preventing switching devices to
divide and divert an electrostatic voltage applied over
the horizontal ground voltage line; and

a second electrostatic damage-preventing switching
device group including parallel connection of at least
three electrostatic damage-preventing switching
devices to divide and divert an electrostatic voltage
applied over a common voltage line.

11. The electrostatic damage preventing apparatus accord-
ing to claim 10, further comprising a third electrostatic
damage-preventing switching device group including paral-
lel connection of electrostatic damage-preventing devices to
divide and divert an electrostatic voltage applied via the
vertical ground voltage line.

12. The electrostatic damage preventing apparatus
according to claim 10, wherein the first electrostatic
damage-preventing switching device group has a parallel
connection of at least three electrostatic damage-preventing
switching devices.

13. The electrostatic damage preventing apparatus
according to claim 11, further comprising a fourth electro-
static damage-preventing switching device group for divert-
ing an electrostatic voltage applied via the third electrostatic
damage-preventing switching device group.

14. The electrostatic damage preventing apparatus
according to claim 10, further comprising a fifth electrostatic
damage-preventing switching device group to allow an
electrostatic voltage diverted by the first electrostatic
damage-preventing switching device group to be approxi-
mately equal to a voltage on a data line.

15. The electrostatic damage preventing apparatus
according to claim 10, further comprising a sixth electro-
static damage-preventing switching device group connected
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between a gate pad and a gate line to divert an electrostatic
voltage applied via the gate pad.

16. The electrostatic damage preventing apparatus
according to claim 15, further comprising a seventh elec-
trostatic damage-preventing switching device group to allow
an electrostatic voltage diverted by the sixth electrostatic
damage-preventing switching device group to be approxi-
mately equal to a voltage on the gate line.

17. The electrostatic damage preventing apparatus
according to claim 10, wherein each of the first and second
electrostatic damage-preventing switching device groups
includes thin film transistors formed such that a width of a
source electrode and a width of a drain electrode of the thin
film transistor is larger than a length of the thin film
transistor.

18. The electrostatic damage preventing apparatus
according to claim 17, wherein a ratio of the width to the
length of the source electrode and the drain electrode of the
TFT is one of 20:20 and 30:20.

19. The electrostatic damage preventing apparatus
according to claim 10, wherein an overall electrostatic
capacity of the first electrostatic damage-preventing switch-
ing device group is larger than that of the second electro-
static damage-preventing switching device group.

20. A method of preventing electrostatic damage to a
liquid crystal display, comprising the steps of:

dividing and diverting an electrostatic voltage applied
over a horizontal ground voltage line using at least
three switching devices connected in parallel; and

dividing and diverting an electrostatic voltage applied
over a common voltage line.

21. The method of preventing electrostatic damage to a
liquid crystal display according to claim 20, wherein the
steps of dividing and diverting an electrostatic voltage
include the use of switching device groups that each include
parallel connection of a plurality of switching devices.

22. A liquid crystal display device, comprising:

a thin film transistor array;

a plurality of gate lines disposed in a first direction and

connected to the thin film transistors;

a plurality of data lines disposed in a second direction
perpendicular to the first direction and connected to the
thin film transistors;

a horizontal ground voltage line disposed at a first perim-
eter portion of the thin film transistor array;

a vertical ground voltage line disposed at a second perim-
eter portion of the thin film transistor array; and

a first electrostatic damage-preventing switching device
group including parallel connection of at least three
electrostatic damage-preventing switching devices to
divide and divert an electrostatic voltage applied over
the horizontal ground voltage line.
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