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(57) ABSTRACT 

A plurality of gate lines are formed on an insulating Sub 
strate in the horizontal direction, a gate shorting bar con 
nected to the data lines is formed in the vertical direction and 

a gate insulating film is formed thereon. A plurality of data 
lines intersecting the gate lines are formed on the gate insu 
lating film in the vertical direction, and a data shorting bar 
connected to the data lines is formed outside the display 
region. A first shorting bar is formed on the gate insulating 
film, located between the gate lines and the gate shorting bar, 
and connected to the odd gate lines. A second secondary 
shorting bar is formed parallel to the first shorting bar and 
connected to the even gate lines. 

25 Claims, 21 Drawing Sheets 
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FIG.2(Prior Art) 
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FIG.4(Prior Art) 
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MULTIPLE TESTING BARS FOR TESTING 
LIQUID CRYSTAL DISPLAY AND METHOD 

THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

+1 CROSS REFERENCE TO PRIOR 
APPLICATIONS 

The application is a reissue application from U.S. patent 
application Ser: No. 09/206,317 filed on Dec. 7, 1998 and 
issued as U.S. Pat. No. 6,734,925 on May 11, 2004, claiming 
priority to and the benefit of Korean Patent Application No. 
1998-493.89 filed on Nov. 18, 1998, and Korean Patent 
Application No. 1997-66154 filed on Dec. 5, 1997. 

BACKGROUND OF THE INVENTION 

(a) Field of the Invention 
The present invention relates to liquid crystal displays 

(referred as LCDs hereinafter), manufacturing methods 
thereof and testing methods thereof, in particular, to LCDs 
having more than two shorting bars, and methods for detect 
ing defects in the LCDs by using the shorting bars. 

(b) Description of the Related Art 
Shorting bars of a liquid crystal display are used to dis 

charge a electrostatic charges generated in the manufactur 
ing process of the LCD and to test the LCD after the manu 
facturing process is completed. 
A conventional LCD is described in detail with reference 

to the accompanying drawings. 
FIG. 1 is a schematic diagram of a conventional thin film 

transistor (referred as TFT hereinafter) substrate for an LCD 
having shorting bars, FIG. 2 is an enlarged view of the part A 
in FIG. 1 and FIG. 3 is a cross-sectional view taken along 
line III III" in FIG. 2. 

As shown in FIGS. 1 to 3, gate lines G1, G2. G3, G4, . . . 
are formed on a substrate 1 and extend in the horizontal 
direction, and a gate pad 10 is formed at one end of each gate 
line. A gate shorting bar 20 that electrically connects the gate 
lines G1, G2. G3, G4, ... all together and is formed on the 
substrate 1, extends in the vertical direction, and is located 
opposite the gate lines G1, G2. G3, G4, ... with respect to 
the gate pads 10. A pair of testing pads 2 are formed at both 
ends of the gate shorting bars 20. 
A gate insulating film 15 covers a gate wire 5 such as the 

gate lines G1, G2. G3, G4, ..., the gate pads 10 and the gate 
shorting bar 20. Data lines D1, D2, D3, D4, . . . are formed 
on the gate insulating film 15 and extends in the vertical 
direction, and a data pad 30 is formed at one end of each data 
line. A data shorting bar 40 that electrically connects the data 
lines D1, D2, D3, D4, ... all together is formed on the gate 
insulating film 15, extends in the horizontal direction. A pair 
of testing pads 3 are formed at both ends of the date shorting 
bars 40. The gate shorting bar 20 and the data shorting bar 40 
may be connected to each other by a resistor. 
An insulating film 25 covers a data wire including the data 

lines D1, D2, D3, D4, . . . , the data pads 30 and the data 
shorting bar 40, and some portions of the insulation films 15 
and 25 on the data pads 30 and the gate pads 10 are removed. 

Pixel regions are defined as the area surrounded by the 
two adjacent gate lines and the two adjacent data lines, and a 
display area includes the pixel regions. A TFT that rums on 
by a scan signal from the gate line and transmits image sig 
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2 
nals from the data line into the pixel region is formed in each 
of the pixel regions. 

In this structure, electrostatic charges generated in the 
manufacturing process are discharged or dispersed through 
the gate shorting bar 20 and the data shorting bar 40. 

Meanwhile, after the manufacturing process and the array 
test are finished, the gate shorting bar 20 and the data short 
ing bar 40 are removed by cutting the Substrate along line L. 

Next, the mechanism of a conventional array test is 
described with reference to FIGS. 1 and 4. 

FIG. 4 shows polarities of signals for an array test that are 
applied to the pixel regions. 

Voltages for an array test are applied to the testing pads 2 
and 3. Since the gate lines G1, G2. G3, G4, ... and the data 
lines D1, D2, D3, D4, . . . are respectively connected to the 
shorting bars 20 and 40, the TFTs of the pixel regions turn on 
simultaneously and a testing signal is applied in all R, G, B 
pixels as shown in FIG. 4. Therefore, in the normally white 
mode, the pixel regions PX represent dark State. 

In case either that the wires are disconnected or that the 
TFT has a defect, the pixels related to the defects turns to a 
bright states, and thus the defected elements may be detected 
with ease. However, if more than two gate lines or data lines, 
for example, the data lines D2 and D3 in FIG. 1, are short 
circuited (S1), it is hard to detect the short-circuited ele 
ments since the Voltage of the same magnitude and polarity 
is applied to the two data lines D2 and D3. 

Meanwhile, if the shorting bar become divided into more 
than two and connected different gate lines or data lines to 
Solve the previously described disadvantage, the detecting 
capability may increase. However, the protecting capability 
against electrostatic charges may decrease. 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide a TFT 
array panel having shorting bars that are Superior in detect 
ing short-circuit defects as well as discharging electrostatic 
charges. 

