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7) ABSTRACT

An active matrix liquid crystal (LC) display device, com-
prising in a display area (25) an array of picture elements
(12) each having a picture element electrode (15) which
together with an opposing common electrode (24) defines an
LC display element (21) and a storage capacitor (20) con-
nected to the picture element electrode, includes adjustment
means (40,34) for adjusting drive signals applied by a drive
circuit (35) to the picture elements (12) in accordance with
changes in the LC capacitance. The adjustment means
comprises an oscillator circuit (40) which is coupled to at
least some of the picture elements in the array and whose
oscillation frequency is determined by a capacitance asso-
ciated with those picture elements and dependent on the
capacitances of their LC display elements. The oscillator
circuit may be coupled, via switch means (50,61,72), to a
storage capacitor line (22) interconnecting the storage
capacitor (20) of the picture elements (12) or to the common
electrode (24). The oscillator circuit may be integrated on a
substrate of the device, together with the picture element
drive circuitry (35).
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ACTIVE MATRIX LIQUID CRYSTAL DISPLAY
DEVICES WITH FEEDBACK CONTROL OF
DRIVE SIGNALS

[0001] This invention relates to active matrix liquid crystal
display devices (AMLCDs) and more particularly to AML-
CDs having in a display area an array of picture elements
operable to produce a display image, each picture element
comprising a picture element electrode, which together with
an opposing, common, electrode defines a liquid crystal
display element, and a storage capacitor connected to the
picture element electrode, and including adjustment means
for adjusting drive signals applied to the picture elements in
accordance with changes in the liquid crystal capacitance.

[0002] Techniques for automatically controlling display
drive parameters, for example, the DC bias appearing across
the display elements in an AMLCD, are known. However,
such techniques are often complicated and difficult to imple-
ment. In order to provide automatically adjustments to the
drive signals using a feedback type control circuit it is
necessary to identify a way of determining how the liquid
crystal (LC) material is affected by the drive voltages
applied to it. A preferable characteristic in this respect is the
capacitance of the LC material. The capacitance of the LC
layer is related to the orientation of the LC molecules and
therefore is closely related to the optical behaviour of the LC
display elements.

[0003] W001/91427 describes an LC display device in
which pairs of interconnected dummy LC display elements
located outside the display area are driven in a particular
way, shorted together and the resulting voltage measured
with a sense amplifier, this voltage being an indication of
response time or the clearing temperature of the LC material.
However, these techniques normally require the use of
analogue circuitry and therefore are unsuitable in, for
example, display devices having integrated drive circuitry
fabricated using the same thin film technology as for the
picture element array, such as poly-Si AMLCDs using
polycrystalline silicon type thin film transistors (TFTs) as
switching devices in the picture elements. For such pur-
poses, it would be desirable to use a technique which can be
implemented using simple circuitry that can easily be inte-
grated onto a substrate of the display device using TFT5,
thereby minimising the external circuitry required to operate
the display and avoiding the need to adjust individually the
drive conditions of each display.

[0004] Tt has also been proposed in WO 01/91427 to use
in an AMLCD for the purpose of sensing the clearing point
of the LC material a single dummy LC display element
located outside the area of the picture element array which
is connected to an oscillator circuit and whose capacitance
is one of the parameters that determines the frequency of
oscillation. This approach may be acceptable for sensing
simply the clearing point, but is unsuitable for measuring
other operational characteristics of the device, particularly
those associated with the behaviour of the actual display
elements, for example the response of the LC material to
applied voltage or temperature changes. For this the dummy
display element would need to be truly representative of the
actual display elements in all aspects of their behaviour,
which would be difficult to achieve in practice. Amongst
other things, the effect of stray capacitance of the measure-
ment circuit, or the connections to it, on the operation of the
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single dummy display element would probably make it
impossible to use the dummy display element for such
measurement purposes.

[0005] According to the present invention, there is pro-
vided an AMLCD as described in the opening paragraph,
wherein the adjustment means comprises an oscillator cir-
cuit which is coupled to a plurality of picture elements in the
array and whose frequency of oscillation provides a measure
of a capacitance associated with the plurality of picture
elements and dependent on the capacitance of their LC
display elements.

