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(57) ABSTRACT

A LOG-type liquid crystal display device includes a picture
display area having liquid crystal cells arranged at crossings
of gate lines and data lines, gate driver integrated circuits for
driving the gate lines are mounted on gate tape carrier
packages, data driver integrated circuits for driving the data
lines are mounted on data tape carrier packages, line-on-
glass type signal lines arranged at an outer portion of the
picture display area for applying driving signals to the gate
drive integrated circuits. A voltage difference compensating
means is connected to each of the gate driver integrated
circuits to compensate for voltage differences between the
driving signals according to line resistance differences
between the line-on-glass type signal lines.
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LIQUID CRYSTAL DISPLAY OF LINE-ON-GLASS
TYPE

[0001] This application claims the benefit of Korean
Patent Application No. 2001-81802, filed on Dec. 20, 2001,
which is hereby incorporated by reference for all purposes as
if fully set forth herein.

BACKGROUND OF THE INVENTION
[0002] 1. Field of the Invention

[0003] The present invention relates to liquid crystal dis-
plays, and more particularly to line-on-glass (LOG)-type
liquid crystal displays capable of compensating for signal
voltage differences between gate driver integrated circuits
due to intrinsic line resistances of LOG-type patterns on
liquid crystal display panels.

[0004] 2. Description of the Related Art

[0005] Generally, liquid crystal displays (LCDs) use an
electric field to control light transmittance characteristics of
liquid crystal material. Accordingly, LCDs typically include
a liquid crystal display panel having a plurality of liquid
crystal cells arranged in a matrix pattern and a driving circuit
for driving the liquid crystal cells to display a picture on the
liquid crystal display panel.

[0006] The liquid crystal cells are arranged on the liquid
crystal display panel at locations where gate lines are found
to cross data lines. Electric fields may be applied to the
liquid crystal material by pixel and common electrodes
arranged in the liquid crystal display panel. Each pixel
electrode is connected to any one of data lines via source and
drain electrodes of switching devices such as thin film
transistors. Gate electrodes of each thin film transistor are
connected to corresponding gate lines, thereby allowing
pixel voltage signals to be applied to each of the pixel
electrodes of each gate line.

[0007] The driving circuit includes a gate driver for driv-
ing the gate lines, a data driver for driving the data lines, a
timing controller for controlling the gate and data drivers,
and a power supply for supplying driving voltages used in
driving the LCD. The timing controller controls the gate and
data drivers by controlling a driving timing of the gate and
data drivers and applying pixel data signals to the data
driver. Driving voltages generated by the power supply
include common (Vcom), gate high (Vgh), gate low (Vgl)
voltages, etc. The gate driver sequentially applies scanning
signals to the gate lines, thereby sequentially driving the
liquid crystal cells on the liquid crystal display panel one
gate line at a time. The data driver applies data voltage
signals to each of the data lines whenever a gate line receives
a gate signal. Accordingly, LCDs control light transmittance
characteristics of liquid crystal material using electric fields
applied between pixel and common electrodes in accordance
with pixel voltage signals specific to a liquid crystal cell.

[0008] Data and gate drivers are directly connected to the
liquid crystal display panel and are provided as a plurality of
integrated circuits (ICs). Each of the gate driver ICs and data
driver ICs are mounted to the liquid crystal display panel
using tape carrier package (TCP) or chip on glass (COG)
techniques. Further TCP-type gate and data driver ICs are
connected to the liquid crystal display panel via a tape
automated bonding (TAB) technique.
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[0009] TCP-type gate and data driver ICs, connected to
the liquid crystal display panel by the TAB technique,
receive control signals and direct current (DC) voltage
signals transmitted over signal lines provided on a printed
circuit board (PCB). For example, data driver ICs are
connected to each other in series, via signal lines mounted
on a data PCB, receive control signals from the timing
controller, and receive pixel data signals and driving volt-
ages from the power supply. Gate driver ICs are connected
to each other in series, via signal lines mounted on a gate
PCB, receive control signals from the timing controller, and
receive driving voltages from the power supply.

[0010] COG-type gate and data driver ICs are connected
to each other via signal lines formed using a line-on-glass
(LOG) technique. Mounted on a lower glass substrate of the
liquid crystal display panel, the signal lines formed using the
LOG technique receive control signals from the timing
controller and power supply and driving voltages from the
power supply.

[0011] Even when the various driver ICs are connected to
liquid crystal display panels via the TAB technique, the LOG
technique is typically adopted to eliminate the PCB and
provide a thinner overall liquid crystal display. For example,
signal lines connecting the gate driver ICs are relatively
small and are provided directly on the liquid crystal display
panel. Accordingly, gate driver ICs are connected to the
liquid crystal display via the TAB technique, connected to
each other in series via signal lines mounted on a lower glass
substrate of the liquid crystal display panel, and receive
control and driving voltage signals (i.e., gate driving sig-
nals).

