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(57) ABSTRACT

A driving circuit of a liquiad crystal display panel includes a
substrate, a plurality of driver IC chips located on the sub-
strate, a current supplier, and a first conductive wire set. The
first conductive wire set has a plurality of conductive wire
segments for connecting the driver IC chips 1n parallel to the
current supplier. Furthermore, the conductive wire segments
cach have a form, such that paths formed of the conductive
wire segments from the current supplier to the respective
driver I1C chips have an equal resistance, and, accordingly,
cach of the driver IC chips obtain the same mmput voltage.
Hence, a problem of band mura 1s avoided.

27 Claims, 9 Drawing Sheets
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DRIVING CIRCUIT OF A LIQUID CRYSTAL
DISPLAY PANEL

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; a claim printed with strikethrough indi-
cates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CROSS REFERENCE TO RELATED
APPLICATIONS

This [patent application] is a reissue of U.S. Pat. No. 7,667,

245, issued on Feb. 23, 2010, filed as U.S. patent application
Ser. No. 12/332,346, filed on Dec. 11, 2008, which 1s a d1vi-

sional application of and claims priority to U.S. patent appli-
cation Ser. No. 11/161,988, filed on Aug. 24, 2005, [and

entitled “Driving circuit of a liquid crystal display panel”]}
now U.S. Pat. No. 7,479,666, issued on Jan. 20, 2009, the
entire contents of which are incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a driving circuit of a liquid
crystal display panel, and more particularly to a driving cir-
cuit, 1n which the drniver IC chips each obtain an approxi-
mately 1dentical input voltage.

2. Description of the Prior Art

A thin film transistor liquid crystal display (TFT-LCD)
panel utilizes many thin film transistors (TFTs), in conjunc-
tion with other elements such as capacitors and bonding pads,
arranged 1n a matrix as switches for driving liquid crystal
molecules to produce brilliant images. Generally, the conven-
tional TFT-LCD panel includes an upper substrate having a
color filter, a lower substrate, and liquid crystal materials
between the substrates. The lower substrate comprises a plu-
rality of scan lines (gate lines) and a plurality of signal lines
(source lines) orthogonally cross over the scan lines. At least
one TFT 1s located near the crossover of the scan line and the
signal line, as a switch device for the pixel.

Please refer to FIG. 1. FIG. 1 1s a schematic diagram
showing a structure of a conventional liquid crystal display
panel. As shown in FIG. 1, a TFT-LCD panel 10 comprises a
substrate 12 and an X-printing wiring board 14. In addition,
the TEF'T-LCD panel 10 comprises a plurality of tlexible print-
ing circuit boards (FPC) 16 for electrically connecting the
X-printing wiring board 14 and the substrate 12. Source
driver IC chips 18 are positioned on the side region of the
substrate 12 connected to the FPC 16 and electrically con-
necting to the FPC 16.

A plurality of scanning lines S,, S,, . . ., and S_ and a
plurality of signal lines D,, D, ..., and D _ are positioned on
the substrate 12. The scanning lines S,, S,, . . ., and S
orthogonally cross over the signal lines D,, D, ...,and D, to
define a pixel matrix (not shown) 1n an active region 19 on the
substrate 12. In addition, the substrate 12 further comprises
an outer lead bonding region (OLB) 20 and a gate driving
circuit 22 positioned 1n the OLB 20. The gate driving circuit
22 comprises driver 1C chips 22a and 22b, for outputting
switch/addressing signals to the scanning lines S, S,, . . .,
and S . The source driver IC chips 18 are used for outputting
image data signals to the signal lines D, D,,...,and D_. The
driver IC chips 18, 22a, and 22b are formed on the surface of
the substrate 12 by chip-on-glass (COG) technology. The
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driving circuit 22 comprises a plurality of conductive wires 24
tfor electrically connecting the driver IC chips 22a and 22b 1n

series. The conductive wires 24 are formed directly on the
surface ol the substrate 12, and such design is called wiring on
array (WOA).

