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ACTIVE MATRIX DISPLAY DEVICE

This invention relates to active matrix display devices, and relates in
particular to the circuitry used for providing drive signals to the pixels of the
display.

Active matrix display devices typically comprise an array of pixels
arranged in rows and columns. Each row of pixels shares a row conductor
which connects to the gates of the thin film transistors of the pixels in the row.
Each column of pixels shares a column conductor, to which pixel drive signals
are provided. The signal on the row conductor determines whether the
transistor is turned on or off, and when the transistor is turned on, by a high
voltage pulse on the row conductor, a signal from the column conductor is
allowed to pass on to an area of liquid crystal material, thereby altering the
light transmission characteristics of the material. An additional storage
capacitor may be provided as part of the pixel configuration to enable a
voltage to be maintained on the liquid crystal material even after removal of the
row electrode puise. US-A-5 130 829 discloses in more detail the design of an
active matrix display device.

The frame (field) period for active matrix display devices requires a row
of pixels to be addressed in a short period of time, and this in turn imposes a
requirement on the current driving capabilities of the transistor in order to
charge or discharge the liquid crystal material to the desired voltage level. In
order to meet these current requirements, the gate voltage supplied to the thin
film transistor needs to fluctuate between values separated by approximately
30 volts. For example, the transistor may be turned off by applying a gate
voltage of around -10 volts, or even lower, (with respect to the source)
whereas a voltage of around 20 volts, or even higher, may be required to bias
the transistor sufficiently to provide the required source-drain current to charge
or discharge the liquid crystal material sufficiently rapidly.

JP 2004-523003 A 2004.7.29
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The requirement for large voltage swings in the row conductors requires
the row driver circuitry to be implemented using high voltage components.

The voltages provided on the column conductors typically vary by
approximately 10 volts, which represents the difference between the drive
signals required to drive the fiquid crystal material between white and black
states. Various drive schemes have been proposed enabling the voltage
swing on the column conductors to be reduced, so that lower voltage
components may be used in the column driver circuitry. In the so-called
“common electrode drive scheme’, the common electrode, connected to the
full liquid crystal material layer, is driven to an oscillating voltage. The so-
called “four-level drive scheme” uses more complicated row electrode
waveforms in order to reduce the voltage swing on the column conductors,
using capacitive coupling effects.

These drive schemes enable lower voltage components to be used for
the column driver circuitry. However, there is still a significant amount of
complexity and power inefficiency in the column driver circuits. Each row is
addressed in turn, and during the row address period of any one row, pixel
signals are provided to each column. In the past, each column would be
provided with a buffer for holding a pixel in the column to a drive signal level
for the full duration of the row address period. This large number of buffers
results in high power consumption.

There have been proposals to provide a multiplexing scheme, in which
a buffer is shared between a group of columns. The output of the buffer is
switched in turn to the columns of the group. When the buffer is providing a
signal to one column, it is isolated from the other columns by a switch.
Multiplexing is possible because the line time of the display is significantly
greater than the time required fo charge a column to the required voitage. In
small displays for mobile applications, the line time may be in excess of 150 ys
whereas the time required to charge a column is typically less than 10 ps.

Once the column has been charged to the required voltage, and after
the end of the application of the required voltage to the column, charge

transfer takes place between the charged column capacitance and the pixel

JP 2004-523003 A 2004.7.29
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capacitance. The column capacitance may be around 30 times larger than the
column capacitance, so that the charge transfer to the pixel results in only a
small voltage change. However, this charge transfer enables the pixel to be
charged using a short column address pulse, despite the longer time constant
of the pixel (resulting from the high TFT resistance).

A problem with this multiplexing approach is that there is cross talk
between the columns within the group, particularly as all but one of the
columns of the group are effectively floating at any point in time, and are
therefore susceptible to signal level fluctuations. During the row address
period, the TFTs of all pixels in the row are switched on (and indeed this
enables the charge transfer to take place between the column capacitance
and the pixel), so that any signal fluctuations on the column conductors as a
result of cross talk are passed onto the pixels.

The invention provides an alternative approach for reducing the number
of buffers required by the column driver circuitry.

According to a first aspect of the invention, there is provided a display
device comprising an array of liquid crystal pixels arranged in rows and
columns, wherein each column of pixels shares a column conductor to which
pixel drive signals are provided, wherein column address circuitry is provided
for generating the pixel drive signals, the column address circuitry comprising
circuitry for generating all possible drive signal levels on separate signal level
lines and a buffer associated with each signal level line, the outputs of the
buffers being selectably switchable onto the columns, wherein the column
address circuitry further comprises a memory for storing the signal levels to be
provided to each column, and wherein the buffers are controlled in
dependence on the stored signal levels.

The invention provides an alternative approach by which a grey level
generation circuit is provided with a buffer for each possible grey level output.
The response of the buffers is heavily dependent on the output load, and such
buffers are typically designed to be suitable for specific ranges of output loads.

As a result of the farge number columns in a display, there is a very large

JP 2004-523003 A 2004.7.29
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variation in the output foad of the buffers, as a function of the number of
columns to which the buffer output is to be provided. Therefore, the buffers
are controlled in dependence on stored signal levels to ensure stability of the
buffers for any output load.

In one example, a bias current to each buffer is controlled in
dependence on the number of columns to which the buffer output is to be
switched.

