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(57) Abstract: The present invention is directed in general
to a LCD-panel, and particularly to a LCD panel whose
gate drivers (GD) are assembled without a printed circuit
board (PCB). This technique is so called PCB-less, where
the wiring of the gate drivers (GD) is not done with
conventional printed circuit boards (PCB), but directly on
the LCD-glass. The invention is also applicable for chip
on glass (COG) technique, where the gate drivers (GD)
are directly connected to the glass wiring. To avoid the
block-dim effects, while keeping the effort and cost low, it is
proposed to add an additional line (VLclean) to each output
stage (OUTx), whereby the additional line (VLclean) is used
solely for supplying the reference potential of the storage
capacitors (Cst) of the selected gate line (GLy). All other
(unselected) gate lines are connected to the usual gate off
supply line (VL). The VLclean line is routed as a separate
track on the LCD-glass and is connected to VL supply at
the glass edge or close to the power-supply’s output.
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DISPLAY WITH REDUCED "BLOCK DIM" EFFECT

The present invention is directed in general to a display or a LCD-panel,
and particularly to a LCD-panel whose gate drivers are assembled without a printed
circuit board (PCB). This technique is so called PCB-less, where the wiring of the gate
drivers is not done with conventional printed circuit boards (PCB), but directly on the
LCD-glass. The invention is also applicable for chip on glass technique (COG).

- LCD panels have a wide application area, i.e. for mobile phones,
personal digital assistants, notebooks or TV screens.

There are new assembly technologies. Firstly the so called “PCB-less”
technique, where the wiring of the gate driver is not done with a conventional printed
circuit board (PCB), but directly on the LCD glass and the gate driver chips are
mounted on foils (chip-on foil ,COF) which are contacted to the glass wires. Secondly
the so called chip-on glass technique, where the gate drivers are directly connected to
the glass wiring.

These new assembly techniques are low-cost but have the disadvantage
that the on-glass wiring track resistance is much higher than the track resistances found
on printed circuit boards. The sheet resistance for the on glass interconnection is 100
times higher, than for the PCB- technique. This difference is due to the fact that PCB
conductors are thicker and use low-resistively material, i.e. laminated copper around 35-
um thick, compared to on-glass conductors, which uses usually vapour-deposited Al
around 0.2-pm thickness. Typical values for the track resistance between two gate
drivers are 25C for the gate off supply track and up to 100Q for tracks of other signals.
The gate off supply track (VL) supplies the OFF state voltage of the gate lines, it holds
the TFT-transistors of the non-addressed lines in the non-conducting (OFF) state.

The increase of track resistances leads to application problems, such as
the ‘block dim’ problem. The block dim problem is mainly caused by the track

resistance on gate off supply line (VL). To lower on-glass track resistance, the width of
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the tracks can be increased, but the space on the LCD-panel available for routing of all
tracks is limited. As a consequence, the gate off supply line (VL) track is made as wide
as possible, since it is the most critical, and the other tracks are thinner.

A LCD-panel for XGA-resolution typically uses 3 gate drivers with 256
output channels each. On PCB-less or COG-panels all supply lines to the gate drivers
and control signals are routed from one LCD-panel corner to the gate drivers on the
active plate of the LCD-panel. As a consequence, the track resistance, which is relevant
for the third gate driver is about 3 times higher than the track resistance for the first gate
driver. In general the number of the gate drivers depends on the size of the LCD-panel.

An active matrix LCD-panel is composed of an array of pixels, whose
number is a function of the panel resolution. For example, an XGA panel has 1024 *
768 pixels. A pixel is usually composed of 3 dots, one for every basic colour (Red,
Green and Blue). Thus, the XGA-panel example has a total of 1024 * 3 columns on the
horizontal axis (x-axis) and 768 rows or lines the vertical axis (y-axis). Each dot is
connected to its respective column electrode trough a switch. The switch is addressed
(eg switched ON or OFF) by the row electrode. To drive the dots of a selected row, a
voltage is applied to the column electrode and the switches are switched ON. This
allows all dots of the selected row to charge to the voltage present on the column
electrodes. At the end of the addressing time, the switches are switched OFF, which
means that the dots are disconnected from the column electrodes and hold their value
(charge) until they are selected the next time. This line by line addressing of the
individual dots is commonly referred to as the “horizontal scanning” of the display. All
the dots of a display are usually refreshed at a frame rate of some 60Hz. This means that
for the XGA panel example, a single line is addressed in (1/60)/768 = 20usec, which is
referred to as the line (addressing) time.

In most active matrix LCD panels, the switch is formed with a so called
Thin Film Transistor (TFT). A TFT-transistor has 3 terminals: drain, gate and source.
On a TFT-LCD dot, the gate is connected to the row electrode commonly referred to as
gate line (GLy). The source is connected to the column electrode commonly referred to
as source line (SLx). The drain of the TFT-transistor is connected to the LC capacitance
(dot node). The second plate of the dot capacitance is connected to a common counter

electrode (Vcom). Due to a considerable charge leakage of the TEFT-transistor, there is a
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need for an additional storage capacitor (Cst) which is connected to the dot node on one
side and to a reference node on the other side. Usually, the previous gate line (GLy-1) or
the next gate line (GLy+1) is used as reference node because these nodes can easily be
accessed. It is also possible to have an extra reference line running parallel to the gate
lines, most often connected to Vcom. The block dim problem occurs only when either
the previous gate line (GLy-1) or the next gate line (GLy+1) is used as reference node
for the storage capacitor (Cst). In the following, LCD-panels will be discussed where
the previous gate line (GLy-1) is the reference node for the storage capacitor (Cst), but
the solution presented can easily be applied to panels where the next gate line (GLy+1)
is the reference node.