[0012] Referring to FIG. 1, liquid crystal displays includ-
ing LOG signal lines (e.g., formed without the gate PCB)
typically include a liquid crystal display panel 1, a plurality
of data TCPs 8 connected between a first side of the liquid
crystal display panel 1 and a data PCB 12, a plurality of gate
TCPs connected to a second side of the liquid crystal display
panel 1, data driver ICs 10 mounted on the data TCPs 8, and
gate driver ICs 16 mounted on the gate TCPs 14.

[0013] The liquid crystal display panel 1 includes a lower
substrate 2 supporting signal lines and a thin film transistor
array, an upper substrate 4 supporting a color filter array, and
a layer liquid crystal material injected between the lower and
upper substrates 2 and 4, respectively. The liquid crystal
display panel 1 further includes a picture display area 21
having liquid crystal cells arranged where gate lines 20 and
data lines 18 cross each other. The data driver ICs 10 convert
digital pixel data signals into analog pixel voltage signals
and apply the analog pixel voltage signals to the data lines
18.

[0014] Data pads and gate pads (not shown) are arranged
at respective ends of the data and gate lines 18 and 20 at an
outer portion of the lower substrate 2, outside the picture
display area 21. An LOG signal line group 26 is positioned
within the outer area and transmits gate driving signals to the
gate driver ICs 16.

[0015] Data TCPs 8 include input pads 24 and output pads
25 for electrically connecting the data driver IC 10 mounted
thereon to the data PCB 12 and the data lines 18. The input
pads 24 of the data TCP 8 are electrically connected to the
output pads of the data PCB 12 while the output pads 25 of
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the data TCP 8 are electrically connected to the data pads
arranged on the lower substrate 2. A first data TCP 8 is
further provided with a gate driving signal transmission
group 22. The gate driving signal transmission group 22
electrically connects the LOG signal line group 26 to the
timing controller and power supply via the data PCB 12.

[0016] Each of the gate TCPs 14 includes a gate driving
signal transmission line group 28 and output pads 30 elec-
trically connecting the gate driver ICs 16 mounted thereon
to the LOG signal line group 26 and the gate lines 20,
respectively. Accordingly, the output pads 30 are electrically
connected to the gate pads arranged on the lower substrate
2.

[0017] Each gate driver IC 16 sequentially applies a
scanning signal (e.g., a gate high voltage signal (Vgh)) to
each of the gate lines 20 in response to inputted control
signals. Further, the gate driver ICs 16 apply a gate low
voltage signal (Vgl) to each of the gate lines 20 that do not
receive the gate high voltage signal (Vgh).

[0018] The LOG signal line group 26 typically consists of
signal transmission lines and transmits direct current (DC)
voltage signals (e.g., gate high voltage (Vgh), gate low
voltage (Vgl), common voltage (Vcom), ground voltage
(GND), supply voltage (Vcc) signals, etc.) and gate control
signals (e.g., gate start pulse (GSP), gate shift clock (GSCO),
gate enable (GOE) signals, etc.).

[0019] Referring now to FIG. 2, individual signal trans-
mission lines within the LOG signal line group 26 are
arranged in a fine parallel pattern and are provided within a
narrow space, similar to a space where signal lines in gate
and data pads are positioned at outer portions of the picture
display area 21. Signal transmission lines within the LOG
signal line group 26 are formed of the same metal as the gate
metal layer and are arranged on the lower substrate 2. Gate
insulating and protective films 34 and 36, respectively, are
disposed over the LOG signal line group 26. Being formed
from the same material as the gate metal, signal transmission
lines within the LOG signal line group 26 typically have a
resistivity of 0.046 and are formed simultaneously with the
gate lines 20. Thus, the LOG signal line group 26 has a
larger resistance than signal lines, typically made of a
material such as copper, formed in the gate PCB. As
resistance values of signal transmission lines within the
LOG signal line group 26 are proportional to their lengths,
the resistance of signal transmission lines increases as the
distance from the data PCB 12 increases. Accordingly, gate
driving signals, transmitted via the LOG signal line group
26, become attenuated, their voltage values become dis-
torted, and the quality of pictures capable of being displayed
on the liquid crystal display becomes deteriorated.

[0020] For example, distortion of the gate low voltage
signal (Vgl) transmitted through the LOG signal line group
26 affects the picture quality displayed within the picture
display area 21. Gate low voltage signals (Vgl) maintain the
pixel voltage charged within the liquid crystal cell between
intervals when the gate high voltage (Vgh) is charged within
the pixel. Accordingly, as the gate low voltage signal is
distorted, the pixel voltage within the liquid crystal cell
becomes distorted.