It is another object of the present invention to provide a 
test methods to detect short-circuit defects between adjacent 
data lines or adjacent gate lines and pixel defects with ease. 

It is another object of the present invention to provide a 
test method to effectively detect some defects in a high 
resolution substrate. 
To achieve these objects of the present invention, a plural 

ity of gate lines are formed in parallel with one another and 
two shorting bars for tests are formed in a manner to respec 
tively link every other gate lines. A main shorting bar linking 
all gate lines is formed outside the shorting bars. 
The gate lines and the shorting bars for test may be 

coupled by conductive coupling patterns. 
A plurality of data lines may be formed in perpendicular 

to the gate lines, three shorting bars for tests may respec 
tively link to the sequences of the data lines one after another 
and the data shorting bars and the data tines may be coupled 
to each other by conductive coupling patterns. 

Moreover, it is desirable that the gate lines and the data 
lines link all together outside the data shorting bars by the 
main shorting bar. 

In a method of manufacturing the LCD, the conductive 
coupling patterns are formed at the step of forming transpar 
ent pixel electrodes. 
The gate lines and the data lines may be separated from 

the main shorting bar after the conductive coupling patterns 
are formed. 
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According to the LCDS and the manufacturing methods of 
the present invention, the additional gate shorting bars or the 
additional data shorting bars are formed and separated from 
the main shorting bar after the process is over. Accordingly, 
the LCD substrate is superior in detecting short-circuited 
defects of the Substrate as well as in discharging the electro 
Static charges. 

In testing methods according to embodiments of the 
present invention, gate pulses are applied to two secondary 
lines for tests that are respectively connected to even gate 
lines and to odd gate lines and data signals are applied to 
three secondary lines for test that are respectively connected 
to one of R, G and B pixels in sequence. In detail, a signal 
having the first polarity is applied to two of three adjacent 
data lines and a signal having the opposite polarity of the 
first is applied to the rest of the three adjacent data lines 
when the pulse is applied to the even gate lines. Then, the 
signal having the first polarity is applied to two of the three 
adjacent data lines chosen in a different combination con 
cerning to the first choice and the signal having the opposite 
polarity of the first is applied to the rest of the three adjacent 
data lines. 

In this test method according to the present invention, it is 
possible to detect short-circuited defects between adjacent 
pixels or adjacent wires, and the detecting ability of visual 
defects and the reliability are increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a thin film transistor 
(TFT) substrate for a LCD having shorting bars according to 
the conventional invention; 

FIG. 2 is an enlarged layout view of a portion A in FIG. 1; 
FIG. 3 is a cross-sectional view taken along line III—III' 

in FIG. 2. 
FIG. 4 is a schematic diagram of pixel matrix in which 

array test signals are applied; 
FIG. 5 is a schematic diagram of a TFT array panel for 

LCDs having shorting bars according to the present inven 
tion; 

FIG. 6 is an enlarged layout view of a portion B in FIG. 5 
according to the first embodiment of the present invention; 

FIG. 7 is another enlarged layout view of a portion B in 
FIG. 5 according to the second embodiment of the present 
invention; 

FIG. 8 is a cross-sectional view taken along line VIII— 
VIII' in FIG.7; 

FIG. 9 is an enlarged layout view of a portion C in FIG. 5; 
FIG. 10 is a cross-sectional view taken along line X X" 

in FIG.9; 
FIGS. 11A to 11F are cross sectional views of the LCD 

Substrate as a manufacturing process according to the 
embodiment shown in FIGS. 7 and 8: 

FIGS. 12A to 12F are cross sectional views of the LCD 
Substrate as a manufacturing process according to the 
embodiment shown in FIGS. 9 and 10; 

FIG. 13 is a schematic diagram which illustrates the man 
ner of connections between a wire and shorting bars accord 
ing to the present invention; 

FIG. 14 illustrates wave forms of array test signals applied 
to gate lines and data lines according to the first embodi 
ment, 

FIGS. 15A to 15C illustrate polarities of signals applied to 
R, G, B pixels according to the first embodiment; 

FIG. 16 illustrates wave forms of array test signals applied 
to gate lines and data lines according to the second embodi 
ment, 
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4 
FIGS. 17A to 17B illustrate polarities of signals applied to 

R, G, B pixels according to the second embodiment; 
FIG. 18 illustrates waveforms of array test signals applied 

to gate lines and data lines according to the third embodi 
ment; 

FIG. 19 illustrates waveforms of array test signals applied 
to gate lines and data lines according to the fourth embodi 
ment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

The present invention now will be described more fully 
hereinafter with reference to the accompanying drawings, in 
which preferred embodiments of the invention are shown. 
This invention may, however, be embodied in many different 
forms and should not be construed as limited to the embodi 
ments set forth herein. In the drawings, the thickness of lay 
ers and regions are exaggerated for clarity. Like numbers 
refer to like elements throughout. It will be understood that 
when an element Such as a layer, region or Substrate is 
referred to as being “on” another element, it can be directly 
on the other element or intervening elements may also be 
present. 
LCDs and methods of manufacturing the same will be 

described hereinafter with reference to FIG. 5. 

FIG. 5 is a schematic diagram of a TFT array panel for an 
LCD having shorting bars according to embodiments of the 
present invention, in which wires for electrostatic discharge 
protection and for detecting defects are not removed yet. 

Gate lines G1, G2, G3, G4, ... made of a material such as 
Al extends in the horizontal direction and gate pads 110, 
120, 130, 140, ... are formed at one ends of respective gate 
lines. Data lines D1, D2, D3, D4, ... made of Cror Mo are 
formed on an insulating film (not shown) that covers the gate 
lines, and extend in the vertical direction. Data pads 510, 
520, 530, 540, ... are formed at one ends of respective data 
lines. 
A plurality of pixel regions PX are defined as the area 

Surrounded by the two adjacent gate lines and the two adja 
cent data lines, and a display area includes the pixel regions. 
A TFT is formed in each pixel region so that the image 
signals from the data lines D1, D2, D3, D4, . . . can be 
transmitted into the pixels when the scan signals from the 
gate lines G1, G2. G3, G4, ... turn on the TFTs. 