Different patterns can be applied to LCD-panels, but the most critical
pattern is an asymmetrical pattern which generates high return current on the VL. One
such pattern is the so called DoDo-pattern, which means Dot-on, Dot-off for
neighbouring dots. When the LCD-panel is driven with asymmetrical patterns, the
column to row parasitic capacitors present on the LCD-panel couple a large amount of
charges in the gate off supply line (VL) of the gate drivers. However, the discharging of
gate off supply line (VL) cannot be completed within one line time because of the large
gate off supply line (VL) track resistance.

This incomplete discharge causes an error in the sampled voltage of the
individual dots, since gate off supply line (VL) is coupled to the dot via the previously
addressed gate line (GLy-1) and the storage capacitance (Cst). The sampled voltage
error is different for each gate driver of the LCD-panel, because the gate off supply line
(VL) resistance seen by every gate driver discretely sums-up. The sampled voltage error
results in different grey levels on the LCD-panel. Since the difference in grey level
occur step wise, exactly at the edge between gate drivers, the eye of a user detects the
transition very easily and hence horizontal block-dims are perceived.

There are some known solutions to overcome the horizontal block-dim
problems.

Firstly one can try to reduce the steps in the transition between the grey
blocks. This is achieved by matching the gate off supply line (VL) resistance seen by the
last line of one gate driver with the gate off supply line (VL) resistance seen by the first

line of the next gate driver. On a given gate driver, the increase of the gate off supply
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line (VL) resistance from first to last output must occur gradually in order to not
produce visible steps. This would require that the gate off supply line (VL) resistance on
the gate driver perfectly matches with the gate off supply line (VL) track resistance on
the glass and that the value of the gate driver resistance is different for every gate driver,
depending on its position in the panel (first, second or third device for XGA). A
different value for the gate drivers is not possible, because the gate drivers come from
the same manufacturing reel. The way to minimise the steps by using gate driver VL
tracks that are kind of an average value of what should be used in every gate driver still
produces perceivable block-dims.

Secondly there is a method to artificially blur the position dependent
error into a larger but position independent error. This is achieved by increasing the gate
off supply line (VL) source resistance to such a high value that the position dependent
VL track resistance steps on the glass become negligible when compared to the source
resistance. As an example, if the on-glass resistance between two drivers is 25 Q, then
with a gate off supply line (VL) source resistance of 500 Q, the relative difference in
gate off supply line (VL) resistance seen by each gate driver is small, and hence the
difference in sampled error also. This method will increase the absolute value of the
error though to approximately the same level for all dots and hence the front-of-screen
performance of the whole LCD-panel degrades for carefully selected special patterns.

The third method to avoid the above mentioned problems is to make a
perfectly smooth grey level change from line to line. This can be achieved with a special
dot layout, where the capacitance (Cst) is not connected to previous or next gate line,
but to a separate additional line. The additional line connected to Capacitance (Cst) is
usually connected to the common electrode voltage (Vcom), hence the common
denomination of “Cst to Vcom” for this solution. The main advantage of this approach
is that the Vcom track resistance does not change in large steps for a complete block of
lines, but in small increment§ from line to line. Since those increments are regular and
small, they can not be detected by the eye. There are however drawbacks of this
solution. The aperture ratio (AR), e.g. the ratio between light transmissive and light
blocking area in a dot, is reduced by the additional line. Further the additional Vcom
lines of every row need to be connected by a contact to the Vcom summing line, which

must be routed on a second metal to avoid crossing with the gate lines. This additional
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process step reduces LCD-panel yield and is more expensive.

So it is an object of the invention to avoid the block—dim effects, while
keeping the effort low.

This will be achieved with the features of claim1.

The present invention bases on the idea that a clean gate off supply line
(VL) should be supplied to the storage capacitors (Cst) of the addressed gate line. It is
based on the observation that only the presently addressed line needs a clean (error-less)
gate off supply line (VL) connection on the reference terminal of its storage capacitors
in order to sample correct values on its dots. If the storage capacitors of the addressed
line are connected to previous gate line (GL), then only this previous gate line (GLy-1)
needs an error-less gate off supply line (VL). If the storage capacitors are connected to
next GL, then only that next gate line (GLy+1) needs an error-less gate off supply line
(VL). All other (non-addressed) lines may have their storage capacitance (Cst)
connected to a gate off supply line (VL) that does not completely discharge.

The implementation of the invention thus consists in a circuit that
connects the storage capacitance (Cst) reference terminal (GLy-1 or GLy+1 depending
on panel) of the addressed gate line GLy to a separate clean gate off supply line, which
is named VLclean line hereafter. All other capacitors (Cst) remain connected to the
usual VL supply line. The track resistance of VLclean line is not of big concern, since
there is only one line at a time connected to it. The return current of VLclean line has
~1/n the value of the return current of gate off supply line (VL) and can thus fully
discharge within one line time. As a consequence, all lines are sampled with a correct
reference voltage at capacitance (Cst).