[0021] Referring still to FIG. 2, LOG gate low voltage
transmission lines VGLL, arranged within the LOG signal
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line group 26, supply the gate low voltage (Vgl) and include
first to fourth LOG gate low voltage transmission lines
VGLLL1 to VGLLA. The first to fourth LOG gate low voltage
transmission lines VGLL1 to VGLIL4 electrically connect
the first data TCP 8 and first to fourth gate TCPs 14A to 14D,
respectively. The first to fourth LOG-type gate low voltage
transmission lines VGLL1 to VGLL4 have intrinsic line
resistance values a, b, ¢, and d, proportional to their lengths,
and are connected to each other in series via the first to
fourth gate TCPs 14A to 14D.

[0022] The line resistance values a, b, ¢, and d alter the
gate low voltages (Vgl) supplied to each gate driver IC 16.
For example, the first gate driver IC 16, mounted on the first
gate TCP 14A, is supplied with a first gate low voltage
(VGL1). The voltage value drop of the first gate low voltage
(VGLY1) is proportional to the first line resistance value a of
the first LOG gate low voltage transmission line (VGLL1).
The first gate low voltage (VGL1) is applied to gate lines at
a first horizontal line block A via the first gate driver IC 16.

[0023] The second gate driver IC 16, mounted on the
second gate TCP 14B, is supplied with a second gate low
voltage (VGL2). The voltage value drop of the second gate
low voltage (VGL2) is proportional to the first and second
line resistance values of the first and second LOG gate low
voltage transmission lines (VGLL1 and VGLL2) connected
to each other in series, a+b. The second gate low voltage
(VGL2) is applied to gate lines at a second horizontal line
block B via the second gate driver IC 16.

[0024] The third gate driver IC 16, mounted on the third
gate TCP 14C, is supplied with a third gate low voltage
(VGL3). The voltage value drop of the third gate low voltage
(VGL3) is proportional to the first, second, and third line
resistance values of the first to third LOG gate low voltage
transmission lines (VGLL1 to VGLL3) connected to each
other in series, a+b+c. The third gate low voltage (VGL3) is
applied to gate lines at a third horizontal line block C via the
third gate driver IC 16.

[0025] The fourth gate driver IC 16, mounted on the fourth
gate TCP 14D, is supplied with a fourth gate low voltage
(VGLA). The voltage value drop of the fourth gate low
voltage (VGL4) is proportional to the first to fourth line
resistance values of the first to fourth LOG gate low voltage
transmission lines (VGLL1 to VGLIL4) connected to each
other in series, a+b+c+d. The fourth gate low voltage
(VGLA) is applied to gate lines at a fourth horizontal line
block D via the fourth gate driver IC 16.

[0026] As differences between the gate low voltages
VGL1 to VGL4 applied to the gate lines via each gate driver
IC 16 occur, the brightness to which images are displayed
across the horizontal line blocks A to D becomes non-
uniform. The non-uniform brightness across horizontal line
blocks A to D induces a cross-line phenomenon (32) that
divides the screen in brightness values and thereby deterio-
rates the picture quality of the liquid crystal display.
Between the first gate driver IC 16 and the fourth gate driver
IC 16, first to fourth line resistance values a, b, ¢, and d are
added to each other. Accordingly, the first gate low voltage
(VGL1) is greater than the second gate low voltage (VGL?2),
the second gate low voltage (VGL2) is greater than the third
gate low voltage (VGL3), and the third gate low voltage
(VGL3) is greater than the fourth gate low voltage (VGLA4).

[0027] For each of the gate driver ICs 16, gate low voltage
differences such as those described above can be compen-
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sated for by providing a plurality of LOG gate low voltage
transmission lines independently connected to their corre-
sponding gate driver ICs 16 and/or by enlarging the cross-
sectional area of the signal transmission lines. However,
these compensation solutions are difficult to satisfactorily
achieve because the area in which the LOG signal line group
26 is located is not expandable and providing independently
connected LOG gate low voltage transmission lines with
enlarged cross-sectional areas within such small, confined
spaces is difficult.

[0028] Accordingly, gate low voltage differences caused
by the line resistance must be compensated for without
altering the design of the LOG gate low voltage line VGLL.

SUMMARY OF THE INVENTION

[0029] Accordingly, the present invention is directed to a
line-on-glass (LOG)-type liquid crystal display that substan-
tially obviates one or more of the problems due to limitations
and disadvantages of the related art.

[0030] An advantage of the present invention provides a
LOG liquid crystal display wherein voltage differences
between gate driver ICs, caused by a variance in line
resistances of signal transmission lines within a LOG signal
line group, is compensated for and a uniform brightness may
be expressed across horizontal line blocks on the liquid
crystal display.

[0031] Additional features and advantages of the inven-
tion 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. These 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.