When the liquid crystal display panel 10 1s operated, a
driving voltage for a controlling signal 28 1s output from the
X-printing wiring board 14, as shown in FIG. 1, passes
through the FPC 16 and the conductive wires 24, and inputs to
the driver IC chips 22a and 22b. Finally, the driver IC chips
22a and 22b output switch/addressing signals to the scanning
lines S,, S,,...,and S _ according to the input voltage. In
addition, as shown 1n FIG. 2, the driver I1C chips 22a and 22b
are electrically connected in series. Since the conductive
wires 24 produce resistances R, and R, the driver IC chip 22a
has an 1nner resistance R, and contact points of the elements
produce resistances R, R, and R, there 1s a relatively large
total resistance.

The width of the conductive wires 1s broadened as wide as
possible to reduce the resistance in traditional wiring tech-
niques. The conductive wires connect ICs from the first IC to
the last IC 1n series. However, the interface impedance
between metal lines and I'TO layer may be as high as 200€2.
Thus, the difference of the wiring resistance between the first
IC and the wiring resistance of the last IC will be as high as
500L2. Therefore, the driver 1C chips 22a and 22b receive
different 1mput voltages when a voltage of the controlling
signal 28 1s applied to them, and in turn the output voltages
from the driver IC chips 22a and 22b are different. The
received voltage difference between the first IC and the last IC
may be about 0.3V which leads the liquid crystal display
panel 10 to have a band mura problem and an uneven bright-
ness, resulting a poor display quality. As shown in FIG. 3, the
display 30 1s schematically shown to have a band mura.

Please refer to FIG. 4 illustrating a well known method to
inhibit the band mura by adding a resistor 31 at the signal
input position on the printed circuit board, such that an input
signal would have an oscillating distortion with an amplitude
larger than the voltage difference caused by the wiring imped-
ance to obscure the band mura phenomenon. However, the
power consumption of the entire driving circuit would be
increased 1n such method.

Therefore, a good driving circuit of a liquid crystal display
panel 1s still needed for giving each driver 1C chip an approxi-
mately 1dentical input voltage to avoid band mura phenom-
enon.

SUMMARY OF THE INVENTION

An object of the claimed 1nvention 1s to provide a driving
circuit of a liquid crystal display panel, such that band mura
caused by different input voltages on the driver 1C chips can
be avoided.

The driving circuit of a liquid crystal display panel accord-
ing to the claimed invention comprises a substrate, a plurality
of driver IC chips positioned on the substrate, a current sup-
plier, and a first conductive wire set. The first conductive wire
set comprises a plurality of conductive wire segments for
connecting the driver IC chips 1n parallel to the current sup-
plier. The conductive wire segments each have a form, such
that paths formed of the conductive wire segments from the
current supplier to the respective driver IC chips have an equal
resistance and each of the driver 1C chips obtain a same input
voltage.

With respect to another aspect of the present invention, the
driving circuit of a liquid crystal display panel according to
the present mvention comprises a substrate, a plurality of
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driver IC chips positioned on the substrate, a current supplier,
and a first conductive wire set comprising a conductive wire
tor electrically connecting the driver IC chips 1n parallel to the
current supplier.

In the driving circuit according to the claimed invention, a
plurality of driver IC chips are electrically connected to a
current supplier in a parallel layout. Each conductive wire
segment may further have a designed shape such that the
resistance of each conductive path from the driver 1C chip to
the current supplier 1s almost 1dentical, and therefore, each of
the driver IC chips obtains an identical mput voltage, to
resolve the problem of band mura. In addition, the power
consumption will not be accordingly increased. The display
quality of liquid crystal display panel 1s hence improved.

These and other objectives of the present mnvention will no
doubt become obvious to those of ordinary skill 1n the art after
reading the following detailed description of the preferred
embodiment that 1s 1llustrated 1n the various figures and draw-
Ings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing a structure of a
conventional liquid crystal display panel.

FIG. 2 1s a schematic diagram showing resistances pro-
duced 1 a driving circuit of a conventional liquid crystal
display panel.

FIG. 3 1s a schematic diagram showing a band mura in a
conventional liquid crystal display panel.