This is advantageous, because the presented invention does not require a
resistance matching between LCD-panel and driver. It can thus be used for any LCD-
panel resolution and is tolerant to the LCD-panel process variations. Further it does not
add any additional error to the system. The discharging of all non-addressed lines is
only limited by the gate off supply (VL) track resistance of the LCD-panel and not
additionally by a large source resistance. Thus the artefacts introduced by incomplete

discharging of non-addressed rows, like reduced viewing angle, is minimised. The
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proposed solution does avoid the costs and performance drawbacks of the third

described method by simultaneously removing any grey level change from line to line.

So it can be summarised, that the present invention smartly removes the gate off supply

line (VL) induced error at the right moment in the right place. The main advantage of

the proposed invention is that the horizontal block-dims induced by incomplete

discharging of the gate off supply line are completely removed since all addressed lines

are sampled with a capacitance (Cst) reference line of identical value. This results in a

uniform and correct sampled dot voltage for all rows of the LCD-panel, regardless of

their position and to which driver they are connected. A small drawback of the solution

i1s that it requires an additional track to all gate drivers of the LCD-panel.

In order that the invention may be well understood, there will now be

described some embodiments thereof, given by way of example, references being made

to the accompanying drawings, in which:

gate lines

voltage

GLy discharge

Fig. 1: schematic XGA-LCD-panel with supply track resistance
known from the prior art

Fig. 2: TFT-LCD dot model

Fig. 3: block-dim effect on XGA LCD-panel

Fig. 4: gamma curve for 6 bit resolution

Fig. 5a:schematic diagram for capacitive coupling from source lines into

Fig. Sb: simplification of the capacitive coupling from source lines

into gate lines of Fig.5a

Fig. 6: schematic XGA LCD panel with VL track disturbances due
to DODO pattern

Fig. 7: Waveform of VL track disturbance at sampling time of pixel
Fig. 8: sampling of dot voltage

Fig.9: XGA-LCD-panel with VL track disturbances due to gate line

Fig.10: LCD-panel with additional supply track Viclean
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Fig.11a: state of the art output stage
Fig.11b: output stage with additional supply line Viclean
Fig.12: timing diagram of the proposed output stage

In the following figures, the same references numerals will be used to
identify identical components in the various views,

Fig.1 shows a full XGA LCD-panel with 3 gate drivers GD1- GD3 as
found on a PCB-less or COG assembly known from the prior art without the
implementation of the present invention. All supplies and control signals (VH, VL,
VDD, GND, CLK, DIS, Start) are routed from one LCD-panel corner to the gate drivers
GD1- GD3 on the active plate of TFT LCD-panel. As a consequence, the track
resistance seen by gate driver GD3 1s about 3 times higher than one seen by gate driver
GDI.

Fig.2 shows the model of a TFT-LCD dot. In this configuration the
storage capacitor Cst of a gate line GLy is connected to the previous gate line GLy-1,
but the model can be used for the configuration with Cst connected to the next line
GLy+1 as well. Most of today’s LCD-panels use a capacitor Cst connected to previous
line GLy-1. Such a dot layout is widely used because it avoids the use of an additional
Vcom line per row, which would negatively affect light transmission, viewing angle,
fabrication yield, cost etc.

The capacitor Clc is the capacity of the liquid crystal cell. Cst’ is a
simplification of the storage capacitor Cst in parallel with Cc, which is the overlap
capacitance between Gly-1 and dot. Capacity Csgo is the overlap capacitance between
source line SLx and gate line GLy. Rgl is the gate line resistance per dot. Example of
typical values is: Clec =250 fF, Cst =175 fF, Cc = 18 fF -> Cst’ = 193 {F, Csgo = 19 fF,
Rgl=1Q, Cgl =109 fF.

Figure 3 shows the block dim effect on a XGA LCD-panel. The most
critical block dim occurs in conjunction with a special asymmetrical pattern referred to
as ‘DODO’ pattern. The DODO pattern displays for example white - black - white -
black - white - black etc. values in consecutive columns.

The following table shows the brightness of the dots as 1 (for white) or 0
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(for black) and the polarity + and - with respect to Vcom of the applied voltage (upper
or lower gamma curve). This asymmetric pattern induces large return current on the VL
supply due to capacitive coupling from column to rows. This large return current
produces a significant disturbance on the local VL supplies of the individual gate
drivers. Due to the finite impedance of the VL tracks, the disturbances of the local VL’s
cannot attenuate sufficiently within one line time. Since VL is used as reference in every
dot (connected to Cst), different VL levels for every gate driver produces different grey
values, which results in a block dim effect showed in Figure 3.
Red Green Blue Red Green Blue Red Green Blue...
Rowl 1+ 0- 1+ 0- 1+ 0- I+ 0- 1+ ..
Row2 1- 0+ 1- 0+ 1- 0+ 1- 0+ I- ...
Row3 1+ 0- 1+ 0- 1+ 0- 1+ 0- I+ ...
Rowd 1- 0+ 1- 0+ 1- 0+ 1- 0+ 1- ...
Row5 1+ 0- 1+ 0- 1+ 0- 1+ 0- 1+ ...
Row6 1- 0+ - 0+ 1- 0+ 1- 0+ 1- ...