[0032] To achieve these and other advantages and in
accordance with the purpose of the present invention, as
embodied and broadly described, a line-on-glass liquid
crystal display device includes a picture display area having
liquid crystal cells arranged where gate lines and data lines
cross cach other; gate driver integrated circuits, for driving
the gate lines, mounted on gate tape carrier packages; data
driver integrated circuits, for driving the data lines, mounted
on data tape carrier packages; line-on-glass (LOG) signal
lines arranged at an outer portion of the picture display area
via a line-on-glass technique for applying driving signals to
the gate driver integrated circuits; and a voltage difference
compensating means, connected to the gate drive integrated
circuits, for compensating for a voltage difference between
the driving signals according to a line resistance difference
between the LOG signal lines connected to each gate drive
integrated circuit.

[0033] In one aspect of the present invention, the voltage
difference compensating means may include gate low volt-
age difference compensating means for compensating for a
gate low voltage difference due to a difference in line
resistance between gate low voltage transmission lines,
wherein the gate low voltage transmission lines include
LOG signal lines.

[0034] In another aspect of the present invention, the gate
low voltage difference compensating means may include a
resistor arranged at a gate low voltage input terminal of a
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gate drive integrated circuit, wherein a resistance value of
the resistor corresponds to each integrated circuit.

[0035] In yet another aspect of the present invention, the
gate low voltage difference compensating means may
include a resistor arranged at an output terminal of the gate
drive integrated circuit, wherein a resistance value of the
resistor corresponds to each integrated circuit.

[0036] In one aspect of the present invention, the resistor
may be arranged at any of the input and output terminals of
the gate driver integrated circuit and have a resistance value
inversely proportional to a line resistance value of the LOG
gate low voltage transmission line connected to the gate
driver integrated circuit.

[0037] In still another aspect of the present invention, the
gate low voltage difference compensating means may
include a Zener diode arranged at a gate low voltage input
terminal of the gate driver integrated circuit.

[0038] It is to be understood that both the foregoing
general description and the following detailed description
are exemplary and explanatory and are intended to provide
further explanation of the invention as claimed.

BRIEF DESCRIPTION OF THE DRAWINGS

[0039] The accompanying drawings, which are included
to provide a further understanding of the invention and are
incorporated in and constitute a part of this specification,
illustrate embodiments of the invention and together with
the description serve to explain the principles of the inven-
tion.

[0040] In the drawings:

[0041] FIG. 1 illustrates a schematic plan view of a
line-on-glass type liquid crystal display according to the
related art;

[0042] FIG. 2 illustrates a schematic view of a cross-line
phenomenon between horizontal line blocks caused by dif-
ferences in line resistances within the line-on-glass signal
line group shown in FIG. 1;

[0043] FIG. 3 illustrates a schematic view of a line-on-
glass liquid crystal display according to one aspect of the
present invention;

[0044] FIGS. 4A to 4D illustrate enlarged views of gate
driver ICs shown in FIG. 3 according to one aspect of the
present invention;.

[0045] FIGS. 5A to 5D illustrate enlarged views of gate
driver ICs shown in FIG. 3 according to another aspect of
the present invention; and

[0046] FIG. 6 illustrates a schematic view of a line-on-
glass type liquid crystal display according to still another
aspect of the present invention.

DETAILED DESCRIPTION OF THE
ILLUSTRATED EMBODIMENTS

[0047] Reference will now be made in detail to embodi-
ments of the present invention, examples of which are
illustrated in the accompanying drawings.

[0048] FIG. 3 illustrates a schematic view of a line-on-
glass liquid crystal display according to one aspect of the
present invention.
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[0049] Referring to FIG. 3, the liquid crystal display
according to the principles of the present invention may, for
example, include a liquid crystal display panel 34, a plurality
of data TCPs 40 connected between a first side of the liquid
crystal display panel 34 and a data PCB 44, first to fourth
gate TCPs 46A to 46D connected to a second side of the
liquid crystal display panel 34, a plurality of data driver ICs
42 mounted on the data TCPs 40, and first to fourth gate
driver ICs 48A to 48D mounted on the first to fourth gate
TCPs 46A to 46D, respectively. In one aspect of the present
invention, an input terminal of each of the gate driver ICs
48 A to 48D may be provided with a compensating means for
compensating for a line resistance difference in an amount
proportional to a line length of a LOG gate low voltage
transmission line VGLL, as will be discussed in greater
detail below. The data driver ICs 42 convert digital pixel
data signals into analog pixel voltage signals and apply the
analog pixel voltage signals to data lines on the liquid crystal
display panel.

[0050] The liquid crystal display panel 34 may, for
example, include a lower substrate 36 supporting signal
lines and a thin film transistor array, an upper substrate 38
supporting a color filter array, and a layer of liquid crystal
material injected between the lower and upper substrates 36
and 38, respectively. The liquid crystal display panel 34 may
further include a picture display area 41 having a plurality of
liquid crystal cells arranged where the gate lines 52 cross a
plurality of data lines (not shown). Data pads and gate pads
may be arranged at respective ends of the data and gate lines
at an outer portion of the lower substrate 36, outside the
picture display area 41. First to fourth LOG gate low voltage
transmission lines VGLL1 to VGLLA4, for transmitting gate
driving signals applied to the gate driver ICs 48A to 48D,
may be arranged within the outer portion of the lower
substrate 36.