FIG. 4 1s a schematic diagram showing a conventional
technique to resolve a band mura problem.

FI1G. 5 1s a schematic diagram showing a driving circuit of
a liquid crystal display panel according to the present mven-
tion.

FIG. 6 1s a schematic diagram showing a driving circuit of
a liquid crystal display panel of one embodiment according to
the present invention.

FIG. 7 1s a schematic diagram showing a structure of a
conductive wire set 1n the driving circuit of a liquad crystal
display panel according to the present invention.

FI1G. 8 15 a table showing an example of the conductive wire
segment A, B, and C combination 1n the present invention.

FIG. 9 1s a table showing another example of the conduc-

tive wire segment A, B, and C combination 1n the present
invention.

DETAILED DESCRIPTION

Please refer to FIG. 5. FIG. 5 1s a schematic diagram
showing a driving circuit of a liqud crystal display panel
according to the present invention. As shown in FIG. 5, the
driving circuit 32 of a liquid crystal display panel according to
the present invention comprises a TFT substrate 33, two
driver IC chips 34 and 36 positioned on the TET substrate 33,
a current supplier 42, and a conductive wire set 40 for con-
necting the driver IC chips 34 and 36 1n parallel to the current
supplier 42.

The conductive wire set 40 comprises a plurality of con-
ductive wire segments. The form of each conductive wire
segment 1s not particularly limited, as long as 1t can be laid out
on the substrate and has the desired resistance such that driver
IC chips arranged in parallel can each obtain an approxi-
mately 1dentical mnput voltage. In FIG. 3, the conductive wire
set 40 comprises a main wire segment 38 and two branch wire
segments 39a and 39b. One end of the main wire segment 1s
connected to the current supplier 42, and each of the branch
wire segments 39a and 39b respectively connects the other
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end of the main wire segment 38 with one of the dniver IC
chips 34 and 36. Although the conductive wire segments are
called as “main” or “branch”, the shape or size, for example,
length, width, or thickness, 1s not formed as being principal or
subsidiary, as long as the conductive wire segments can con-
nect each of the driver IC chips 34 and 36 1n parallel to the
current supplier. Therefore, the shape or size of conductive
wire segments may have many variations and combinations
that result in paths from the current supplier 42 to the driver IC
chip 34 and from the current supplier 42 to the driver IC chip
36, having an approximately identical resistance. That is, the
voltage drops for the respective paths from the current sup-
plier 42 to the driver IC chips 34 and 36 should be approxi-
mately i1dentical, thereby each driver IC chip can obtain a
substantially identical input voltage.

The conductive wire may comprise conductive material,
such as, metal, alloy, or indium tin oxide (ITO). The metal or
alloy may be, but not limited to, aluminum, chromium,
molybdenum, aluminum-neodymium (AINd), and the like.

Please refer to FIG. 6 showing an application of the driving,
circuit according to the present invention to a liquid crystal
display panel 43. The liquid crystal display panel 43 com-
prises a substrate 33 and a printed circuit board 44. A plurality
of scanning lines S,, S,, ..., and S, and a plurality of signal
lines D,, D,, ..., and D _ are positioned on the substrate 33,
m and n being a positive integer, to define a pixel matrix (not
shown) 1n an active region 35 on the substrate 33. In addition,
the substrate 33 further comprises an OLB 37 and gate driver
IC chips 34 and 36 and conductive wire sets 40 and 50 on the
OLB 37. The liquid crystal display panel 43 further comprises
a plurality of flexible printed circuit board (FPC) 46 for elec-
trically connecting the printed circuit board 44 and the sub-
strate 33. Source driver IC chips 48 are positioned on the OLB
377 at the side of the substrate 33 connecting with the FPC 46.
Current 1s output by a current supplier from the printed circuit
board 44 and passes to the FPC 46.