With the DODO pattern, all odd columns are white and all even columns
are black. The first pixel, which includes 3 dots, of row 1 will display red and blue dots
(magenta), the second pixel will display green. The DODO pattern is perceived as grey
by the eye, since the optical average of magenta and green is grey. Because of the
chosen inversion scheme, the polarities of the applied signal changes for every column
and every row (dot by dot).

As the table shows, half the dots of first row are 1+ and the other half is
0-. For Row?2 half the dots are 1- and the other half is 0+. The voltage level
corresponding to ‘0* and ‘1’ is determined by the gamma curve, as shown in the Figure
4.

If for example ‘1’=Vcom +/- 0.5V and ‘0°’=Vcom -/+ 5.0V, the average
column voltage is Vcom=+2.25V for Rowl and Vcom=-2.25V for Row2. Therefore,
the average column voltage is jumping by 4.5V at every line time. This is why the
DODO pattern is called an asymmetrical pattern.

Figure 5a shows the schematic diagram of the capacitive coupling from

source lines SL into gate lines GL. Due to the column to row overlap capacitance Csgo
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in every dot, this 4.5V jump of the average column voltage is capacitively coupled into
all the gate lines Gly of the LCD-panel. The capacitance Cgl is the simplification of the
capacities Cst‘ and Clc, as described in Figure 2. The ratio between the capacity Csgo
and capacity Cgl is roughly 1:5. This means that about 1/6 of the amplitude of the pulse
present on the source lines is coupled into the gate lines GL. Looking at a pair of TFT-
LC cells, source line SLodd and source line SLeven can be replaced by the average
(SLodd+SLeven)/2, which is represented in Figure 5b. So the capacitive coupled
voltage into the gate lines will be in this example 4.5V/6=750mV. Note that the pulses
SLodd and SLeven are out of phase because the polarity of the applied voltage is
opposite for two adjacent columns, due to the dot inversion drive scheme.

Figure 6 shows a schematic XGA LCD panel with VL track disturbances
due to DODO pattern. The charge brought onto the gate lines GL by capacitive coupling
then discharges through the output stage (OUTx) of the gate drivers (GD1-GD3) to the
local VL’s (VL_1, VL_2, VL _3 etc.) of the corresponding gate driver. The discharge
current passes through the resistors Rp of the VL. LCD-panel-track.

The total gate line capacitance for an XGA LCD-panel is typically 257nF
(=768-lines*3072-columns*109fF/gate line) and the mean LCD-panel track resistance
509 (2*25 Q (mean value is from the VL supply to the middle gate driver device). The
resulting RC time constant for the discharge process is thus 12.9ms (50 Q * 257nF),
which is very close to the XGA row time of about 20 ms. This means that the discharge
process cannot be finished within one row time, since typically 6 tau are required to
discharge VL within the accuracy of a 6-bit LCD-panel.

The voltage on the local VL’s shows the same discharge curve as the
current that flows trough the individual resistance Rp. Thus, the discharge amplitude
and waveform is much different for VL_1, VL_2 or VL _3, since the impedance towards
the VL supply is position dependent (number of series-connected Rp’s).

Figure 7 shows an XGA LCD-panel with the local waveforms on VL _1,
VL_2 and VL_3 when the DODO pattern is applied to the columns. It clearly highlights
that the disturbance on VL_1, VL_2 and VL _3 significantly differ at the sampling point
tsamples When the active gate line GLy goes low.

Figure 8 shows a sampling of dot voltage. At the sampling point tsamples

the voltage at the source line SLx is sampled on the dot. A voltage V. different from
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the ideal VL value results in an extra charge on the dot, which is preserved on the
capacities Cst and Clc, once the TFT transistor is off. Since the mean voltage on GLy-1
is VL, the mean voltage on the dot cell gets an offset voltage of AVdot = -(VLy-
1(tsampte)-VL)*Cst’ / (Cst’+Clc).

Since Cst and Clc are about the same, the mean dot voltage has an offset
(error) of approximately half the voltage VL,.;-VL at the sampling moment. Because the
disturbance on Vg is equal to the disturbance of the local VL _1to VL 3 lines at the
input of the gate drivers, the error in the dots depends on the local VL disturbance.
Because the VL track resistance increased in finite steps from gate driver to gate driver,
the dot error voltage AVdot also makes a step at the boundary between two gate drivers.
This step in the error function can be detected by the eye and is showed in Figure 3. The
visible result is a horizontal block-dim with grey shades of different intensity and with
edges corresponding to the boundary of every gate driver device.

There is another effect which results in a block-dim. The second block-
dim effect can occur with any pattern. It is not as strong as first block-dim effect and
can usually not be detected by human eye. Careless supply routing of VL on the LCD-
panel, on chip or generally large VL track resistance can however bring this effect to
detectable levels. The second cause for the disturbances on VL is the discharge current
of gate line GLy, when the gate driver switches to the ‘OFF’ state (VL). The charge of
GLy discharges through the output stage into the local VL_x supply of the
corresponding gate driver and then through the VL track resistance Rp to the VL supply.
At the first time after the switching of GLy, a significant part of the charge is locally
distributed over all other gate lines of the same driver, e.g. the capacitance of all
unselected gate lines acts as a VL decoupling capacitor. This local VL decoupling
reduces the amplitude of the disturbance on the local VL,_x by a large amount. The
unselected lines of the adjacent gate drivers also act as local decoupling capacitances,
reducing the amplitude of the disturbance further.