Electrostatic charges usually generated in the step of 
forming those wires may cause defects of the TFTs, the gate 
or the data wires of the pixel regions PX. To avoid those 
defects, a gate shorting bar 200 and a data shorting bar 400 
are required. 
The gate shorting bar 200 made of the same material as 

the gate wire extends in the vertical direction, located out 
side the display region and connected to the gate extensions 
101, 102, 103, 104 that extend from the gate pads 110, 120, 
130, 140 in the horizontal direction. The data shorting bar 
400 made of the same material as the data wire extends in the 
horizontal direction, located outside the display region and 
connected to the data extensions 501, 502,503 and 504 that 
extend from the data pads 510, 520, 530 and 540 in the 
vertical, direction. The gate shorting bar 200 and the data 
shorting bar 400 are connected to each other through a con 
tact hole in the insulating film. 
The gate shorting bars 200 and the data shorting bar 400 

discharge and disperse the electrostatic charges generated in 
the wires of the Substrate during the manufacturing process. 
They are removed from the substrate by cutting the substrate 
along a cutting line L1. 
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Next, the array test for the display area is performed. 
The array test is performed by using secondary lines 410 

and 420; 210, 220 and 230. 
A first secondary line 410 and a second secondary line 

420 made of the data metal such as Cr and Mo are arranged 
between the gate shorting bar 200 and the gate pads 110. 
120, 130 and 140 and parallel to the gate shorting bar 200. A 
third secondary line 210, a fourth secondary line 220 and a 
fifth secondary line 230 made of the gate metal such as A1 
are arranged between the data shorting bar 400 and the data 
pads 510, 520 and 530 and parallel to the data shorting bar 
400. The first secondary line 410 and the second secondary 
line 420 are respectively connected to odd gate lines G1 and 
G3 and to even gate lines G2 and G4. The third secondary 
line 210, the fourth secondary line 220 and the fifth second 
ary line 230 are respectively connected to (3n-2)th date 
lines, (3n-1)th data lines and (3n)th data lines. 

Accordingly, it is possible to detect some defects in the 
Substrate by applying different signals to even gate lines and 
to odd gate lines through the first secondary line 410 and the 
second secondary line 420 and by applying R, G and B 
signals to the (3n-2)th data line, (3n-1)th data line and (3n) 
th data lines. 
Now, the structure of the gate shorting bar 200, the first 

and the second secondary lines 410 and 420, the data short 
ing bar 400 and the third, the fourth, and the fifth secondary 
lines 210, 220 and 230 will be described in detail with refer 
ence to FIG. 6 to FIG. 10. 

FIGS. 6 and 7 are enlarged layout views of a portion B in 
FIG. 5 according to a first embodiment and a second 
embodiments of the present inventions. FIG. 8 is a cross 
sectional view taken along line VIII VIII' in FIG. 7, in 
which the connection between a gate shorting bar and sec 
ondary lines is shown. 

Gate extensions 101, 102, and 103 extends from gate pads 
110, 120 and 130 formed on a substrate 1 to vertically 
extended gate shorting bars 200 on the substrate 1. A gate 
insulating film 150 is formed thereon, and a first secondary 
line 410 and a second secondary line 420 are formed on the 
gate insulating film 150. The first and the second secondary 
lines 410 and 420 are located between the gate pads 100, 110 
and 120 and the gate shorting bar 200 in parallel to the gate 
shorting bar 200. A passivation film 250 is formed thereon. 

Connecting members 310 and 320, which are made of the 
same material as pixel electrodes (not shown), are formed on 
the passivation film 250 at which the gate extensions overlap 
the first secondary line or the second secondary lines. The 
connecting member 310 is connected to the first secondary 
line 410 through a contact hole (a) in the passivation film 
250 and to the gate extension 101 through a contact hole (b) 
in the passivation film 250 and the gate insulating film 150. 
The connecting member 320 is connected to the second sec 
ondary line 420 through a contact hole (c) in the passivation 
film 250 and to the gate extension 102 through a contact hole 
(d) pierced in the passivation film 250 and the gate insulating 
film 150. That is, the gate extensions 101 and 102 are respec 
tively connected to the first and the second secondary lines 
410 and 420 by the connecting members 310 and 320. 
As previously described, the gate shorting bar is electri 

cally separated from the secondary lines 410 and 420 by 
cutting the Substrate along the cutting line L1 before array 
tests, and the secondary lines 410 and 420 are removed by 
cutting along the cutting line L2 outside the display region 
after the array tests. 
A second embodiment shown in FIG. 7 has a structure in 

which the additional step of removing the gate shorting bar 
is not required before the array tests. 
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6 
The structure of the connection between the first and the 

second secondary lines 410 and 420 and the gate extensions 
101, 102 and 103 in the second embodiment is similar to the 
structure in the first embodiment, but each gate extension is 
separated from the gate shorting bar 200 in a manner that 
some portions of the gate extensions 101, 102 and 103, the 
gate insulating film 150 and the passivation film 250 
between the gate shorting bar 200 and the first secondary 
line 410 are removed. The gate extensions 101, 102 and 103 
are separated from the gate shorting bar 200 in the final 
manufacturing step and it will be described more in detail 
afterward. 

In the second embodiment, the step of cutting the Sub 
strate before the array test is not required because the gate 
shorting bar 200 and the secondary lines 410 and 420 are 
already separated from each other. 

Instead, after the test, the secondary lines 410 and 420 are 
removed simultaneously by cutting the Substrate along the 
cutting line L2 as in the first embodiment. 