In another example, each signal level line is associated with a plurality
of buffers, each of the plurality of buffers being suitable for different output
loads, wherein one of the plurality of buffers is selected in dependence on the
number of columns to which the buffer output is to be switched. Each signai
level line may be associated with two buffers.

In another example, each buffer has a plurality of output stages, and
wherein the number of output stages used is controlled in dependence on the
number of columns to which the buffer output is to be switched.

In a further example, an additional buffer is provided and the additional
buffer is used when the number of columns to which an individual buffer output
is to be switched exceeds half the total number of columns.

These examples each provide arrangements which enable the output
load required of each buffer to be used to provide control of the buffer
configuration, in order to ensure stability of the buffer arrangements. The
number of grey levels will typically be much smaller than the number of
columns, so that the arrangement of the invention reduces the number of
buffers required.

Preferably, each pixel comprises a thin film transistor switching device
and a liquid crystal cell, wherein each row of pixels share a row conductor
which connects to the gates of the thin film transistors of the pixels in the row,
and wherein row driver circuitry provides row address signals for controlling
the switching of the transistors of the pixels of the row.

According to a second aspect of the invention, there is provided a
method of providing pixe! drive signals to a display device comprising an array
of liquid crystal pixels arranged in rows and columns, the method comprising:

JP 2004-523003 A 2004.7.29
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generating all possible pixel drive signal levels;

providing each pixel drive signal level to an associated buffer;

storing the required pixel drive signals for a row of pixels in a memory;

calculating the required number of pixels of the row fo be addressed by
each drive signal;

controlling the buffers in dependence on the calculated number of
pixels; and

switching the buffer outputs onto the columns during the row address
period for the row fo be addressed.

The step of controlling the buffers may comprise applying an
appropriate bias current to the buffers, selecting between alternative buffers
for each pixel drive signal level or selecting a number of output stages to be
connected to each buffer.

The invention also provides column address circuitry for driving the
columns of a liquid crystal display, comprising circuitry for generating all
possible drive signal levels on separate signal level lines and a buffer
associated with each signal level ling, the outputs of the buffers being
selectably switchable onto the column outputs, wherein the column address
circuitry further comprises a memory for storing the signal levels to be provided
to each column, and wherein the buffers are controlled in dependence on the

stored signal levels.

Examples of the invention will now be described in detail with reference
to the accompanying drawings, in which:

Figure 1 shows one example of a known pixel configuration for an
active matrix liquid crystal display;

Figure 2 shows a display device including row and column driver
circuitry;

Figure 3 shows a conventional column driver circuit;

Figure 4 shows a column driver circuit according to the invention;

Figure 5 shows in greater detail the memory in the circuit of Figure 4;

Figure 6 shows in greater detail part of the memory of Figure 5;

JP 2004-523003 A 2004.7.29
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Figure 7 shows one buffer configuration for use in the column driver
circuit of the invention;

Figure 8 shows another buffer configuration for use in the column driver
circuit of the invention; and

Figure 9 shows a further buffer configuration for use in the column
driver circuit of the invention.

Figure 1 shows a conventional pixel configuration for an active matrix
liguid crystal display. The dispiay is arranged as an array of pixels in rows and
columns. Each row of pixels shares a common row conductor 10, and each
column of pixels shares a common column conductor 12. Each pixel
comprises a thin film transistor 14 and a liguid crystal cell 16 arranged in series
between the column conductor 12 and a common potential 18. The transistor
14 is switched on and off by a signal provided on the row conductor 10. The
row conductor 10 is thus connected to the gate 14a of each transistor 14 of the
associated row of pixels. Each pixel may additionally comprise a storage
capacitor 20 which is connected at one end 22 to the next row electrode, to the
preceding row electrode, or to a separate capacitor electrode. This capacitor
20 helps to maintain the drive voltage across the liquid crystal cell 16 after the
transistor 14 has been turned off. A higher total pixel capacitance is also
desirable to reduce various effects, such as kickback, and to reduce the grey-
level dependence of the pixel capacitance.

In order to drive the liquid crystal cell 16 to a desired voltage to obtain a
required grey level, an appropriate signal is provided on the column conductor
12 in synchronism with a row address pulse on the row conductor 10. This
row address pulse turns on the thin film transistor 14, thereby allowing the
column conductor 12 to charge the liquid crystal cell 16 to the desired voltage,
and also to charge the storage capagcitor 20 to the same voltage.

At the end of the row address pulse, the transistor 14 is turned off. The
storage capacitor 20 reduces the effect of liquid crystal leakage and reduces
the percentage variation in the pixel capacitance caused by the voltage

dependency of the liquid crystal cell capacitance. The rows are addressed

JP 2004-523003 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

an

‘WO 02/071378 PCT/IB02/00570

20

30

sequentially so that all rows are addressed in one frame period, and refreshed
in subsequent frame periods.

As shown in Figure 2, the row address signals are provided by row
driver circuitry 30, and the pixel drive signals are provided by column address
cireuitry 32, to the array 34 of display pixels.

In order to enable a sufficient current to be driven through the thin film
transistor 14, which is implemented as an amorphous silicon thin film device, a
high gate voltage must be used. In particular, the period during which the
transistor is turned on is approximately equal to the total frame period within
which the display must be refreshed, divided by the number of rows. It is well
known that the gate voltage for the on-state and the off-state differ by
approximately 30 volts in order to provide the required small leakage current in
the off-state, and sufficient current flow in the on-state to charge or discharge
the liquid crystal cell 16 within the available time. As a result, the row driver
circuitry 30 uses high voltage components.