Figure 9 shows 3 pulses for each local VL_x. The first pulse shows the
local disturbance when any GL driven from device gate driver GD1 is going low. The
second pulse is the local disturbance when a GL from gate driver GD2 switches and the
third pulse happens when a GL from gate driver GD3 switches. The disturbance or

spike on VL happens exactly at the sampling moment. Because the TFT is rapidly
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closing, only a small part of the error Vgpy.1 (tsampie )-VL will be injected into the dot. It
would however be possible that in some applications this can lead to a visible dim.

Figure 10 shows a LCD-panel with additional supply track Vlclean,
wherein the gate drivers GD1-GD3 are illustrated schematically. The main problem
with the DODO pattern is that the local supplies of the gate driver devices (VL_1,
VL_2, VL_3, etc.) do not recover fast enough from the coupling of the source lines. The
time constant is much too long due to the large LCD-panel resistance and the large sum
of the LCD-panel gate line capacitance. This time constant can practically not be
reduced. However, the VL error voltage has only a detrimental effect to the storage
capacitors of the addressed line of the LCD-panel at sampling point. Whether the non-
addressed lines have their capacity Cst reference voltage jumping around from line to
line is only of second importance, since it does not alter the sampling operation of the
dots. The present invention is based on this singular observation: only the presently
addressed line needs a clean or error-less VL line connected to capacity Cst in order to
store the correct dot voltage at sampling point.

By adding an extra supply line on the LCD-panel which is used
exclusively for discharging of the gate line GLy-1 (in the case where Cst is connected to
previous GL) the pulse coupled into gate line GLy-1 by the source lines can be
attenuated a lot faster, since the capacitance that needs to be discharged is only 1/768
(for an XGA panel) or 1/1024 (for an SXGA panel) of the total LCD-panel capacitance.
As a consequence the LCD-panel track resistance Rp2 of the VLclean supply track can
be considerably higher than the LCD-panel track resistance Rp1 of VL. The same
principle can be applied to a LCD-panel that has Cst connected to next gate line GL by
connecting VLclean to gate line GLy+1.

Figure 11a shows the output stage architecture of a traditional 2-level
gate driver. In a traditional gate driver, the PMOS transistor MP1 is conducting when
the gate line is selected. NMOS transistor MN1 is conducting when the line is
unselected.

Figure 11b shows the output stage architecture of a gate driver with 2
gates off VL supplies. Instead of one PMOS MP1 and one NMOS transistor MN1, there
is one PMOS MP1 and 2 NMOST (MN1 and MN2) for the gate driver with additional
Vlclean line. In the output stage with additional VLclean line, the timing for MP1
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remains the same as with traditional gate drivers. MN1 and MN2 are however driven
slightly differently. As depicted in Figure 12, MN2 is conducting during the whole
phase GLy-1, so the gate line GLy-1 is connected to VLclean line when gate line GLy is
selected. MN1 is conducting in all other unselected phases, so all other gate lines are
connected to VL. Note that it is recommended to turn-on MN1 already at the end of
phase GLy when OUTx switches from VH to VL. This transition, which determines the
sampling point (tsample) is usually induced by activating signal DIS (“disable”) or EON

(“output enable not”).
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CLAIMS:

1. A LC-Display with n gate drivers (GD) and a source drivers (SD) for

driving a Display with dots arranged in x rows (Rx) and y columns (Cy), the gate driver
(GDn) has several output stages (OUTx) for driving the gate lines (GLy) of the display,
characterised in that, an additional voltage line (VLclean) is provided, which is coupled

to the output stages (OUTXx) of the gate driver (GDn).

2. Display as claimed in claim 1, whereas the output stage is provided with
a PMOS and two NMOS transistors and the PMOS transistor (MP1) is arranged
between the supply line VH and the output (OUTX) of the output stage and the first
NMOS transistor MN1 is arranged between the supply line (VL) and the output (OUTXx)
of the output stage and the second NMOS transistor (MN?2) is arranged between the
supply line (Viclean) and the output (OUTx) of the output stage.

3. Display as claimed in claim 1, whereas the additional supply line (VLclean)

is routed over a separate track from VL-potential.

4, Display as claimed in claim 1, whereas the track of the supply line (VL)
and the track of the supply line (VLclean) are coupled to the same supply level.

5. Display as claimed in claim 1, whereas the track of the supply line (VL) and
the track of the supply line (VLclean) are connected together in a location where the track

impedance to the supply circuit’s output is low.

6. Method for driving a display with n gate drivers (GDn) and at least one
source driver (SD), whereas dots are arranged in x rows (Rx) and y columns (Cy), the

gate driver (GDn) has several output stages (OUTx) for driving gate lines (GLy) of the
display and a capacitance (Cst) of the selected gate line (GLy) is connected to the
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previous gate line (GLy-1) characterised in that, an additional supply line (Viclean) of

the output stage for row (GLy) is activated when the row (GLy+1) is activated.

7. Method for driving a display with n gate drivers (GD) and a source driver
(SD), whereas dots are arranged in x rows (Rx) and y columns (Cy), the gate driver
(GDn) has several output stages (OUTx) for driving the gate lines (GLy) of the display
and a capacitance (Cst) of the selected gate line (GLy) is connected to the next gate line
(GLy+1), characterised in that, an additional supply line (Vlclean) of the output stage
for row (GLy) is activated when (GLy+1) is activated.