[0051] A first data TCP 40 may, for example, include input
and output pads for electrically connecting the data driver IC
42 mounted thereon to the data PCB 44. The input pads of
the first data TCP 40 are electrically connected to the output
pads of the data PCB 44 while the output pads of the first
data TCP 40 electrically connect the data driver IC 42 to data
pads of the lower substrate 36. In one aspect of the present
invention, the first data TCP 40 may further include a gate
driving signal transmission line group (not shown) for
electrically connecting the first LOG gate low voltage trans-
mission line VGLL1 on the lower substrate 36 to the timing
controller and power supply via the data PCB 44.

[0052] Mounted with the first to fourth gate driver ICs 48A
to 48D, the first to fourth gate TCPs 46A to 46D may be
connected to gate pads of the lower substrate 36 via output
pads of the gate driving IC 48. The first to fourth gate TCPs
46A to 46D may further include a gate driving signal
transmission line group connecting the first to fourth LOG
gate low voltage transmission lines VGLL1 to VGLIL4 and
first to fourth gate driver ICs 48A to 48D on the lower
substrate 36.

[0053] Each of the first to fourth gate driver ICs 48A to
48D may sequentially apply a scanning signal (e.g., a gate
high wvoltage signal (Vgh)) to each of the gate lines in
response to inputted control signals. Further, each of the first
to fourth gate driver ICs 48A to 48D may apply a gate low
voltage signal (Vgl) to each of the gate lines when the gate
high voltage signal (Vgh) is not applied.
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[0054] The first to fourth LOG gate low voltage transmis-
sion lines VGLL1 to VGLL4 may transmit direct current
voltage signals (e.g., gate high voltage (Vgh), gate low
voltage (Vgl), common voltage (Vcom), ground voltage
(GND), supply voltage (VCC) signals, etc.) generated by a
power supply (not shown) and also transmit gate control
signals (e.g., gate start pulse (GSP), gate shift clock (GSC),
gate enable (GOE) signals, etc.) generated by a timing
controller (not shown). First to fourth LOG gate low voltage
transmission lines VGLL1 to VGLL4 may be formed from
the same material as the gate lines 52 (e.g., metal). The first
to fourth LOG gate low voltage transmission lines VGLL1
to VGLL4 have intrinsic line resistance values proportional
to their lengths.

[0055] In order to compensate for voltage differences in
gate driving signals applied to each gate driver ICs 48A to
48D generated by an intrinsic line resistance within the first
to fourth LOG gate low voltage transmission lines VGLL1
to VGLLA4, a compensating resistor may be included within
each of the gate driver ICs 48A to 48D. For example, the
compensating resistor may be provided at the gate low
voltage input terminals of each of the first to fourth gate
driver ICs 48A to 48D, thereby improving the quality of
pictures displayed within the picture display arca 41.

[0056] In one aspect of the present invention, the first to
fourth LOG gate low voltage transmission lines VGLL1 to
VGLL4 may connect the first data TCP 40 to the first to
fourth gate TCPs 46A to 46D. The first to fourth LOG-type
gate low voltage transmission lines VGLL1 to VGLL4 have
first to fourth line resistance values, a, b, ¢, and d, propor-
tional to their individual lengths and may be connected to
each other in series via the first to fourth gate TCPs 46A to
46D. In order to prevent a gate low voltage signal (Vgl),
applied to the first to fourth gate driver ICs 48A to 48D, from
becoming differentiated due to the first to fourth line resis-
tance values of the LOG gate low voltage transmission lines
VGLLL1 to VGLLA4, a, b, ¢ and d, different compensating
resistors may be provided at the gate low voltage input
terminals of each of the first to fourth gate driver ICs 48A to
48D, in shown in FIGS. 4A to 4D. Accordingly, line
resistance values of the first to fourth LOG gate low voltage
transmission lines VGLL1 to VGLL4 may be individually
determined for each of the first to fourth gate driver ICs 48A
to 48D and compensating resistance values for each of the
compensating resistors may be provided using the largest
line resistance value (e.g., the cumulative line resistance
value a+b+c+d of the first to fourth LOG-type gate low
voltage transmission lines VGLL1 to VGLLA4) present at the
fourth gate driver IC 48D. Accordingly, referring back to
FIG. 3, a compensating resistance value for the compen-
sating resistors may be provided such that line resistance
values at each of the first to fourth gate driver ICs 48A to
48D are substantially equal.