There are various known addressing schemes for driving the display of
Figure 1, and these will not be described in detail in this text. Some of the
known operational fechniques are described in greater detail, for example in
US-A-5 130 829 and WO 99/52012, and these documents are incorporated
herein by way of reference material. The invention is applicable to any
particular drive scheme, and for this reason, no further explanation will be
given of the precise operation of any particular drive scheme. This will be well
known to those skilled in the art.

Figure 3 shows a conventional column driver circuit. The number n of
different pixel drive signal levels are generated by a grey level generator 40,
for example a resistor array. A switching matrix 42 controls the switching of
the required level to each column and comprises an array of converters 43 for
selecting one of the n grey levels based on a digital input from a latch 44. The
digital input is derived from a RAM storing the required image data 45. Each
column is provided with a buffer 46 for holding a pixel in the column to the
required drive signal level for the full duration of the row address period. This

large number of buffers 46 results in high power consumption.
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To reduce power in a low power chipset to drive the active matrix LCD,
the total number of buffers needs to be reduced. This also enables less area
to be occupied. In accordance with the invention, the grey level voltages are
generated and then switched through an associated buffer to the relevant
column, as shown in Figure 4.

The grey level generation circuit 50 comprises a resistor array between
maximum and minimum voltages, with each tap 52 being provided to an
associated buffer 54. There are N buffers in total, providing the N grey scale
levels. The N signal levels are provided to a switching matrix 56 which
enables one of the N levels fo be switched to each column, based on the
image data 58 provided from a RAM. Each column is associated with a 1 of N
selector 57. In the example of Figure 4, the required pixel data is defined by a
six bit word, giving a total number of grey scale levels, N, of 64.

The number of columns that any one buffer 54 is driving will depend on
the number of pixels in the addressed row which have the same pixel data.
This means that each buffer has a possible maximum to minimum load ratio of
500 to 1 for a display with 500 columns. This load range is too large and
results in unstable or extremely large buffers. To overcome this, the invention
provides an architecture by which the number of columns is known, and hence
the load seen by each buffer can be determined.

A histogram is constructed in RAM of the pixel data for the row. This
enables the number of columns each buffer will be driving to be determined,
and therefore enables the load to be calculated. The buffers are then
controlled in dependence on the stored pixel data, as represented
schematically by arrow 60 in Figure 4, which represents the RAM histogram
data.

Figure 5 shows the architecture of the RAM for storage of the histogram
data. In conventional manner, image data is received from a host at the input
70. This is written into an image data storage section 72 of the memory using
a line store 74. The invention can be implemented using an additional area of
RAM 76, which is reserved for storing the histogram data for each row in the

image. The histogram data is obtained using counters 78. The organisation of
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the histogram part 76 of the memory for one row is shown in detail in Figure 8.
The number of pixels in a row having each of the N signal levels V1, V2 ... VN,
is stored, as number Nyy.

image data is written from the host to the area 72 of the RAM and is
then piped from the area 72 to the column driver switching matrix 56,
whenever the latter needs to be refreshed. During the period when data is
being written to the area 72 of RAM via the line store 74, the series of counters
78 build up the histogram data and, when all of the row data has arrived,
stores the histogram at the appropriate location 76 in the RAM. In this way,
the histogram only needs to be calculated once when the data arrives. The
alternative is to calculate the histogram data when it is being read out from the
RAM as the display is being updated. However, in this latter case the
histograms will be calculated up to frame rate times per second for each row
and this will cost power.

There are various ways to use this histogram data to conirol the
configuration of the buffers, so that the buffers are stable at the required output
load.

Figure 7 shows a first example in which the histogram data is used to
vary the capacitive drive capability of simple 2-stage amplifier. A conventional
2-stage circuit 80 is extended by adding extra output stages 82 in parallel.
These additional output stages 82 are enabled under control from the
histogram information (Ho, H1, H2 and H3). Thus, a number of output stages
can be switched into operation as a function of the required output load. This
enables a low power consumption to be maintained when there is low output
demand, but enables a high output demand to be tolerated by increasing the
currents flowing through the buffer. In this way, the second stage can be
controlled to match the load capacitance, thereby giving similar settling
characteristics for the different loads. For example, the output impedance,
slew rate and stability margin can be controlled by switching in selected output
stages. In the illustrated circuit, the “resolution” of the output stage switching is
four columns, so that each configuration of the amplifier needs to be capable

of driving a capacitive load that varies from a lowest value to a highest value a
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factor of 4 greater than the lowest value. In the example shown, one output
configuration is for 1 to 4 columns, the next configuration is for 5 to 16
columns, and so on. This method of adjusting the output stages of the
amplifier effectively adjusts the output impedance of the buffer to maintain
stability for the required output load. Unused buffers can be powered down,
again to reduce the total power.

There are of course other schemes for varying the buffer configuration
in dependence on the desired output load. For example, the buffers may have
a bias current input. The bias current may then be altered as a function of the
output load, to provide the desired matching. Alternatively, the buffer may be
provided with a buffer loading capacitor. As the output load is increased, the
buffer loading capacitor can be switched out of circuit, so that the overall load
capacitance (the buffer loading capacitance and the output load capacitance)
remains fairly constant.