PCT/IB2003/005214

WO 2004/049295

Out x

Fig.1

T w0 @O N~ 0 O O — N o <t W0 O M~
w 10 0 N WU LW - o — = w0 <O
o099 399 N9 9 89 9 9 9 49 55
S A G G O G OB OO O O O O 0O S S
Lo Coor o T N |
I I I ] I ) ] H ) I I H 1 1 1 1
dedede  p bl peble et phL L]
»\LT K&o \5.7 ||||| .LT »\LT&K_IT LLT Tok&ﬂ-o ||||| LLT _LTk«lT \LT X_.-o LLT ||||| \LTK&LT
X_LT A4 s TK_LT A o PT 5o X_...T _.?l&_..? ||||| _c.T oA
\K_LT _.T _,..T fTK% Tkﬂ_fT _IT _l.o I o »A_..T »\_IT o \o\._\f \KTT T
[ Yy § 1 f Y ( [ [ 1
{ ) ] i _j I 1 _j t ] ] [} 1 ] ] 1
T T b S T T A “
1
»_l..' L_LT Lr? ||||| o »&LrT ‘TT \_&' LK.lT ||||| »K_ o \&_ - o M_LT L ||||| \o_lT L
P »\Tc ::::: e LTKK_LT o \«_lT - o R_I.T Lt " e A L o~
%\_IT o Lr—q Lb,_LTLk_._TLK_ﬁ.T M_LT X_I?LMLT X_LT Iy /_LT %_I.T M_LT i M_LT »
X TN T [ [ [ (. L N 1
MJLLT \_lT L!a.i ||||| L&_LT \KLTLKIT Mdn.T \“.-o \..-..y ||||| \lT - \KLT L]T \17 L:.Tv ||||| lT&
SIS = % %
L#QD JoNUp ajeb Z#09 J9AUp 8jed £#QD Janp 8jed
vels —{——1— —{——F — 3
A0 (/—x 1 —
N I.m s ——— 14y ——— 104




WO 2004/049295

--GLy

2/8

simplification
—_—>

PCT/IB2003/005214

GD#1 [

GD#2 [

GD#3 [

Fig.3

... je—— GL257 - GL258

<«—— GL513-GL514



WO 2004/049295 PCT/IB2003/005214
3/8
Vel 4
5V + +0
05vL t
Voom +— — > data
-0.5v T 000000 -1111111
sV 40
Fig.4
o
=
o
3
o
< =
S Qo g
S 8 S
% i 2
| I I
! I !
+_ Csgo . Csgo & 2*Csgo |
|
n --Gly ——%—:}—F—-Gw
Cgl Cgl simplification 2*Cgl |
Tv Tv g |
com com Veom |
+——3+— - -Gly+1 -—— L3 -Gly+1

!

Fig.5a

l

Fig.5b



PCT/IB2003/005214

4/8

WO 2004/049295

b5 M S W0 © M © @ 3 o Mm
@ 0 O 0 s B m o 2 - N 2T L5008 LB 3B
3 & oS3 S o 2 O 2 = 1 15 4 d J
500 g0 000 SO S go OO O 6 628 66O
I - S T T~ -
1 1 1 oHOT l 1 l I 1 o0 l l I l 1 1 %um “ “ "
[ ) 1 } [ )
AT A4 e e \a\_lT ||||| »K_I.T A A o \o\_LT ||||| LLT o X_IT
Sl = S ¥ Y = S ¥ d
\K \K IIIII LK \K \4\ &lt.v »\ln,'\ﬂ\l:.v &th'\ﬁ«l_.v\Kl‘O = t—it- =l I\F.T b e
\KLT k—ls.v \0\|=.| &_I_T = aal _I—T - —- P _I_T miad ! \K_ yK \a“ IIIII \._ \&\_ \K
_ /A XA A MU A A A A . i P D el
x.lﬁt \l&' \K;I—T IIIII |Ml=0 XI_T \KI—T \l#v \lﬁ' \lﬁ' &\l:.' \K—Iﬂ' \Klﬂ' \4\&0 \lﬁ' »\lct &Iﬁ' Xlﬁ' MKI.—'
{7 ! r !
1 1 1 1 ] 1 i ] I 1 ]
| f ? o " f " o . Lo
[ | ]
\K_I.T \Kl&! \_K IIIII k.«—lt' »\I_T \Kla.v »\I_.v \Kla' »\lT IIIII &\ﬁ—i \KI.T \Kl&' Kﬂr \KI&' »Kﬁvv IIIII &Kl:' \Kr \?\_Ial
M«IT \Knao \K_IT ||||| b »KLT &KLT LKlT »KIT »«_LT ||||| »K_LT P »Kr-o kK:T o \K_LT ||||| \r«_lT »K_..T oA
He- A e
kl—.’ \K \K IIIII &“l—' X_I:' XIBO \v\la,' \l" XI.T IIIII \K_I.T \KI_T \Klt.v \#\lﬁ' \l..' Ala_' IIIII »\lti \lﬂ' \v\la.v
I,
kk_ o MWIA.T' ||||| \_LT M“_TNHI._T Y »K_LT A A A A A JLTv ||||| S \_LT P n
AT AT AT T T T AT TA T _Ill-if |||||| ||||.+M1. Fs "X AT~~~ —3 L~ AT AT
| | |
T J _||||||:m/_ ||||||||| J L e
[ I ™
— . I
= = =
1 =
M N, @
A 1 C A — C A '
=
S S il S S i L S S
< o o «© <
=0 )/ = 8 2 g
o< =0 o = O
- Ny DNl
= o = 8 / => 8
8 3 = o 8 5
- o ® - e B - S B
2.3 < o w < o w
e ©