The conductive wire set may be fabricated simultaneously
with the fabrication of scanning lines on the substrate and
comprise a same material as the scanning lines, fabricated
simultaneously with the fabrication of signal lines on the
substrate and comprise a same material as the signal lines, or
tabricated simultaneously with the fabrication of pixel elec-
trodes on the substrate and comprise a same material as the
pixel electrodes. When the wires are used for conducting gate
driver IC chips, it 1s preferably that the wires are fabricated
simultaneously with the fabrication of scanning lines and
comprise a same material as the scanning lines for conve-
nience and having a relatively small resistance.

Please refer to FIG. 6 again. The driving circuit of a liquad
crystal display panel according to the present invention may
comprise a plurality of conductive wire sets, for example, two
conductive wire sets 40 and 50. The conductive wire set 40 1s
described in detailed 1n the above description. The conductive
wire set 50 1s disposed 1n a similar way to the conductive wire
set 40 and comprises a plurality of conductive wire segments,
independent of the conductive wire set 40. The conductive
wire set 50 may be the same as or different from the conduc-
tive wire set 40. The conductive wire set 50 must connect the
driver IC chips 34 and 36 1n parallel to the current supplier 42
and allow voltage drops for the respective paths from the
current supplier 42 to the driver IC chips 34 and 36 to be
approximately identical. Therefore, the shape or size of con-
ductive wire segments may have many variations and combi-
nations. In the embodiment shown by FIG. 6, the conductive
wire set 40 may be set to carry an on-state current and the
conductive wire set 30 may be set to carry an off-state current.
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It 1s known that the resistance of a conductive wire 1s
proportional to the length of the conductive wire per se, and
inversely proportional to the cross section area of the conduc-
tive wire. Accordingly, the resistance of a conductive wire can
be obtained by a simulative calculation. Therefore, 1n the
present mvention, for a predetermined resistance, there are
may combinations for the shapes, such as the length, width,
and thickness, ol conductive wire segments 1n the conductive
wire set to approach the desired resistance. Please refer to
FIG. 7 showing a structure of a conductive wire set in the
driving circuit of a liquid crystal display panel of an embodi-
ment according to the present invention. The conductive wire
set comprises conductive wire segments A, B, and C. One end
of the conductive wire segment B connects to the conductive
wire segment A and the other end connects to the driver IC
chip 34. One end of the conductive wire segment C connects
to the conductive wire segment A and the other end connects
to the driver IC chip 36. Two examples of possible combina-
tions for the length, width, thickness and material for conduc-
tive wire segments A, B, and C are shown 1n tables in FIGS. 8
and 9, respectively. As the combinations of the conductive
wire segments shown 1n the tables, they are suitable to be a
conductive wire set for THT on-state voltage (V) or off-state
voltage (V __) transmission.

Furthermore, the present mvention 1s not limited to the
above-mentioned driving circuit for outputting switch/ad-
dressing signals to the scanning lines, and a driving circuit for
outputting image information signals to the signal lines 1s also
encompassed.

As compared to the conventional method, in which a resis-
tor 1s added at the signal mput position on the printed circuit
board to make the mput signal to have an oscillating distortion
to resolve the band mura phenomenon, in the present mnven-
tion, an additional resistor 1s not needed, thus the power
consumption 1s not increased. In the present mnvention, the
resistance existing on the wiring path from each driver IC chip
to the current supplier 1s approximately identical, thus each
driver 1C chip recetves an approximately 1identical voltage to
avold the band mura problem and the display quality 1is
improved.

Those skilled 1n the art will readily observe that numerous
modifications and alterations of the device and method may
be made while retaining the teachings of the invention.
Accordingly, the above disclosure should be construed as
limited only by the metes and bounds of the appended claims.

What 1s claimed 1s:

1. A driving circuit of a liquid crystal display panel, com-
prising:

a substrate;

a plurality of driver I1C chips positioned on the substrate;

a current supplier; and

a first conductive wire set comprising [a] conductive wire

[for] paths electrically connecting each of the plurality
of driver IC chips in parallel to the current supplier,
wherein each conductive wire path electrically connect-
ing one of the plurality of IC chips in parallel to the
currvent supplier has approximately equal resistance,
wherein a first of the conductive wire paths electrically
connecting a first IC chip to the currvent supplier com-
prises a first wire segment and a second wire segment,
and wherein a second of the conductive wire paths elec-
trically connecting a second IC chip to the current sup-
plier comprises the first wive segment and a third wire
segment.