Figure 8 shows an arrangement in which each signal leve!l line is
associated with two buffers 54a and 54b. Each of the two of buffers is suitable
for different output ioads. One of the two buffers is selected in dependence on
the number of columns to which the buffer output is to be switched. Thus, the
histogram data at input 60 cortrols switches 62 arranged in complementary
pairs. This enables the maximum output load variation to be halved. Each
signal level line may of course be associated with a greater number of buffers.

In the example of Figure 9, an additional buffer 92 is provided and the
additional buffer 92 is used when the number of columns to which an individual
buffer output is to be switched exceeds half the total number of columns.
Thus, if buffer 540 in Figure 9 is to supply more than half the pixels of a row
(as determined from the histogram data 60), a switching matrix 94 routes the
corresponding signal level V1 from the grey level generator 50 to the additional
buffer 92. The output of buffer 92 is used to drive some columns whereas the
output of buffer 540 is used to drive others. The switching matrix 56 then
receives N+1 signal levels, and the histogram data 60 is used to controf the

‘switching matrix 56 so that when one signal level is required for more than half

JP 2004-523003 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(21)

‘WO 02/071378 PCT/IB02/00570

1

of the pixels of the row, this load is shared between the buffer for that signal
level and the additional buffer.

There may be two or more additional buffers, which enables the
required output load range of the individual buffers to be reduced further.

The terms “row” and “column” are somewhat arbitrary in the description
and claims. These terms are intended to clarify that there is an array of
elements with orthogonal lines of elements sharing common connections.
Although a row is normally considered to run from side to side of a display and
a column to run from top to bottom, the use of these terms is not intended to
be limiting in this respect.

The column circuit may be implemented as an integrated circuit, and the
invention also relates to the column circuits for implementing the display
architecture described above.

Other features of the invention will be apparent to those skilled in the
art.
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1. A display device comprising an array of liquid crystal pixels
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arranged in rows and columns, wherein each column of pixels shares a
column conductor to which pixel drive signals are provided, wherein column
address circuitry is provided for generating the pixel drive signals, the column
address circuitry comprising circuitry for generating all possible drive signal
levels on separate signal level lines and a buffer associated with each signal
level line, the outputs of the buffers being selectably switchabie onto the
columns, wherein the column address circuitry further comprises a memory for
storing the signal levels to be provided to each column, and wherein the

buffers are controlled in dependence on the stored signal levels.

2. A display device as claimed in claim 1, wherein a bias current to
each buffer is controlled in dependence on the number of columns to which

the buffer output is to be switched.

3. A display device as claimed in claim 1, wherein each signal level
line is associated with a plurality of buffers, each of the plurality of buffers
being suitable for different output loads, wherein one of the plurality of buffers
is selected in dependence on the number of columns to which the buffer
oufput is to be switched.

4. A display device as claimed in claim 3, wherein each signal level

line is associated with two buffers.

5. A display device as claimed in claim 1, wherein each buffer has a
plurality of output stages, and wherein the number of output stages used is
controlled in dependence on the number of columns to which the buffer output

is to be switched.
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8. A display device as claimed in claim 1, further comprising an
additional buffer, and the additional buffer is used when the number of
columns to which an individual buffer output is to be switched exceeds half the

total number of columns.

7. A display device as claimed in claim 6, in which a plurality of
additional buffers are provided, and the additional buffers are used when the
number of columns to which individual buffer outputs are to be switched

exceed a predetermined fraction of the total number of columns.

8. A display device as claimed in any preceding claim, wherein
each pixel comprises a thin film transistor switching device and a liquid crystal
cell, wherein each row of pixels share a row conductor which connects to the
gates of the thin film transistors of the pixels in the row, and wherein row driver
circuitry provides row address signals for controlling the switching of the

transistors of the pixels of the row.

9. A method of providing pixel drive signals to a display device
comprising an array of liquid crystal pixels arranged in rows and coiumns, the
method comptrising:

generating all possible pixel drive signal levels;

providing each pixel drive signal level to an associated buffer;

storing the required pixel drive signals for a row of pixels in a memory;

calculating the required number of pixels of the row to be addressed by
each drive signal;

controlling the buffers in dependence on the calculated number of
pixels; and

switching the buffer outputs onto the columns during the row address

period for the row to be addressed.

10. A method as claimed in claim 9, wherein the step of controlling

the buffers comprises applying an appropriate bias current to the buffers.
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11. A method as claimed in claim 9, wherein the step of controiling
the buffers comprises selecting between alternative buffers for each pixel drive

signal level.

12. A method as claimed in claim 9, wherein the step of controlling
the buffers comprises selecting a number of output stages to be connected to

each buffer.

13. A method as claimed in claim 9, wherein the step of controliing
the buffers comprises using an additional buffer to share the output load of an
individual buffer when the number of columns to which the individual buffer
autput is to be switched exceeds half the total number of columns.

14. A method as claimed in claim 13, wherein a plurality of additional
buffers are used to share the output loads of one or more buifers when the
number of columns to which those buffer outputs are to be switched exceed a

predetermined fraction of the total number of columns.

15.  Column address circuitry for driving the columns of a liquid
crystal display, comprising circuitry for generating all possible drive signal
levels on separate signal level lines and a buffer associated with each signal
level line, the outputs of the buffers being selectably switchable onto the
column outputs, wherein the column address circuitry further comprises a
memory for storing the signal levels to be provided to each column, and

wherein the buffers are controlled in dependence on the stored signal levels.
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ACTIVE MATRIX DISPLAY DEVICE

This invention relates to active matrix display devices, and relates in
particular to the circuitry used for providing drive signals fo the pixels of the

display.