WO 2004/049295 PCT/IB2003/005214

5/8

i
VL 3 Gly GLy+1

T
t
[¢}]
E' —— ]
R /// 2
5
Fig.7
T
2 7
6Ly VaLy-1(t)
Cst' 'L
'ﬂvdot (t)
—T— Cle
T
Veom
GLy




PCT/IB2003/005214

WO 2004/049295

-~ [aV)
vy [ap)
0O <+ 10 © N © & & W O +~ « ™ <+ 1 F "_.nw © I~
- - 20 ¥ O W w W W 8FH = = = - - - 25 © © ©
mw_wL.mmemu_w_ N9 9598 849 S8 985585 K
550 25380 S50 4323800 OO0 G 452800
I 1 1 - ] | 1 1 I - 1 1
o &8 o S8 o 58
]
Y »\flT \K_lT Lo \_lT o o »«rlT »L..T _IT i yw_lT o \K_LT \K_LT -t \_I.T _LT
||||||||||||| X
_ -
LK_LT »K_LT ) D \K_LT o M Y aal \«_LT AT R
[ [ N P P T
A »,.«_LT \«_LT ||||| &;IT P \4\_LT A LK_LT \a\_LT o P as \KrT i LIT »\_LT P a
SUSIY = I Sl Sy W v ! )
A4 o o o ) A S = Ty IS boe e e
{ [ [ 1 [ N [ x_ e \«. ..... \_ 2 »\,
m m ; oo oo oo o b
—l f t 1 1 1 ] [} 1 1 1 i I I I ] ] 1
A A »LLT »KIT »,.«FT \n«_lT A \/«_LT &«_LT fLT A Leml.T k_..T o
[ S IV I N T I U T D D P O OO Sy
o A oA e o kv\_LT o \K_l_ﬁ i o - o4 k\_I.T o
[ [ T P L P O T
_lT o A \oxl.T o oA it M«_I.T »A_I.T ||||| MIT T A \KLT o \K_LT ||||| &I.T o »\_I.T
&ULT o y«_n.Tv ||||| _..T A kK_LT »«_LT \«_LTv ||||| \K_I.T o »,,«_LT A »\”LT \K_.._Tv ||||| L«.LT A g
> _||I-Iﬁw._ IIIIII - IM_JII_ I N D e _|1|||1!I|IIJ_.IIII_I
-3 # B e T T N
9 _ | |
m_u. _IIIIIIIHI IIIIIIIII | _!IIII...Iln./_ IIIIIIIII A L | ___
fom l.l__ | 3_
- =
1 W >
A A A I A «@
Mojse0B 4D 09 | | I < G =] s G = =
X O (9] x O (4] N
S o I S 6
M0| $80B Z#09 01D | | <= Eo o 1 o o s 8 o
= Q oc = O o = 0O
@ » 28 1 < -1 <
Moj $806 | #9) J0 19 | == => 8 - > 8 = > 8
© S w - =
o 2 S S 32
- [sIR% - @ - S B
o @ < o @ < o .«
o o - ©



WO 2004/049295

VL VlLdean

Rp1 [l][j Rp2

PCT/IB2003/005214

N
—

/l

~ .

] ] ! @ _____________________
local disturbance| |local disturbance 1 _;
onVL on VLdean -
r——1
I I T T o
Rp1f [ Rp2 el
J L
|
| »5%}—@ ---------------------
| |
) ' 1
| — | |
f i T
N =" —— 1|50
| ot
I E}T_@‘ """"""""""""
L =

local disturbance| (local disturbance

onVL on VLdean
r—_——"
[ e T T N A
Rp1 []f Rp2 | rr'?'
! »gﬂ—@ ---------------------
| |
| *?,—@ """""""""""
! |
A : i !
1 | |
[
e T = 1N ——
> > |
7 / : *:5}:_@‘ _____________________
] ] @ _____________________
local disturbance  local disturbance 'L_T‘Q_- _:
onVL on VLdean
Out x

GL1
GL2

GL3
gate driver
device GD#1

GL254
GL255
GL256

GL257
GL258

GL259
gate driver
device GD#2

GL510
GL511
GL512

GL513
GL514

GL515
gate driver
device GD#3



PCT/IB2003/005214

WO 2004/049295
8/8
VH L VH
drive_p J drive_p
MP1 —
OUTx
drive_n MNA

drive;r”

|

]

MP1

OUTx

MN1 drive_n2’

1]

MN2

|

VL VL
VL clean
Fig.11a Fig.11b
CLK —— S IO B A e R
DIS (OEN) [] []
lr_—GLy > —e—O0Cly 1
VH VLclean
OuT1 — VL
drive p —|
drive_nl —— -
drive_n2
oy <~——Gly.{—»
lr VH VLclean "
ouT2