FIG. 9 is an enlarged layout view of a portion C in FIG. 5 
FIG. 10 is a cross-sectional view taken along line X X" in 
FIG. 9, which specially show the connection of a data short 
ing bar to a third secondary line, a fourth secondary line and 
a fifth secondary line. 
As shown in FIGS. 9 and 10, a third, a fourth and a fifth 

secondary lines 210, 220 and 230 made of the same metal as 
a gate wire are formed on a Substrate 1 in the horizontal 
direction, and a gate insulating film 150 is deposited thereon. 
A data wire 55, including data lines D1, D2, D3 and D4, data 
pads 510,520, 530 and 540, data extensions 501, 502,503 
and 504 extending from the data pads and a data shorting bar 
400 connected to the data extensions, is formed on the gate 
insulating film 150. A passivation film 250 is formed 
thereon. 

Contact holes F. Hand Jare formed in the passivation film 
250 over the respective data extensions 501, 502 and 503 and 
contact holes G, I and K are formed in the passivation film 
250 and the gate insulationg layer 150 over the respective 
third, fourth and fifth secondary lines 210, 220 and 230. 
Connecting members 301,302 and 303 formed on the passi 
vation film 250 respectively connect the third, the fourth and 
the fifth secondary lines 210, 220 and 230 to every other 
third data extensions 501, 502 and 503 through the contact 
holes F, H, J, G, I, K. 

Furthermore, the passivation film 250 and the data exten 
sions 501, 502, 503 and 504 are removed between the data 
shorting bar 400 and the data pads 510,520, 530 and 540, 
that is, the data extensions 501, 502,503 and 504 are discon 
nected from the data shorting bar 400. As a result, the addi 
tional step of cutting the data shorting bar 400 is not required 
for the array test. 
As previously described, three other signals can be 

applied to the third, fourth and the fifth secondary lines 210, 
220 and 230 for detecting pixel defects and short-circuited 
defects of the TFT array panel since each of the three sec 
ondary lines 210, 220, 230 is connected to every other third 
data extension. 

In case more than two data lines D3 and D4 are shorted as 
shown in FIG. 5, if the different signals are applied to the 
data lines D2 and D3, the short-circuited defects are detected 
easily by the differences of luminance from the other pixels. 

Even though there are three separated secondary lines 
210, 220 and 230 in this embodiment, two or more than three 
secondary lines may be formed. 

Next, methods of manufacturing an LCD according to the 
embodiments of the present invention will be described with 
reference to FIGS. 11A to 11F and FIGS. 12A to 12F here 
inafter. 
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FIGS. 11A to 11F are cross sectional views of the inter 
mediate structures of an LCD panel shown in FIGS. 7 and 8. 
and FIGS. 12A to 12F are cross sectional views of the inter 
mediate structure of an LCD panel shown in FIGS. 9 and 10. 
As shown in FIGS. 11A and 12A, a metal layer is depos 

ited on an insulating Substrate 1 and patterned to form a gate 
wire including gate lines G1, G2. G3 and G4, gate pads 100, 
110 and 120, a gate shorting bar 200, gate extensions 101, 
102 and 103 and secondary lines 210, 220 and 230. Then, a 
gate insulating film 150, an amorphous silicon film (not 
shown) and a doped silicon film (not shown) are deposited 
consecutively, and the upper two films are patterned to form 
an active pattern. 
As shown in FIGS. 11B and 12B, a metal layer is depos 

ited and patterned to form a data wire 55 including data lines 
D1, D2, D3 and D4, a source and a drain electrode (not 
shown), data pads 500,510,520 and 530, a data shorting bar 
400, data extensions 501, 502,503 and 504 and secondary 
lines 410 and 420. Then, the portions of the doped silicon 
film is etched by using the data wire 55 as a mask. 
As shown in FIGS. 11C, 11D, 12C and 12D, a passivation 

film 50 is deposited. Then, the passivation film 50 and the 
gate insulating film 150 are etched to form contact holes E 
and M exposing the gate pads 110 and 120 and the data pads 
510,520 and 530, and contact holes A, B, C, D, F, G, H, I, J 
and K exposing the first through the fifth secondary lines 
410, 420, 210, 220, 230, the gate extensions 101, 102 and the 
data extensions 501, 502,503. 

Next, indium-tin-oxide(ITO) is deposited and etched to 
form pixel electrodes. In the etching process, a first and a 
second connecting members 310 and 320, and a third, a 
fourth and a fifth connecting members 301,302 and 303 are 
simultaneously formed. The first and the second connecting 
members 310 and 320 respectively connect the first and the 
second secondary line 410 and 420 to the gate extensions 
101 and 102 through the contact holes A, C, B, D. The third, 
the fourth and the fifth connecting members 301, 302 and 
303 respectively connect the third, the fourth and the fifth 
secondary line 210, 220 and 230 to every other third data 
extensions 501, 502 and 503 through the contact holes G. I. 
K., F. Hand J. 
As shown in FIGS. 11F and 12F, the gate shorting bar 200 

is disconnected from the gate extensions 101, 102 and 103 
between the first secondary line 410 and the gate shorting 
bar 200, and the data shorting bar 400 is disconnected from 
the data extensions 501, 502 and 503 between the third sec 
ondary line 210 and the data shorting bar 400. 
More in detail, the gate extensions 101 and 102 between 

the first secondary line 410 and the gate shorting bar 200, 
and the data extensions 501, 502 and 503 between the third 
secondary line 210 and the data shorting bar 400 are exposed 
in the step of etching the passivation film 250. After connect 
ing members 301, 302, 303, 310 and 320 are formed, the 
exposed portions of the extended lines 101, 102, 501, 502 
and 503 are etched and removed. The gate shorting bar 200 
and the data shorting bar 400 may be removed by cutting 
along the cutting line L1 before the array tests. 
As previously described, since two adjacent gate lines are 

connected to two different secondary lines and three adja 
cent data lines are connected to three different secondary 
lines, it is easy to test visual quality of the LCD. 
Now, the connecting structure between the secondary 

lines and the gate lines is described again. 
As shown in FIG. 13, a plurality of gate lines G1, G2. G3. 