Active matrix display devices typically comprise an aray of pixels
arranged in rows and columns. Each row of pixels shares a row conductor
which connects to the gates of the thin film transistors of the pixels in the row.
Each column of pixels shares a column conductor, to which pixel drive signals
are provided. The signal on the row conductor determines whether the
transistor is turned on or off, and when the transistor is tumed on, by a high
voltage pulse on the row conductor, a signal from the column conductor is
allowed to pass on to an area of liquid crystal material, thereby altering the
light transmission characteristics of the material. An addiional storage
capacitor'may be provided as part of the pixel configuration to enable a
voltage to be maintained on the liquid crystal material even after removal of the
row electrode pulse. US-A-5 130 829 discloses in more detail the design of an
active matrix display device.

The frame (field) period for active matrix display devices requires a row
of pixels to be addressed in a shart period of time, and this in furn imposes a
requirement on the current driving capabilities of the transistor in order to
charge or discharge the liquid crystal material to the desired voltage level. In
order to meet these current requirements, the gate voltage supplied to the thin
film transistor needs to fluctuate between values separated by approximately
30 volts. For example, the transistor may be turned off by applying a gate
voltage of around -10 volts, or even lower, (with respect to the source)
whereas a voltage of around 20 volis, or even higher, may be required to bias
the transistor sufficiently to provide the required source-drain current to charge
or discharge the liquid crystal material sufficiently rapidly.

JP 2004-523003 A 2004.7.29
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The requirement for large voltage swings in the row conductors requires
the row driver circuitry to be implemented using high voltage components.

The voltages provided on the column conductors typically vary by
approximately 10 voits, which represents the difference between the drive
signals required to drive the liquid crystal maferial between whife and black
states. Various drive schemes have been proposed enabling the voltage
swing on the column conductors to be reduced, so that lower voltage
companents may be used in the column driver circuitry. In the so-called
“common electrode drive scheme”, the common electrode, connected to the
full liquid crystal material layer, is driven to an oscillating voltage. The so-
called “fourdevel drive scheme” uses more complicated row elecirode
waveforms in order to reduce the voltage swing on the column conductors,
using capacitive coupling effects.

These drive schemes enable lower voltage components to be used for
the column driver circuitry. However, there is still a significant amount of
complexity and power inefficiency in the column driver circuits. Each row is
addressed in turn, and during the row address period of any one row, pixel
signals are provided o each column. In the past, each column would be
provided with a buffer for holding a pixel in the column to a drive signal level
for the full duration of the row address period. This Jarge number of buffers
results in high power consumption.

There have been proposals to provide a multiplexing scheme, in which
a buffer is shared between a group of columns. The output of the buffer is
switched in turn to the columns of the group. When the buffer is providing a
signal to one column, it is isolated from the other columns by a switch.
Multiplexing is possible because the line time of the display is significantly
greater than the time required to charge a column to the required voltage. In
small displays for mobile applications, the line ime may be in excess of 150 us
whereas the time required to charge a column is typically less than 10 ps.

Once the column has been charged to the required voitage, and after
the end of the application of the required voltage to the column, charge
transfer takes place between the charged column capacitance and the pixel

JP 2004-523003 A 2004.7.29
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capacitance. The column capacitance may be around 30 times larger than the
column capacitance, so that the charge transfer to the pixel results in only a
small voltage change. However, this charge fransfer enables the pixel to be
charged using a short column address pulse, despite the longer time constant
of the pixel (resulting from the high TFT resistance).

A problem with this muliiplexing approach is that there is cross talk
between the columns within the group, pasticulatly as all but one of the
columns of the group are effectively floating at any point in time, and are
therefore susceptible to signal level fluctuations. During the row address
period, the TFTs of all pixels in the row are switched on (and indeed this
enables the charge transfer to take place between the column capacitance
and the pixel), so that any signal fluctuations on the column conductors as a
result of cross talk are passed onto the pixels.

The invention provides an altemative approach for reducing the number
of buffers required by the column driver circuitry.

According to a first aspect of the invention, there is provided a display
device comprising an array of liquid crystal pixels arranged in rows and
columns, wherein each column of pixels shares a column conducter to which
pixel drive signals are provided, wherein column address circuitry is provided
for generating the pixel drive sighals, thé colurnn address circuitry comprising
circuitry for generating all possible drive signal levels on separate signal level
lines and a buffer associated with each signal level line, the outputs of the
buffers being selectably switchable onto the columns, wherein the calumn
address circuitry further comprises a memory for storing the signal levels to be
provided to each cofumn, and wherein the buffers are controiled in
dependence on the stored signal levels.

The invention provides an alternative approach by which a grey level
generation circuit Is provided with a buffer for each possible grey level output.
The response of the buffers is heavily dependent on the output load, and such
buffers are typically designed to be suitable for specific ranges of output loads.
As a result of the large number columns in a display, there is a very large
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variation in the oufput load of the buffers, as a function of the number of
columns to which the buffer output is o be provided. Therefore, the buffers
are controlied in dependence on stored signal levels to ensure stability of the
buffers for any output load.

In one example, a bias current to each buffer is controlled in
dependence on the number of columns to which the buffer output is fo be
switched.