2. The driving circuit of claim 1, wherein the conductive
wire [and the driver IC chips are electrically connected by]
paths comprise a plurality of conductive wire segments, and
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each conductive wire segment of the plurality of conductive
wire segments [each have] ias a form, such that [paths
formed of the conductive wire segments from the current
supplier to the respective driver IC chips each have an equal
resistance and] each ofthe plurality of driver IC chips [obtain]
obtains a same mput voltage from the curvent supplier.

3. The drniving circuit of claim 1, wherein the first conduc-
tive wire set comprises a metal layer, alloy layer, or indium tin
oxide (ITO) layer.

4. The drniving circuit of claim 1, wherein the substrate
turther comprises a plurality of scanning lines and a plurality
of signal lines.

5. The driving circuit of claim 4, wherein the plurality of
driver 1C chips are configured to output switch/addressing
signals to the plurality of scanning lines.

6. The driving circuit of claim 4, wherein the plurality of
driver 1C chips are configured to output image information
signals to the plurality of signal lines.

7. The driving circuit of claim 4, wherein the first conduc-
tive wire set comprises a same material as the plurality of
scanning lines.

8. The driving circuit of claim 4, wherein the first conduc-
tive wire set comprises a same material as the plurality of
signal lines.

9. [The] 4 driving circuit of [claim 1] a liquid crystal
display panel, [further comprisesl] comprising:

a substrate;

a plurality of driver IC chips positioned on the substrate;

a current supplier;

a first conductive wire set arrvanged to electrically connect

a first of the plurality of driver IC chips to the current
supplier, the first conductive wire set comprising a first
wire segment and a second wire segment,; and
a second conductive wire set [comprising a conductive
wire for] arranged to electrically [connecting] connect a
second of the plurality of driver IC chips [in parallel] to
the current supplier, the second conductive wire set com-
prising the first wire segment and a thivd wire segment,

wherein the second wire segment has a length and a cross
section that ave different than a length and a cross sec-
tion of the third wire segment such that the first conduc-
tive wire set and the second conductive wire set have
approximately equal resistance.

10. The driving circuit of claim 9, wherein [the conductive
wire included in the second conductive wire set and each of
the driver IC chips are electrically connected by a conductive
wire segment, and] the first, second, and third conductive
wire segments each have a form, such that [paths formed of
the second conductive wire segments from the current sup-
plier to the respective driver IC chips have an equal resistance
and] each of the plurality of driver 1C chips [obtain] obtains a
same 1nput voltage.

11. The driving circuit of claim 9, wherein the first and
second conductive wire [set carries] sets carry at least one of
a thin film transistor on-state current and [the second conduc-
tive wire set carries] a thin film transistor off-state current.

12. The driving circuit of claim 9, wherein the second
conductive wire set comprises a metal layer, alloy layer, or
indium tin oxide (ITO) layer.

13. The driving circuit of claim 9, wherein the substrate
turther comprises a plurality of scanning lines and a plurality
of signal lines.

14. The driving circuit of claim 13, wherein the plurality of
driver 1C chips are configured to output switch/addressing
signals to the plurality of scanning lines.
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15. The driving circuit of claim 13, wherein the plurality of
driver 1C chips are configured to output image information
signals to the plurality of signal lines.

16. The dniving circuit of claim 13, wherein the second
conductive wire set comprises a same material as the plurality
of scanning lines.

17. The drniving circuit of claim 13, wherein the second
conductive wire set comprises a same material as the plurality
of signal lines.

18. A driving circuit of a liguid crystal display panel,
COmprising:

a substrate;

a current supplier;

a first driver IC chip positioned on the substrate; and

a second driver IC chip positioned on the substrate,

whevrein the first and second driver IC chips arve electrically

connected to the curvent supplier in parallel via a first
wire set electrically connecting the first driver IC chip
and the second driver IC chip to the current supplier in
parallel, and a second wire set electrically connecting
the first driver 1C chip and the second dviver IC chip to
the curvent suppliev in parallel,

whevrein the first wire set is physically distinct from the

second wire set, and

whevrein the first wirve set is configured to carry a first

current to each of the first and second driver IC chips,
wherein the second wire set is configured to carry a
second currvent to each of the first and second driver IC
chips, and wherein the first curvent is different from the
second current.