G4, G5 and G6 and a plurality of data lines D1, D2, D3, D4, 
D5 and D6 intersect to define a plurality of pixels arranged 
in a matrix. 
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8 
Since odd gate lines G1, G3 and G5 and even gate lines 

G2, G4 and G6 are separately connected to the first and to 
the second secondary lines 410 and 420, it is possible to 
apply different signals to the odd pixel row and to the even 
pixel row. 

Three adjacent data line, that is, (3n-2)th, (3n-1)th and 
(3n)th data lines are connected to the pixels in different rows 
and arranged in three shifts, for example, R, G, B pixel col 
umns. Since the third, the fourth and the fifth secondary lines 
are separately connected, three other signals can be applied 
to the three adjacent pixel columns through the secondary 
lines 210, 220 and 230. 

Testing pads 4, 5, 6, 7 and 8 are respectively formed at the 
ends of the secondary lines 410, 420, 210, 220 and 230. 

Then, a visual test method according to the first embodi 
ment is described with references to FIGS. 13, 14 and 15A to 
15C. 

FIG. 14 illustrates waveforms of array test signals applied 
to gate and data lines through the respective secondary lines 
and FIGS. 15A to 15C illustrate polarities of signals applied 
to R, G, B pixels in modes 1 to 3. 
As shown in FIGS. 13 and 14, signal voltages G and 
G, are applied to a plurality of gate lines in odd rows and a 
plurality of gate lines in even rows. Signal Voltages D. D. 
and D, are respectively applied to a plurality of (3n-2)th, 
(3n-1)th and (3n)th data lines through the first to the fifth 
secondary lines 410, 420, 210, 220 and 230. 

Then, the signal Voltages are described more in detail 
hereinafter. 

Signal Voltages G, and G, which respectively 
include pulses turning on thin film transistors, are applied to 
odd gate lines and to even gate lines through the first and the 
second secondary lines 410 and 420. If the period from the 
moment one pulse is applied to the moment next pulse is 
applied is defined as one frame, the signal Voltage G., for 
the even gate lines follows the signal Voltage G. for the 
odd gate lines by a half frame. As a result, the TFTs in even 
row pixels are turned on with a half frame difference against 
the TFTs in odd row pixels. 

Meanwhile, polarities of the data signal Voltages D. D. 
and D, which are respectively applied to R, G, B pixel col 
umns invert once a frame and at the moment that the pulses 
are applied to the odd or the even gate lines. As described 
more in detail, the signal Voltages applied to the selected two 
of R, G, B pixel columns invert at the same time and the 
polarities of the signals are opposite. For example, as shown 
in FIG. 14, signals having the same polarity are applied to 
the two of the three pixel columns and invert at the moment 
that the even gate pulses are applied. A signal having an 
opposite polarity is applied to the rest of the three pixel 
columns and inverts at the moment that the odd gate pulse is 
applied. 

FIG. 14 shows signals in the three modes. 
First, in the first mode (mode 1), the test signal D applied 

to R pixel column and the test signal D applied to G pixel 
column have opposite polarities and invert when the pulse is 
applied to the even gate line, and the test signal D applied to 
B pixel column invert when the pulse is applied to the odd 
gate line. The polarities of the test signals D. D. and D, are 
respectively (+), (-) and (-) when the first frame (1F) starts. 

Then, in the second mode (mode 2), the test signals D. 
D and D, applied to the R, G and B pixel columns are the 
same as the test signals D., D and D applied to the B. R 
and G pixel columns in the first mode (mode 1). 

Moreover, in the third mode (mode 3), the test signals D. 
D. and D, applied to the R, G and B pixel columns are the 
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same as the test signals D, D, and D applied to the G. B 
and R pixel columns in the first mode (mode 1) and the test 
signals D., D and D applied to the B. R and G pixel 
columns in the second mode (mode 2). 

Then, polarities of the pixels when the above signals are 
applied to each of the pixels will be described. 

First, if the pulse is applied to odd gate lines, TFTs of the 
pixels in odd rows are turned on and the test signals are 
applied to pixels in odd rows. When the TFTs of the pixels in 
odd rows are turned off and the pulse is applied to even gate 
lines, the test signals are applied to pixels in even rows 
through the turned-on TFTs of the pixels in even rows. 

Therefore, the polarities of the pixels in the first frame (IF) 
of the first to the third modes are illustrated as in the FIGS. 
15A to 15C. The polarities in the second frame (2F) are the 
opposite. 
As shown in FIG. 15A, in the first mode (mode 1), one of 

the pixels in R pixel column and one of the pixels in G pixel 
column respectively have (+) and (-), or (-) and (+) 
polarities, and the polarities invert according to the columns. 
However, all the pixels in B pixel column have the same 
polarity (-). In case of the row direction, the G and B pixels 
in odd rows have the same polarity and the R pixels in odd 
rows have the polarity opposite to the R and G pixels. 
Though, the B and R pixels in even rows have the same 
polarity and the G pixels in odd rows have the polarity oppo 
site to the B and R pixels. 

Then, as shown in FIG. 15B, in the second mode (mode 
2), one of the pixels in G pixel column and one of the pixels 
in B pixel column respectively have (+) and (-), or (-) and 
(+) polarities, and the polarities invert according to the col 
umns. All the pixels in the R pixel column have the same 
polarity (-). In case of the row direction, the B and R pixels 
in odd rows have the same polarity and the G pixels in odd 
rows have the polarity opposite to the B and R pixels. The R 
and G pixels in even rows have the same polarity and the R 
pixels in odd rows have the polarity opposite to the R and G 
pixels. 