[0006] The invention results in significant advantages.
Because the adjustment means uses actual picture elements
in the display area, the difficulty of creating dummy display
elements that are truly representative of the actual display
elements in all aspects of their behaviour is avoided. The
measurement will take into account different drive condi-
tions experienced by the display elements over time, for
example resulting from different video images being dis-
played over prolonged periods, without necessarily requir-
ing the generation of any special drive signals. Moreover,
the result of the measurement performed by the adjustment
means would be representative of the average drive condi-
tions experienced by the LC display elements of the picture
elements used taking into account variations over the area of
the picture element array, for example in alignments or
dielectric layer thicknesses, and consequential non-unifor-
mities.

[0007] Further, because the adjustment means measures a
capacitance to which a plurality of picture elements con-
tribute, rather than the capacitance of a single display
element, the effect of stray capacitance of the adjustment
means, or connections to it, is avoided or at least consider-
ably reduced. Importantly, unlike the approach used in the
earlier proposal, the invention does not rely on the direct
measurement of an individual LC display element capaci-
tance. Further, the technique used in the invention is entirely
compatible with utilising picture elements in the array and
does not require, for example, picture element electrodes to
be connected together in a particular fashion. In this respect,
the adjustment means is preferably arranged to measure the
capacitance associated with either the common electrode or
the storage capacitors of the plurality of picture elements, in
the latter case preferably via the storage capacitor line(s)
conventionally used to connect the storage capacitors of a
row of picture elements together. It will be appreciated that
the capacitances of the storage capacitors and common
electrode depend on the L.C display element capacitances,
and therefore can provide an indirect means of determining
the capacitance, and hence the state, of the LC display
elements without requiring a special display element lay-
out.

[0008] By using in the adjustment means an oscillator
circuit in which the capacitance measured determines (at
least in part) the frequency of oscillation provision of the
adjustment means is simplified. Such an oscillator circuit
can be readily implemented using simple circuitry, for
example with CMOS logic gates, and easily integrated onto
the active substrate of the device using thin film circuit
components comprising TFTs, for example poly-Si TFTs,
thereby minimising the external circuitry required and
avoiding the need to individually adjust the drive conditions
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of each display device. The frequency of oscillation of the
circuit provides a measure of the response of the LC to
factors such as applied voltages and ambient temperature.
The output signal from the circuit, indicative of the fre-
quency, can readily be used to implement automatic adjust-
ment of one or more of the parameters of the drive wave-
forms employed.

[0009] In order to avoid, or at least minimise, disturbance
to the display image produced by the picture elements, for
example as a result of the performance of a measuring
operation possibly affecting the voltage waveforms appear-
ing across the LC, then the measurement by the adjustment
means may be applied to all the picture elements in the array,
either simultaneously or in groups. Accordingly, this will
avoid banding or blocking effects in the display image which
may otherwise be apparent if, for example, only a few rows
of picture elements were to be used for measurement pur-
poses.

[0010] Switch means is preferably included which is
selectively operable to switch the common electrode or
storage capacitor connection line between a potential source
and the oscillator circuit.

[0011] Any possible disturbance of the display elements
voltage is likely to occur only while a measurement is being
made. The time required to perform a measurement can be
made very small in comparison with the frame period so that
display element disturbance will have only a very small
effect on the rms voltage or average voltage appearing across
the display elements.

[0012] Embodiments of AMLCDs in accordance with the
present invention will now be described, by way of example,
with reference to the accompanying drawings, in which:

[0013] FIG. 1 shows the equivalent circuit of a conven-
tional AMLCD;
[0014] FIG. 2 illustrates in block diagram the operating

principle of an AMLCD in accordance with the invention;

[0015] FIG. 3 shows schematically an example circuit
employed in adjustment means used in an AMLCD accord-
ing to the invention,

[0016] FIG. 4 illustrates example waveforms present in
operation of the circuit of FIG. 3;

[0017] FIG. 5 is a graph illustrating the relationship
between certain drive voltages and the output of the circuit
of FIG. 3;

[0018] FIG. 6 is a graph illustrating the relationship
between a common electrode voltage of AMLCD and the
output of the circuit of FIG. 3;

[0019] FIG. 7 shows the equivalent circuit of a first
embodiment of AMLCD according to the present invention;

[0020] FIG. 8 illustrates an alternative arrangement in the
AMLCD of FIG. 7; and

[0021] FIG. 9 shows the equivalent circuit of a second
embodiment of AMLCD in accordance with the present
invention.