In another example, each signal level line is associated with a plurality
of buffers, each of the plurality of buffers being suitable for different output
|6ads, wherein one of the plurality of buffers is selected in dependence on the
number of columns to which the buffer output is fo be switched. Each signal
level line may be associated with two buffers.

In another example, each buffer has a plurality of output stages, and
wherein the number of output stages used is controlled in dependence on the
number of columns to which the buffer output is to be switched.

In a further example, an additional buffer is provided and the additional
buffer is used when the number of columns to which an individual buffer output
is to be switched exceeds half the total number of columns.

These examples each provide arrangements which enable the output
load required of each buffer o be used to provide control of the buffer
configuration, in order to ensure stability of the buffer arrangements. The
number of grey levels will typically be much smaller than the number of
columns, so that the arrangement of the invention reduces the number of
buffers required.

Preferably, each pixel comprises a thin film transistor switching device
and a liquid crystal cell, wherein each row of pixels share a row conductor
which connects to the gates of the thin film transistors of the pixels in the row,
and wherein row driver circuitry provides sow address signals for controlling
the switching of the transistors of the pixels of the row.

According to a second aspect of the invention, there is provided a
method of providing pixel drive signals to a display device comprising an array
of liquid crystal pixels arranged in rows and columns, the method comprising:

JP 2004-523003 A 2004.7.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

Q7

WO 02/671378 PCT/IB02/00570

10

30

generating all possible pixel drive signal levels;

providing each pixel drive signal level to an associated buffer;

staring the required pixel drive signals for a row of pixels in a memory;

calculating the required number of pixels of the row to be addressed by
each drive signal;

controlling the buffers in dependence on the calculated number of
pixels; and

switching the buffer outputs onto the columns during the row address
period for the row to be addressed.

The step of controling the buffers may comprise applying an
appropriate bias current to the buffers, selecting hetween alternative buffers
for sach pixel drive signal level or selecting a number of output stages to be
connected to each buffer.

The invention also provides column address circuitry for driving the
columns of a liquid crystal display, comprising circuitry for generating all
possible drive signal levels on separate signal level lines and a buffer
associated with each signal level line, the outputs of the buffers being
selectably switchable onto the column oufputs, wherein the column address
circuitry further comprises a memary for storing the signal levels to be provided
to each column, and wherein the buffers are controlled in dependence on the

stored signal levels.

Examples of the invention will now be described in detail with reference
to the accompanying drawings, in which:

Figure 1 shows one example of a known pixel configuration for an
active matrix liquid crystal display;

Figure 2 shows a display device including row and column driver
circuitry;

Figure 3 shows a conventional column driver circuit;

Figure 4 shows a column driver circuit according to the invention;

Figure 5 shows in greater detail the memory in the circuit of Figure 4;

Figure 6 shows in greater detail part of the memory of Figure 5;

JP 2004-523003 A 2004.7.29
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Figure 7 shows one buffer configuration for use in the column driver
circuit of the invention;

Figure 8 shows another buffer configuration for use in the column driver
circuit of the invention; and

Figure 9 shows a further buffer configuration for use in the column
driver circuit of the invention.

Figure 1 shows a conventional pixel configuration for an active matrix
liquid crystal display. The display is arranged as an array of pixels in rows and
columns. Each row of pixels shares a common row canductor 10, and each
column of pixels shares a common column conductor 12. Each pixel
comprises a thin film transistor 14 and a liquid crystal cell 16 arranged in series
between the column conductor 12 and a common potential 18. The transistor
14 is switched on and off by a signal provided on the row conductor 10. The
row conductor 10 is thus connected to the gate 14a of each transistor 14 of the
associated row of pixels. Each pixel may additionally comprise a storage
capacitor 20 which is connected at one end 22 to the next row electrode, to the
preceding row electrode, or to a separate capacitor electrode. This capacitor
20 helps to maintain the drive voltage across the liquid crystal ceil 16 after the
transistor 14 has been turned off. A higher fotal pixel capacitance is also
desirable to reduce various effects, such as kickback, and to reduce the grey-
level dependence of the pixel capacitance.

In order to drive the liquid crystal cell 16 to a desired voltage to obtain a
required grey level, an appropriate signal is provided on the column conductor
12 in synchronism with a row address pulse on the row conductor 10. This
row address pulse furns on the thin film transistor 14, thereby allowing the
column conductor 12 to charge the liquid crystal cell 16 to the desired voltage,
and also to charge the storage capacitor 20 fo the same voltage.

At the end of the row address pulse, the transistor 14 is turned off. The
storage capacitor 20 reduces the effect of liguid crystal leakage and reduces
the percentage variation in the pixel capacitance caused by the voltage
dependency of the liquid crystal cell capacitance. The rows are addressed

JP 2004-523003 A 2004.7.29
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sequentially so that all sows are addressed in one frame period, and refreshed
in subsequent frame periods. :

As shown in Figure 2, the row address signals are provided by row
driver circuitry 30, and the pixel drive signals are provided by column address
circuitry 32, to the array 34 of display pixels.

In order to enable a sufficient current to be driven through the thin film
transistor 14, which is implemented as an amorphous silicon thin film device, a
high gate voltage must be used. In particular, the period during which the
transistor is turned on is approximately equal to the total frame period within
which the display must be refreshed, divided by the number of rows. It is well
known that the gate voltage for the on-state and the off-state differ by
approximately 30 volts in order to provide the required small leakage current in
the off-state, and sufficient current flow in the on-state to charge or discharge
the liquid crystal cell 16 within the available ime. As a result, the yow driver
circuitry 30 uses high voltage components.