Furthermore, as shown in FIG. 15C, in the third mode 
(mode 3), one of the pixels in R column and one of the pixels 
in B column respectively have (+) and (-), or (-) and (+) 
polarities, and the polarities invert according to the columns. 
All the pixels in G column have the same polarity (-). In 
case of the row direction, the R and G pixels in odd rows 
have the same polarity and the B pixels in odd rows have the 
polarity opposite to the R and G pixels. The G and B pixels 
in even rows have the same polarity and the R pixels in odd 
rows have the polarity opposite to the G and B pixels. 

It is possible to detect the short-circuited defects between 
two adjacent gate lines or two adjacent data lines by adopt 
ing one of the three modes. In case that the short-circuited 
defects occurs between two adjacent pixels to which the 
different signals having the opposite polarities are applied, 
the signal Voltages applied to the pixels are shifted to one 
value, the means of the two Voltages. As a result, the same 
voltage is applied to the pixels. Therefore, it is possible to 
determine the short-circuited defects since the same gray 
image is displayed in the adjacent short-circuited pixels. 
Moreover, in case in which the short-circuited defects occur 
between the adjacent wires, it is easy to detect the short 
circuited defects between the wires since the same signal is 
applied to the pixels of the rows or the columns which are 
connected to the short-circuited wires. 

However, it is difficult to detect the short-circuited defects 
between the adjacent pixels to which the same testing signal 
is applied and to determine the exact location of the same. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
To solve this problem, if any two of the three modes are 

adopted for the test, it is possible to easily detect the pixel 
defects such as short-circuited defects between the adjacent 
pixels and to determine the location of the defects, since 
different kinds of polarities are applied to the adjacent pixels 
in a row direction and in a column direction at least one time. 

Furthermore, in the testing method according to the first 
embodiment, it is effective to test a visual uniformity since 
the polarities of the signals D, D, and D, applied to the 
respective secondary lines 210, 220 and 230 last for one 
frame and the signal fluctuation is ignorable. 
Now, a visual test method according to the second 

embodiment is described with reference to FIGS. 16, 17A 
and 17B. 

FIG. 16 illustrates waveforms of array test signals applied 
to gate and data lines according to the second embodiment, 
and FIGS. 17A to 17B illustrate polarities of signals applied 
to R, G, B pixels according to the second embodiment. 

Signal Voltages G, and G, and D. D. and D, as 
shown in FIG.16 are respectively applied to gate lines in odd 
and in even pixel rows and (3n-2)th, (3n-1)th and (3n)th 
data lines through the first to the fifth secondary lines 410. 
420, 210, 220 and 230. 

Like the first embodiment, if the period from the moment 
one pulse is applied to the moment next pulse is applied is 
defined as one frame, the signal Voltage G., for the even 
gate lines follows the signal Voltage G. for the odd gate 
lines by a half frame. 

Meanwhile, data signal voltages D, D, and D, applied 
to R, G and B pixel columns invert several times in a frame 
with the same period as the width of the pulse. The polarities 
of the signal Voltages D, D, and D. invert at the moments 
that the gate pulses are respectively applied to the odd gate 
lines and to the even gate lines, and the polarity at the 
moment that the pulse is applied to the odd gate lines is 
opposite to the polarity at the moment that the pulse is 
applied to the even gate lines. The signals having the same 
polarity are applied to any two of the R, G and B pixel 
columns, and the signal having the polarity opposite to the 
two pixel columns is applied to the rest of the R, G and B 
pixel columns. 

FIG. 16 shows the signals of two modes. 
In the fourth mode (mode 4), the same test signals D and 

D. having the same polarity and the same inversion period 
are applied to the pixels in R pixel column and the pixels in 
B pixel column, and a test signal D having the same inver 
sion period as the test signals D and D, and the opposite 
polarity is applied to the pixels in G pixel column. 

Then, in the fifth mode (mode 5), the same test signals are 
applied to the pixels in R pixel column and in G pixel col 
umn and the test signal having the opposite polarity is 
applied to the pixels in B pixel column. 

FIGS. 17A and 17B show the polarities in the pixels when 
the signals are applied according to the fourth and the fifth 
modes. 

In the fourth mode shown in FIG. 17A, all adjacent pixels 
in a column direction have the polarities opposite to each 
other and all adjacent pixels except the adjacent B and R 
pixels in a row direction have the opposite polarities. 

In the fifth mode shown in FIG. 17B, all adjacent pixels in 
the column direction have the polarities opposite to each 
other and all the adjacent pixels except the adjacent Rand G 
in the row direction have the opposite polarities. 
As described in the first embodiment, it is possible to 

detect the short-circuited defects by using one of the two 
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modes in the second embodiment. When both of the two 
modes are adopted, the detecting ability is increased so that 
pixel defects such as the short-circuited defects between the 
adjacent pixels to which the test signal having the same 
polarity is applied are easily detected. 5 

In the defect detecting method according to the second 
embodiment, since polarities of the test signals applied to R, 
G and B pixel columns invert with the same period as the 
width of the gate pulse, the signals is not charged into the 
pixels sufficiently. As a result, flicker effects may occur. In 
addition, it is not suitable to test for visual uniformity that is 
usually confirmed by naked eyes, and it is difficult to detect 
the pixel defects under the high state or off state. 

FIG. 18 shows testing wave forms according to the third 
embodiment to improve this problem. 

In FIG. 18, signals D. D. and D applied to R, G and B 
pixel columns and signals G, and G, applied to odd and 
even gate lines are mostly similar to the signals in the second 
embodiment. Instead, the signals applied to the R, G and B 
pixel columns invert with a period of two times the width of 
the gate pulse. 

Therefore, there is no difficulty in charging the R, G and B 
signals into the pixels, it is easy to synchronize the gate pulse 
and the data signals, and the flicker effect is reduced. As a 
result, the test method according to the third embodiment is 
Superior in testing a uniformity and defects under high and 
off states. 