19. The driving circuit of claim 18, wherein at least one of
the first and second wire sets comprises a first electrical
connection from the curvent supplier to the first driver IC chip
and a second electrical connection from the current supplier
to the second drviver IC chip, and wherein the first electrical
connection is configured to provide the first driver IC chip
with a first input voltage and the second electrical connection
is configured to provide the second driver IC chip with a
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second input voltage that is substantially the same as the first

input voltage.

20. The driving circuit of claim 18, wherein at least one of
the first and second wire sets comprises a first electrical
connection from the current supplier to the first driver IC chip

and a second electrical connection from the current supplier

to the second drviver I1C chip, and wherein the first electrical
connection has a first electrical vesistance and whervein the
second electrical connection has a second electrical rvesis-
tance that is substantially the same as the first electrical
resistance.
21. The driving circuit of claim 18, wherein:
at least one of the first and second wire sets comprises a
first electrical connection from the curvent supplier to
the first dviver IC chip and a second electrical connec-
tion from the current supplier to the second driver IC
chip;
the first electrical connection comprises a main wire seg-
ment and a first branch wire segment; and
the second electrical connection comprises the main wire
segment and a second branch wive segment.
22. The driving circuit of claim 18, wherein the substrate
comprises a plurality of scanning lines and a plurality of
signal lines.
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23. The driving circuit of claim 22, wherein the first driver
IC chip and the second driver IC chip ave each configured to
output signals to one or more of the plurality of scanning
[ines.

24. The driving circuit of claim 18, wherein:

the first wire set comprises a first electrical connection

from the current supplier to the first dviver IC chip and a
second electrical connection from the curvent supplier

to the second driver IC chip;
the second wire set comprises a thivd electrical connection

from the current supplier to the first dviver IC chip and a
Jourth electrical connection from the curvent supplier to
the second driver IC chip;

the first electrical connection is configured to provide the
first driver IC chip with a first input voltage;

the second electrical connection is configured to provide
the second driver IC chip with an input voltage that is
substantially the same as the first input voltage;

the third electrical connection is configured to provide the
first driver IC chip with a second input voltage,; and

the fourth electrical connection is configured to provide the
second driver IC chip with an input voltage that is sub-
stantially the same as the second input voltage.

25. The driving circuit of claim 18, wherein:

the first wire set comprises a first electrvical connection
from the current supplier to the first driver IC chip and a
second electrical connection from the current supplier
to the second driver IC chip;

the second wire set comprises a thivd electrical connection
from the current supplier to the first driver IC chip and a
Jourth electrical connection from the current supplier to
the second driver IC chip;

the first electrical connection has a first electrical rvesis-
lance;

the second electrical connection has an electrical resis-
tance that is substantially the same as the first electrical
resistance;

the third electrical comnection has a second electrical
resistance; and

the fourth electrical connection has an electrical vesis-
tance that is substantially the same as the second elec-
trical vesistance.

26. The driving circuit of claim 18, wherein.

the first wire set comprises a first electrical connection
from the current supplier to the first driver IC chip and a
second electrical connection from the curvent supplier
to the second driver IC chip;

the second wirve set comprises a thivd electrical connection
from the current supplier to the first driver IC chip and a
Jourth electrical connection from the curvent supplier to
the second driver IC chip;

the first electrical connection comprises a first main wire
segment and a first branch wire segment,

the second electrical connection comprises the first main
wire segment and a second branch wire segment;

the thivd electrical connection comprises a second main
wire segment and a third branch wire segment; and

the fourth electrical connection comprises the second main
wire segment and a fourth branch wire segment.

27. The driving circuit of claim 18, wherein the first current

is an on-state current and the second current is an off-state
curvent.
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