There are various known addressing schemes for driving the display of
Figure 1, and these will not be described in detail in this text. Some of the
known operational techniques are described in greater detail, for exarﬁpla in
US-A-5 130 828 and WO 99/52012, and these documents are incorporated
herein by way of reference material. The invention is applicable to any
particular drive scheme, and for this reason, no further explanation will be
given of the precise operation of any particular drive scheme. This will be well
known to those skilled in the art.

Figure 3 shows a conventional column driver circuit. The number n of
different pixel drive signal levels are generated by a grey level generator 40,
for example a resistor array. A switching mafrix 42 confrols the switching of
the required level to each cofumn and comprises an array of converters 43 for
selecting one of the n grey levels based on a digital input from a latch 44. The
digital input is derived from a RAM storing the required image data 45. Each
column is provided with a buffer 46 for holding & pixel in the column to the
required drive signal level for the full duration of the row address period. This
large number of buffers 46 results in high power consumption.
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To reduce power in a low power chipset to drive the active matrix LCD,
the total number of buffers needs to be reduced. This also enables less area
to be occupied. In accordance with the invention, the grey level voltages are
generated and then switched through an associated buffer to the relevant
column, as shown in Figure 4,

The grey level generation circuit 50 comprises a resistor array between
maximum and minimum voltages, with each tap 52 being provided to an
associated buffer 54. There are N buffers in total, providing the N grey scale
levels. The N signai levels are provided to a switching maftrix 56 which
enables one of the N levels to be switched to each column, based on the
image data 58 provided from a RAM. Each column is associated with a 1 of N
selector 57. In the example of Figure 4, the required pixel data is defined by a
six bit word, giving a total number of grey scale levels, N, of 64.

The number of columns that any one buffer 54 is driving will depend on
the number of pixels in the addressed row which have the same pixel data.
This means that each buffer has a possible maximum to minimum load ratio of
500 to 1 for a display with 500 columns. This load range is too large and
results in unstable or extremely large buffers, To overcome this, the invention
provides an architecture by which the number of columns is known, and hence
the load seen by each buffer can be determined.

A histogram is constructed in RAM of the pixel data for the row. This
enables the number of columns each buffer will be driving to be determined,
and therefore enables the load fo be calculated. The buffers are then
controfled in dependence on the stored pixel data, as represented
schematically by arrow 60 in Figure 4, which represents the RAM histogram
data.

Figure 5 shows the architecture of the RAM for sforage of the histogram
data. In conventional manner, image data is received from a host at the input
70. This is written into an image data storage section 72 of the memory using
a line store 74. The invention can be implemented using an additional area of
RAM 78, which is reserved for storing the histogram data for each row in the
image. The histogram data is obtained using counters 78. The organisation of
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the histogram part 76 of the memory for ane row is shown in detail in Figure 6.
The number of pixels in a row having each of the N signal levels V1, V2 ... VN,
is stored, as number Ny,

Image data is written from the host to the area 72 of the RAM and is
then piped from the area 72 to the column driver switching matrix 56,
whenever the latter needs to be refreshed. During the period whenv data is
being written to the area 72 of RAM via the line store 74, the series of counters
78 build up the histogram data and, when all of the row data has arrived,
stores the histogram at the appropriate location 76 in the RAM. in this way,
the histogram only needs to be calculated once when the data arrives. The
alternative is to calculate the histogram data when it is being read out from the
RAM as the display is being updated. However, in this latter case ‘the
histograms will be calculated up to frame rate times per second for each row
and this will cost power.

There are various ways to use this histogram data fo controf the
configuration of the buffers, so that the buffers are stable at the required output
load.

Figure 7 shows a first example in which the histogram data is used to
vary the capacitive drive capability of simple 2-stage amplifier. A conventional
2-stage circuit 80 is extended by adding extra cutput stages 82 in parallel.
These additional output stages 82 are enabled under contral from the
histogram information (Ho, H1, H2 and H3). Thus, a number of output stages
can be switched into operation as a function of the required output load. This
enables a low power consumption fo be maintained when there is low oufput
demand, but enables a high output demand to be tolerated by increasing the
currents flowing through the buffer. In this way, the second stage can be
controlled to match the load capacitance, thereby giving similar seftling
characteristics for the different loads. For example, the output impedance,
slew rate and stability margin can be controlled by switching in selected output
stages. In the illustrated circuit, the “resofution” of the oufput stage switching is
four columns, so that each configuration of the amplifier needs fo be capable
of driving a capacitive load that varies from a lowest value to a highest value a

(0
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factor of 4 greater than the lowest value. In the example shown, one output
configuration is for 1 to 4 columns, the next configuration is for 5 to 16
columns, and so on. This method of adjusting the ocutput stages of the
amplifier effectively adjusts the output impedance of the buffer to maintain
stability for the required output load. Unused buffers can be powered down,
again to reduce the total power.

There are of course other schemes for varying the buffer configuration
in dependence on the desired output load. For example, the buffers may have
a bias current input. The bias current may then be altered as a function of the
output load, to provide the desired matching. Alternatively, the buffer may be
provided with a buffer loading capacitor. As the output load is increased, the
buffer loading capacitor can be switched out of circuit, so that the overall load
capacitance (the buffer loading capacitance and the output load capacitance)
rerains fairly constant.