Fig.12



INTERNATIONAL SEARCH REPORT PCT/IB 03/05214

A. CLASSIFICATION OF 3[.168JECT MATTER

IPC 7 GO9G3

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

IPC 7 GO9G

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practical, search terms used)

EPO-Internal, WPI Data, PAJ

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category ° | Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 6 232 944 B1 (OKUNO TAKESHI ET AL) 1

15 May 2001 (2001-05-15)
A abstract 3-7

column 1, Tine 43 -column 2, line 38
column 17, line 52 -column 18, line 21;
figures 4,5

column 20, 1ine 5 -column 21, Tine 32;
figures 6,7

column 38, Tline 31 -column 41, Tine 54;
figures 32-38

A US 6 421 038 Bl (LEE HYUN CHANG) 1-7

16 July 2002 (2002-07-16)

abstract

column 6, line 8 —-column 7, line 64;
figure 5

column 7, 1ine 65 -column 9, line 28;
figures 6,7

-/-=

Further documents are listed in the continuation of box C. Patent family members are listed in annex.

° Special categories of cited documents : ) . . »

'T* later document published after the international filing date
or priority date and not in conflict with the application but
cited 1o understand the principle or theory underlying the
invention

*A* document defining the general state of the art which is not
considered to be of particular relevance

‘E* earlier document but published on or after the international *X* document of particular relevance: the claimed invention

filing date cannot be considered novel or cannot be considered to

*L* document which may throw doubts on priority claim(s) or involve an inventive step when the document is taken alone
which is cited to establish the publication date of another *Y* document of particular relevance; the claimed invention
citation or other special reason (as specified) cannot be considered to involve an inventive step when the

*O" document referring to an oral disclosure, use, exhibition or document is combined with one or more other such docu-
other means ments, such combination being obvious t0 a person skilled
*P* document published prior to the international filing date but in the art.
later than the priority date claimed *&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
12 March 2004 23/03/2004
Name and mailing address of the ISA Authorized officer

European Patent Office. P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040, Tx. 31 651 epo nl,
Fax: (+31-70) 340-3016 Wolff, L




INTERNATIONAL SEARCH REPORT

i

PCT/IB 03/05214

C.(Continuation) DOCUMENTS CONSIDERED TO BE RELEVANT

Category °

Citation of document, with indication,where appropriate, of the relevant passages

Relevant to claim No.

US 6 219 018 B1 (MATSUMOTO TOMOHIRO)
17 April 2001 (2001-04-17)

column 4, Tine 61 -column 5, line 6;
figure 4

column 6, line 12 -column 6, line 30;
figures 1,2

1,6,7




INTERNATIONAL SEARCH REPORT

PCT/IB 03/05214

Patent document Publication Patent family Publication

cited in search report date member(s) date

US 6232944 Bl 15-05-2001 JP 10161615 A 19-06-1998
KR 264772 Bl 01-09-2000
TW 394917 B 21-06-2000
us 6522318 Bl 18-02-2003
us 6633272 Bl 14-10-2003
us 6597337 Bl 22-07-2003

US 6421038 Bl 16-07-2002 KR 2000022668 A 25-04-2000
DE 19944724 Al 03-08-2000
FR 2783629 Al 24-03-2000
GB 2341714 A ,B 22-03-2000
JP 2000137247 A 16-05-2000
US 2001033266 Al 25-10-2001

US 6219018 Bl 17-04-2001 JP 2000035560 A 02-02-2000
TW 518441 B 21-01-2003




THMBW(EF)

[ i (S RIR) A ()
e (S IR) A (%)

HAT R E (TR AGE)

FRI& B A

RHA

IPCHEKS
CPCH ¥ 5
e
NS

BEG®)

R D RIER MR

EP1568006A1 RF(REH) A 2005-08-31
EP2003772458 FER 2003-11-18
ERCAHETROBRAF

ERTCAHEFN.V.

Entropic CommunicationsZ2 & , INC.

DAUM MARTIN
BUCHSCHACHER PASCAL

DAUM, MARTIN
BUCHSCHACHER, PASCAL

G09G3/36
G09G3/3677 G09G3/3659 G09G3/3666 G09G2310/06 G09G2320/0233

2002102642 2002-11-25 EP

Espacenet

ARP—MS KR —TLCDER , LEHS R —TEMRIEIEE (GD ) %
AERIBEEIR (PCB ) BIER TAZEMNLCDER, XFHEARBHN T
PCB , EiftilIRzh8s ( GD ) WAL T2 FAE LM ENRI B4R (PCB)
SERE , MREZEELCDEE LR, AAHEERTHE LES
(COG ) HAR , HPitRIEZIES (GD ) EEFEEREEMRL, I THSR
ERMA , EREFEREFERABERN , BIESNMIHSR (OUTX)
WIN—REMIL (Viclean ) , HAFMINZ ( Viclean ) XA TFRES
EBPTIEMIRE (Gly ) WEMHEBAEE (Cst) MBE, PIEHM (K
EER ) MHREEZEEENMRMF BIRE (VL) o Vicleansk g
FALCDHIE FH BIMBIBE AL |, HEZZWEL S VLERNFILBR

Mo

patsnap


https://share-analytics.zhihuiya.com/view/9c0a8108-15cc-4ed9-9d44-a496699c7cc2
https://worldwide.espacenet.com/patent/search/family/032338150/publication/EP1568006A1?q=EP1568006A1