FIG. 19 illustrates wave forms of array test signals accord 
ing to the fourth embodiment, in which pulses are applied to 
the odd gate lines and to the even gate lines and the two 
pulses are synchronized with a half frame difference. Test 
signals invert with a period of twice the width of the gate 
pulse. 

In the fourth embodiment, the gate pulse is applied later 
than the moment (t1, t2) when the signals Dr. D. and D, is 
applied to the R, G and B pixel columns invert. Therefore, 
the signals can be charged with a large initial charging val 
ues when TFTs are turned on. As a result, the charging time 
decreases and the signals can be charged sufficiently while 
the gate pulse is applied. Therefore, it is easy to test even a 
high resolution Substrate. 
As described above, in the LCD according to the present 

invention, since gate secondary shorting bars or data second 
ary shorting bars are respectively formed with more than two 
divided lines and separated from a gate shorting bar and a 45 
data shorting bar, the Substrate is Superior against electro 
static charges. In addition, since different test signals can be 
applied to the gate and the data secondary shorting bars, the 
detecting ability for the substrate is increased. As a result, it 
is possible to reduce a manufacturing cost because the Sub- so 
strate in which the defects occurred is not continued to the 
next step, but discarded in the testing step. In addition, it is 
possible to easily test a high resolution Substrate by starting 
charging data signals before the moment the gate pulse is 
applied in order to sufficiently charge the data signals to 55 
pixels. 

In the drawings and specification, there have been dis 
closed typical preferred embodiments of the invention and, 
although specific terms are employed, they are used in a 
generic and descriptive sense only and not for purpose of 60 
limitation, the scope of the invention being set forth in the 
following claims. 
What is claim is: 
1. A thin film panel comprising: 
a plurality of gate lines formed on the a substrate and 65 

extending in a horizontal direction, the plurality of gate 
lines comprising a first group and a second group; 
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a gate insulating film formed on the plurality of gate lines 

and having comprising a plurality of first contact 
holes exposing portions of the plurality of gate lines; 

a plurality of data lines formed on the gate insulating film, 
extending in a vertical direction and intersecting the 
plurality of gate lines; 

a first testing bar formed on the gate insulating film, 
extending in the vertical direction; 

a second testing bar formed on the gate insulating film and 
substantially parallel to the first testing bar; 

a passivation film formed on the plurality of data lines, the 
first testing bar and the second testing bar, and having 
comprising a plurality of second contact holes exposing 
the plurality of first contact holes and a plurality of third 
contact holes and a plurality of fourth contact holes 
exposing the first testing bars and the second testing 
bars, respectively; 

a plurality of first connecting members formed on the pas 
sivation film and in direct contact with the first group of 
the gate lines through the plurality of first contact holes 
and the plurality of second contact holes and with the 
first testing bar through the plurality of third contact 
holes; and 

a plurality of second connecting members formed on the 
passivation film and in direct contact with the second 
group of the gate lines through the plurality of first 
contact holes and the plurality of second contact holes 
and with the second testing bar through the plurality of 
fourth contact holes. 

2. The thin film panel of claim 1, further comprising: 
a third, a fourth and a fifth testing bars formed on the 

Substrate and extending in the horizontal direction; 
a third, a fourth and a fifth connecting members formed on 

the passivation film, 
wherein the third, the fourth and the fifth connecting 
members respectively connect the data fines to the 
third, the fourth and the fifth testing bars. 

3. The thin film panel of claim 2, wherein the passivation 
film has fifth contact holes exposing the data lines, and the 
passivation film and the gate insulating film has sixth, sev 
enth and the eighth contact holes respectively exposing the 
third, the fourth and the fifth testing bars, wherein the third, 
the fourth and the fifth connecting members are respectively 
connected to the data lines through the fifth contact holes, 
and to the third, the fourth and the fifth testing bars through 
the sixth, the seventh and the eighth contact holes. 

4. The thin film panel of claim 1, further comprising a gate 
shorting bar formed on the substrate and connected to the 
gate lines. 

5. The thin film panel of claim 4, further comprising a data 
shorting bar formed on the gate insulating film and con 
nected to the data lines. 

6. The thin film panel of claim 5, wherein the data short 
ing bar is electrically connected to the gate shorting bar. 

7. The thin film panel of claim 5, wherein the data short 
ing bar is electrically connected to the gate shorting bar 

8. The thin film panel of claim 7, further comprising a data 
shorting bar formed on the gate insulating film, extending in 
the horizontal direction, located opposite the data lines with 
respect to the third, the fourth and the fifth shorting bars and 
separated from the data lines. 

9. The thin film panel of claim 8, wherein the data short 
ing bar is electrically connected to the gate shorting bar. 

10. The thin film panel comprising: 
a plurality of gate lines formed on the Substrate and 

extending in a horizontal direction; 
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a first testing bar formed on the Substrate and extending in 
the horizontal direction; 

a second testing bar formed on the Substrate substantially 
parallel to the first testing bar; 

a gate insulating film formed on the gate lines and the first 
and the second testing bars, and having comprising a 
first contact hole and a second contact hole exposing 
the first testing bar and the second testing bar, respec 
tively; 

a plurality of data lines formed on the gate insulating film, 
extending in a vertical direction, and intersecting the 
gate lines; 

a passivation film covering the data lines and the first 
testing bar and the second testing bar, and having 
comprising a third contact hole and a fourth contact 
hole on the first contact hole and the second contact 
hole, respectively, and fifth contact holes exposing the 
data lines; 

a first connecting member formed on the passivation film 
and in direct contact with a first group of the data lines 
through one of the first and the third fifth contact holes 
and with the first testing bar through the fifth first and 
the third contact hole holes; and 

a second connecting member formed on the passivation 
film and in direct contact with a second group of the 
data lines, which are not connected to the first connect 
ing member, through another one of the second and 
the fourthfifth contact holes, and with the second test 
ing bar through the fifth second and the fourth contact 
hole holes. 