[0057] Referring to FIG. 4A, a first compensating resistor
having, for example, a resistance value substantially equal to
the cumulative second to fourth line resistance values,
b+c+d, may be arranged on the first LOG gate low voltage
transmission line VGLL1 at the input terminal of the first
gate driver IC 48A. Thus, a gate low voltage signal (Vgl),
reduced by a predetermined amount proportional to a resis-
tance value substantially equal to a sum of the first line
resistance, a, and the resistance value of the first compen-
sating resistor, may be applied to the first gate driver [C 48A.
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Accordingly, a voltage corresponding to the gate low voltage
signal (Vgl) may be applied to the gate lines within the first
horizontal line block A via a first output pad 52A of the first
gate driver IC 48A.

[0058] Referring to FIG. 4B, a second compensating
resistor having, for example, a resistance value substantially
equal to the cumulative third and fourth line resistance
values, c+d, may be arranged on the second LOG gate low
voltage transmission line VGLL2 at the input terminal of the
second gate driver IC 48B. Thus, a gate low voltage signal
(Vgl), reduced by a predetermined amount proportional to a
resistance value substantially equal to a sum of the first and
second line resistances, a+b, and the resistance value of the
second compensating resistor, may be applied to the second
gate driver IC 48B. Accordingly, a voltage corresponding to
the gate low voltage signal (Vgl) may be applied to the gate
lines within the second horizontal line block B via a second
output pad 52B of the second gate driver IC 48B.

[0059] Referring to FIG. 4C, a third compensating resis-
tor having, for example, a resistance value substantially
equal to the fourth line resistance value, d, may be arranged
on the third LOG gate low voltage transmission line VGLL3
at the input terminal of the third gate driver IC 48C. Thus,
a gate low voltage signal (Vgl), reduced by a predetermined
amount proportional to a resistance value substantially equal
to a sum of the first, second, and third line resistances,
a+b+c, and the resistance value of the third compensating
resistor, may be applied to the third gate driver IC 48C.
Accordingly, a voltage corresponding to the gate low voltage
signal (Vgl) may be applied to the gate lines within the gate
lines at the third horizontal line block C via a third output
pad 52C of the third gate driver 1C 48C.

[0060] Referring to FIG. 4D, a fourth compensating resis-
tor having, for example, a substantially negligible resistance
value, may be arranged on the fourth LOG gate low voltage
transmission line VGLIL4 at the input terminal of the fourth
gate driver IC 48D. In one aspect of the present invention,
no resistor may be arranged at the input terminal of the
fourth gate driver IC 48D. Thus, a gate low voltage signal
(Vgl), reduced by a predetermined amount proportional to a
resistance value substantially equal to a sum of the first,
second, third, and fourth line resistances, a+b+c+d, may be
applied to the fourth gate driver IC 48D. Accordingly, a
voltage corresponding to the gate low voltage signal (Vgl)
may be applied to the gate lines within the fourth horizontal
block D via a fourth output pad 52D of the fourth gate driver
IC 48D.

[0061] As described above, first to fourth compensating
resistors may be arranged at input terminals of each of the
first to fourth gate driver ICs 48A to 48D, respectively, to
compensate for differences in line resistance that are pro-
portional to lengths of LOG gate low voltage transmission
lines. Accordingly, resistance values at each of the input
terminals of the first to fourth gate driver ICs 48A to 48D
may be substantially equalized so that substantially identical
voltages corresponding to the gate low voltage signal (Vgl)
may be applied to the gate lines via the first to fourth gate
driver ICs 48A to 48D and liquid crystal cells across
horizontal blocks A to D may express images at a substan-
tially uniform brightness.

[0062] In an alternative aspect of the present invention,
and referring to FIGS. 5A to SD, different compensating
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resistors may be provided at the output terminals of the first
to fourth gate driver ICs 54 A to 54D, thereby enabling liquid
crystal cells across horizontal blocks A to D to express
images at a substantially uniform brightness.

[0063] For example, referring to FIG. 5A, a plurality of
first compensating resistors each having, for example, a
resistance value substantially equal to the cumulative second
to fourth line resistance values, b+c+d, may be arranged on
the first LOG gate low voltage transmission line VGLLI at
a first plurality of output lines S6A of the gate driver IC 54A.
Thus, a gate low voltage signal (Vgl), reduced by a prede-
termined amount proportional to a resistance value substan-
tially equal to a sum of the first line resistance, a, and the
resistance values of the first compensating resistors, may be
applied to the gate lines within the first horizontal block A
via the first gate driver IC 54A. Accordingly, a voltage
corresponding to the gate low voltage signal (Vgl) may be
applied to the gate lines within the first horizontal block A
via a first plurality of output lines 56 A connected to the first
gate driver IC 54A.