Figure 8 shows an arrangement in which each signal level line is
associated with two buffers 54a and 54b. Each of the two of buffers is suitable
for different output loads. One of the two buffers is selected in dependence on
the number of columns to which the buffer output is to be switched. Thus, the
histogram data at input 60 controls switches 62 arranged in complementary
pairs. This enables the maximum output load variation to be halved. Each
signal level line may of course be associated with a greater number of buffers.

In the example of Figure 9, an additional buffer 92 is provided and the
additional buffer 92 is used when the number of columns to which an individual
buffer output is to be switched exceeds half the total number of columns.
Thus, if buffer 540 in Figure 9 is to supply more than half the pixels of a row
(as determined from the histogram data 60), a switching matrix 94 routes the
corresponding signal level V1 from the grey level generator 50 to the additional
buffer 92. The output of buffer 82 is used to drive some columns whereas the
output of buffer 540 is used to drive others. The switching matrix 56 then
receives N+1 signal levels, and the histogram data 60 is used to controi the
switching matrix 56 so that when one signal level is reguired for more than half

/!
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of the pixels of the row, this load is shared between the buffer for that signal
level and the additional buffer.

There may be two or more additional buffers, which enables the
required output load range of the individual buffers to be reduced further.

The terms “row” and “column” are somewhat arbitrary in the description
and claims. These terms are intended to clarify that there is an array of
elements with orthogonal lines of elements sharing common connections.
Although a row is normally considered to run from side to side of a display and
a column to run from top to bottorn, the use of these terms is not intended to
be limiting in this respect.

The column circuit may be implemented as an integrated circuit, and the
invention aiso relates to the column circuits for implementing the display
architecture described above.

Other features of the invention will be apparent to those skilled in the
art.

/>
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CLAIMS

1. A display device comprising an array of liquid crystal pixels
arranged in rows and columns, wherein each column of pixels shares a
column conductor to which pixel drive signals are provided, wherein column
address circuitry is provided for generating the pixel drive signals, the column
address circuitry comprising circuitry for generating all possible drive signal
levels on separate signal level lines and a buffer associated with each signal
level line, the outputs of the buffers being selectably switchable onto the
columns, wherein the column address circuitry further comprises a memory for
storing the signal levels to be provided fo each column, and wherein the
buffers are controlied in dependence on the stored signal levels.

2. A display device as claimed in claim 1, wherein a bias current to
each buffer is controlled in dependence on the number of columns to which
the buffer output is to be switched.

3. A display device as claimed in claim 1, wherein each signal level
line is associated with a plurality of buffers, each of the plurality of buffers
being suitable for different output loads, wherein one of the plurality of buffers
is selected in dependence on the number of columns to which the buffer
oufput is to be switched.

4. A display device as claimed in claim 3, wherein each signhal level
line is associated with two buffers.

5. A display device as claimed in claim 1, wherein each buffer has a
plurality of output stages, and wherein the number of output stages used is
controlled in dependence on the number of columns to which the buffer output
is to be switched.

(3
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B. A display device as claimed in claim 1, further comprising an
additional buffer, and the additional buffer is used when the number of
columns to which an individual buffer output is to be switched exceeds half the
total number of columns,

7. A display device as claimed in claim 6, in which a plurality of
additional buffers are provided, and the additional buffers are used when the
number of columins to which individual buffer outputs are fo be switched
exceed a predstermined fraction of the total number of columns.

8. A display device as claimed in any preceding claim, wherein
each pixel comprises a thin film transistor switching device and a liquid crystal
cell, wherein each row of pixels share a row conductor which connects to the
gates of the thin film transistors of the pixels in the row, and wherein row driver
circuitry provides row address signals for controlling the switching of the
transistars of the pixels of the row.

9. A method of providing pixel drive signals to a display device
comprising an array of liquid crystal pixels arranged in rows and columns, the
method comprising:

generating ali possible pixel drive signal leveis;

providing each pixel drive signal level fo an associated buffer;

storing the required pixel drive signals for a row of pixels in a memory;

calculating the required number of pixels of the row to be addressed by
each drive signal;

controlling the buffers in dependence on the calculated number of
pixels; and

switching the buffer outpuis onto the columns during the row address
period for the row to be addressed.

10. A method as claimed in claim 9, wherein the step of controlling
the buffers comprises applying an appropriate bias current to the buffers.
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11. A method as claimed in claim 9, wherein the step of controlling
the buffers comprises selecting between alternative buffers for each pixel drive

signal evel.

12. A method as claimed in claim 9, wherein the step of controlling
the buffers comprises selecting a number of output stages fo be connected fo
each buffer.

13. A method as claimed in claim 9, wherein the step of controlling
the buffers comprises using an additional buffer to share the output load of an
individual buffer when the number of columns to which the individual buffer
output is to be switched exceeds half the total number of columns.

14. A method as claimed in claim 13, wherein a plurality of additional
buffers are used to share the output loads of ane or more buffers when the
number of columns to which those buffer outputs are to be switched exceed a
predetermined fraction of the total number of columns.

15. Column address circuitry for driving the columns of a liquid
crystal display, comprising circuitry for generating all possible drive signal
levels on separate signal level lines and a buffer associated with each signal
level line, the outputs of the buffers being selectably switchable onto the
column outputs, wherein the column address circuitry further comprises a
memory for storing the signal levels to be provided to each column, and
wherein the buffers are controiled in dependence on the stored signal levels.

/&
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