11. The thin film panel of claim 10, further comprising a 
gate shorting bar formed on the Substrate and connected to 
the gate lines. 

12. The thin film panel of claim 11, further comprising a 
data shorting bar formed on the gate insulating film and 
connected to the data lines. 

13. The thin film panel of claim 12, wherein the data 
shorting bar is electrically connected to the gate shorting bar. 

14. The thin film panel of claim 10, further comprising a 
data shorting bar formed on the gate insulating film, extend 
ing in the horizontal direction, located opposite the data lines 
with respect to the first and the second shorting testing bars 
and separated from the data lines. 

15. The thin film panel of claim 14, further comprising a 
gate shorting bar formed on the Substrate, extending in the 
Vertical direction and separated from the gate lines. 

16. The thin film panel of claim 15, wherein the gate 
shorting bar is electrically connected to the data shorting bar. 

17. A manufacturing method of a thin film panel, the 
method comprising: 

depositing a metal layer on a Substrate; 
patterning the metal layer to form gate lines; 
forming a gate insulating film on the gate lines; 
forming data lines and a first and a second shorting bars 

for testing the gate lines on the gate insulating film; 
depositing a passivation film; 
etching the passivation film and the gate insulating film to 

form first contact holes and a second contact hole and a 
third contact holes hole respectively exposing the gate 
lines and the first and the second shorting bars; 

depositing a conductive layer; and 
patterning the conductive layer to form a pixel electrode, a 

first connecting member connected to one of the gate 
lines and the first shorting bar through one of the first 
contact holes and the second contact holes, and a sec 
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ond connecting member connected to another One of 
the gate line lines and the second shorting bar through 
another one of the first contact holes and the third con 
tact holes. 

18. The manufacturing method of a thin film panel of 
claim 17, further comprising forming a third gate shorting 
bar for electrostatic discharge protection connected to the 
gate lines by patterning the metal layer. 

19. The manufacturing method of a thin film panel of 
claim 18, further comprising disconnecting the third gate 
shorting bar from the gate lines after forming the first and the 
second connecting members. 

20. A manufacturing method of a thin film panel, the 
method comprising: 

forming gate lines, a first, a second and a third shorting 
bars for testing data lines on a Substrate; 

forming a gate insulating film; 
depositing a metal layer on the gate insulating film; 
patterning the metal layer to form data lines; 
depositing a passivation film; 
etching the passivation film and the gate insulating film to 

form first, second, third and fourth contact holes expos 
ing the data line, the first, the second and the third 
shorting bars; 

depositing a conductive layer, and 
patterning the conductive layer to form a pixel electrode 

and connecting members, the connecting members con 
nected to the data lines through the first contact holes 
and to the first, the second and the third shorting bars 
through the second, the third and the fourth contact 
holes. 

21. The manufacturing method of a thin film panel of 
claim 20, further comprising forming a fourth data short 
ing bar for electrostatic discharge protection connected to 
the data lines by patterning the metal layer. 

22. The manufacturing method of a thin film panel of 
claim 21, further comprising disconnecting the fourth data 
shorting bar from the data lines after forming the first, the 
second and the third connecting members. 

23. A manufacturing method of a thin film panel, the 
method comprising the steps of 

forming a wire including a plurality of gate lines, a plural 
ity of data lines, a main shorting bar for electrostatic 
discharge protection which is connected to the gate 
lines and the data lines, a first and a second shorting 
bars for testing the gate lines, a third and a fourth short 
ing bars for testing the data lines, wherein the first and 
the second shorting bars are alternately connected to 
the gate lines and the third and the fourth shorting bars 
are respectively connected to the every other data lines: 

separating the main shorting bar from the gate and the 
data lines; and 

applying Voltages to the first, the second, the third and the 
fourth shorting bars for detecting defects of the data 
lines and the gate lines. 

24. The manufacturing method of a thin film panel of 
claim 23, wherein the voltages applied to the first shorting 
bar and the second shorting bar are different 

25. The manufacturing method of a thin film panel of 
claim 23, wherein the voltages applied to the third shorting 
bar and the fourth shorting bar are different 

26. The manufacturing method of a thin film panel of 
claim 23, further comprising removing the first, the second, 
the third and the fourth shorting bars after the step of apply 
ing Voltages. 
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27. A thin film panel comprising: 
a plurality of first signal lines transmitting first signals and 

extending in a direction Substantially parallel to each 
other; 

a plurality of second signal lines transmitting second sig 
nals and extending Substantially parallel to the first sig 
nal lines; 

a first testing bar located near one ends of the first signal 
lines; 

a second testing bar located near one ends of the second 
signal lines, Substantially parallel to the first testing bar, 
and separated from the first testing bar; 

a plurality of first conductive extensions connected 
between the first testing bar and the first signal lines, 
respectively; and 

a plurality of second conductive extensions connected 
between the second testing bar and the second signal 
lines, respectively, 

wherein the first and the second conductive extensions 
have cutouts for electrical disconnection. 
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28. The panel of claim 27, wherein the first testing bar is 

located opposite the first and the second signal lines with 
respect to the second testing bar. 

29. The panel of claim 28, wherein the first and the second 
signal lines and the first and the second conductive exten 
sions include comprise a first layer, and the first and the 
second testing bars include comprise a second layer differ 
ent from the first layer. 

30. The panel of claim 29, further comprising: 
a plurality of first connecting members connecting the 

first conductive extensions and the first testing bar, and 
a plurality of second connecting members connecting the 

second conductive extensions and the second testing 
bar, 

wherein the first and the second connecting members 
include comprise a third layer different from the first 
and the second layer. 