[0064] Referring to FIG. 5B, a plurality of second com-
pensating resistors each having, for example, a resistance
value substantially equal to the cumulative third and fourth
line resistance values, c+d, may be arranged on the second
LOG gate low voltage transmission line VGLL2 at a second
plurality of output lines 56B of the second gate driver IC
54B. Thus, a gate low voltage signal (Vgl), reduced by a
predetermined amount proportional to a resistance value
substantially equal to a sum of the first and second line
resistances, a+b, and the resistance values of the second
compensating resistors, may be applied to the gate lines
within the second horizontal line block B via the second gate
driver IC 54B. Accordingly, a voltage corresponding to the
gate low voltage signal (Vgl) may be applied to the gate
lines within the second horizontal block B via a second
plurality of output lines 56B connected to the second gate
driver IC 54B.

[0065] Referring to FIG. 5C, a plurality of third compen-
sating resistors each having, for example, a resistance value
substantially equal to the fourth-line resistance value, d, may
be arranged on the third LOG gate low voltage transmission
line VGLL3 at a third plurality of output lines S6C of the
third gate driver IC 54C. Thus, a gate low voltage signal
(Vgl), reduced by a predetermined amount proportional to a
resistance value substantially equal to a sum of the first to
third line resistances, a+b+c, and the resistance values of the
third compensating resistors, may be applied to the gate lines
within the third horizontal line block C via the third gate
driver IC 54C. Accordingly, a voltage corresponding to the
gate low voltage signal (Vgl) may be applied to the gate
lines within the third horizontal block C via a third plurality
of output lines 56C connected to the third gate driver IC
54C.

[0066] Referring to FIG. 5D, a plurality of fourth com-
pensating resistors having, for example, a substantially
negligible resistance value, may be arranged on the fourth
LOG gate low voltage transmission line VGLL4 at a fourth
plurality of output lines 56D of the fourth gate driver IC
54D. In one aspect of the present invention, no resistor may
be arranged at the input terminal of the fourth gate driver IC
48D. Thus, a gate low voltage signal (Vgl), reduced by a
predetermined amount proportional to a resistance value
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substantially equal to a sum of the first to fourth line
resistances, a+b+c+d, may be applied to the gate lines at the
fourth horizontal line block D via the fourth gate driver IC
54D. Accordingly, a voltage corresponding to the gate low
voltage signal (Vgl) may be applied to the gate lines within
the fourth horizontal block D via a fourth plurality of output
lines 56D connected to the fourth gate driver IC 54D.

[0067] As mentioned above, pluralities of first to fourth
compensating resistors may be arranged at output terminals
of each of the first to fourth gate driver ICs 54A to 54D,
respectively, to compensate for differences in line resistance
that are proportional to lengths of LOG gate low voltage
transmission lines. Accordingly, substantially identical volt-
ages corresponding to the gate low voltage signal (Vgl) may
be applied to the, gate lines via the first to fourth gate driver
ICs 54A to 54D and liquid crystal cells across horizontal
blocks A to D may express images at a substantially uniform
brightness.

[0068] Referring to FIG. 6, in another aspect of the
present invention, Zener diodes ZD may be provided at gate
low voltage input terminals of each of the first to fourth gate
driver ICs 60. Accordingly, a constant gate low voltage
signal (Vgl) may be provided to each of the gate lines 20.
According to the principles of the present invention, the
Zener diode ZD maintains a constant voltage at input
terminals of the gate driver IC 60 and allows a constant gate
low voltage to be inputted to each gate driver IC 60
independently of a line resistance differences within the
LOG gate low wvoltage transmission lines. Accordingly,
substantially identical voltages corresponding to the gate
low voltage signal (Vgl) may be applied to the gate lines via
the first to fourth gate driver ICs 60 and liquid crystal cells
across horizontal blocks A to D may express images at a
substantially uniform brightness.

[0069] In accordance with the principles of the present
invention, different compensating resistors, provided for
each gate driver IC, may be arranged at input or output
terminals of each gate driver IC for the purpose of compen-
sating for a line resistance difference of LOG gate low
voltage transmission lines such that substantially identical
gate low voltage signals may be applied to each of the gate
lines within a liquid crystal display. Furthermore, a Zener
diode may be provided at input terminals of gate driver ICs
and maintain a constant voltage, thereby applying a constant
gate low voltage to gate lines independently of line resis-
tance differences of the LOG-type gate low voltage trans-
mission line, via each gate driver IC. Accordingly, substan-
tially identical voltages corresponding to the gate low
voltage signal (Vgl) may be applied to the gate lines of
horizontal blocks via a plurality of gate driver ICs and liquid
crystal cells across horizontal blocks may express images at
a substantially uniform brightness.

[0070] It will be apparent to those skilled in the art that
various modifications and variation can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.
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What is claimed is:
1. A line-on-glass liquid crystal display device, compris-
ing:

a picture display area having a plurality of liquid crystal
cells arranged at crossings of gate lines and data lines;

a plurality of gate drive integrated circuits for driving the
gate lines mounted on a plurality of gate tape carrier
packages;

a plurality of data driver integrated circuits for driving the
data lines mounted on a plurality of data tape carrier
packages;

a plurality of line-on-glass signal lines arranged at an
outer portion of the picture display area for applying
driving signals capable of driving gate driver integrated
circuits; and

voltage difference compensating means coupled to the
plurality of gate driver integrated circuits for compen-
sating for voltage differences between the applied driv-
ing signals according to differences in line resistance
between the plurality of line-on-glass signal lines con-
nected to each of the plurality of gate driver integrated
circuits.

2. The line-on-glass liquid crystal display device accord-
ing to claim 1, wherein the voltage difference compensating
means comprises a plurality of gate low voltage difference
compensating means for compensating for gate low voltage
differences caused by differences in line resistance between
gate low voltage transmission lines capable of transmitting
a gate low voltage.

3. The line-on-glass liquid crystal display device accord-
ing to claim 2, wherein the gate low voltage difference
compensating means comprises a resistor provided at gate
low voltage input terminals of the plurality of gate driver
integrated circuits, wherein a resistance value of the resistor
is unique to each of the plurality of gate driver integrated
circuits.

4. The line-on-glass type liquid crystal display device
according to claim 2, wherein the gate low voltage differ-
ence compensating means comprises a resistor provided at
output terminals of the plurality of gate driver integrated
circuits, wherein a resistance value of the resistor is unique
to each of the plurality of gate driver integrated circuits.

5. The line-on-glass type liquid crystal display device
according to claim 2, wherein a resistance value of the
resistor is inversely proportional to a line resistance value of
the line-on-glass gate low voltage transmission line con-
nected to the gate drive integrated circuit.

6. The line-on-glass liquid crystal display device accord-
ing to claim 2, wherein the gate low voltage difference
compensating means comprises a Zener diode provided at a
gate low voltage input terminal of each of the plurality of
gate driver integrated circuits.

7. A liquid crystal display, comprising:

a plurality gate lines;

a plurality of gate driver integrated circuits each con-
nected to a plurality of the gate lines;

a plurality of signal transmission lines connected to each
other in series via the plurality of gate driver integrated
circuits;
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compensating means coupled to each of the plurality of
gate driver integrated circuits for compensating for
differences in line resistance within the plurality of
signal transmission lines such that a voltage may be
uniformly applied to each of the plurality of gate lines.

8. The liquid crystal display according to claim 7, wherein
the compensating means comprises at least one compensat-
ing resistor having a resistance value corresponding to a
location of each of the plurality of gate driver integrated
circuits on the plurality of signal transmission lines.

9. The liquid crystal display according to claim 8, wherein
the at least one compensating resistor is coupled between the
plurality of gate driver integrated circuits and the plurality of
signal transmission lines.

10. The liquid crystal display according to claim 8,
wherein the at least one compensating resistor is coupled
between the plurality of gate lines and the plurality of gate
driver integrated circuits.

11. The liquid crystal display according to claim 7,
wherein the compensating means comprises a diode pro-
vided between the plurality of gate driver integrated circuits
and the plurality of signal transmission lines.

12. The liquid crystal display according to claim 11,
wherein the diode comprises a Zener diode.

13. The liquid crystal display according to claim 7,
wherein the plurality of signal transmission lines comprise
line-on-glass signal transmission lines.

14. The liquid crystal display according to claim 7,
wherein the voltage comprises a gate low voltage.

15. A liquid crystal display, comprising:

a liquid crystal display panel;

a plurality of gate lines arranged within the liquid crystal

display panel, the predetermined ones of the plurality

of gate lines being arranged within a plurality of
consecutive blocks;
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a plurality of driver circuits coupled each other in series,
each of the plurality of driver circuits being coupled to
the plurality of gate lines arranged within a correspond-
ing one of the plurality of horizontal blocks; and

a plurality of compensating means coupled to each of the
plurality of driver circuits for compensating a differ-
ence in a voltage applied to input terminals of each of
the plurality of driver circuits such that the voltage may
be uniformly applied to each of the plurality of gate
lines.

16. The liquid crystal display according to claim 15,
wherein resistance values of succeeding ones of the plurality
of compensating means incrementally increases by a prede-
termined amount.

17. The liquid crystal display according to claim 15,
further comprising a plurality of line-on-glass signal trans-
mission lines coupling the plurality of driver circuits to each
other.

18. The liquid crystal display according to claim 15,
wherein the plurality of compensating means comprises at
least one compensating resistor coupled to input terminals of
the plurality of driver circuits.

19. The liquid crystal display according to claim 15,
wherein the plurality of compensating means comprises at
least one compensating resistor coupled to output terminals
of the plurality of driver circuits.

20. The liquid crystal display according to claim 15,
wherein the plurality of compensating means comprises a
Zener diode coupled to input terminals of the plurality of
driver circuits.
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