[0022] Tt will be appreciated that the figures are all sche-
matic. The same reference numbers and symbols are used
throughout the figures to denote the same or similar parts or
features.
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[0023] Various embodiments of AMLCDs in accordance
with the invention will be described. The construction and
general operation of these devices follow conventional prac-
tice and will not be described here in detail. For further
information in these respects reference is invited, for
example, to US-A-5130829 which describes the basic opera-
tional and constructional principles of an AMLCD.

[0024] The circuit configuration of a typical AMLCD is
shown schematically in FIG. 1. The device comprises a row
and column matrix array of picture elements 12 located at
respective intersections between crossing sets of row and
column address conductors 14 and 16. Each picture element
has a TFT (thin film transistor) 18 whose drain electrode is
connected to a picture element electrode 15 and whose gate
and source electrodes are connected to a row conductor 14
and column conductor 16 respectively. The gates of the TFTs
in a row of picture elements 12 are connected to the same
row conductor 14 while the source electrodes of all TFTs in
a column of picture elements are connected to the same
column conductor 16. Each picture element 12 further
includes a storage capacitor 20 connected between the
picture element electrode 135 and a respective capacitor line
22 shared by a row of picture elements. The capacitor lines
22 for all rows in the array are connected at their ends to a
predetermined reference potential source 23, for example,
ground. The conductors 14 and 16, TFTs 18, picture element
electrodes 15, storage capacitors 20 and lines 22 are all
carried on an insulating first substrate (not shown), for
example of glass. A second substrate, for example also of
glass, spaced form the first substrate carries an electrode
layer 24, typically of ITO, common to all picture elements
12 in the array. LC material is disposed between the two
substrates and each picture element electrode 15 together
with the immediately overlying portion of the common
electrode 24 and the L.C material sandwiched therebetween
constitutes an LC display element 21. The two substrates
together with the LC material sealed inbetween form an LC
cell structure.

[0025] The array of picture elements 12 defines a display
area 25 (here the area denoted by a dotted line) in which a
display image is produced in operation. The rows of picture
elements 12 are addressed one at a time in sequence by
means of a row drive circuit 28 which applies to each row
conductor 14 in turn a selection (gating) signal in a respec-
tive row address period which turns on the TFTs 18 of the
row. A column drive circuit 30 applies data signals to the
column conductors 16, obtained by sampling an input video
signal, in synchronism with row addressing such that the
picture element electrodes 15 in a selected row are charged,
via the TFTs, according to the level of the voltage of the data
signals on the respective column conductors 16. The drive
voltage applied to a picture element electrode 15 determines
a desired display effect with the light transmission through
the display element 21 being modulated according to the
level of the applied drive voltage to produce a display output
ranging from fully on (white) to fully off (black) through
intermediate grey-scale levels. At the end of the row address
period, following termination of the selection signal, the
TFTs of the row are turned off to isolate the electrodes 15
and the applied voltage is stored on the display element
capacitances and their associated storage capacitors 20 until
they are addressed again, usually in the next frame period.
Each row of picture elements is addressed in turn so as to
build up a complete display picture over one frame and the
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array of picture elements repeatedly addressed in this man-
ner in subsequent frame periods.

[0026] In each of the AMLCD embodiments to be
described adjustment means in the form of a feedback
control circuit is used to provide automatic adjustment of,
for example, the picture element drive waveforms for vari-
ous purposes, as will be explained. To this end the capaci-
tance of the LC layer at the display elements of the device
is utilised as a means of determining the effect on the L.C of
applied drive waveforms, e.g. voltages and timings, the LC
capacitance being related to the orientation of the LC
molecules, and thus closely related to the optical behaviour
of the LC display elements. In these embodiments an
oscillator circuit is employed in the adjustment means and
the capacitance of the LC provides one of the parameters
which determines the frequency of oscillation. This fre-
quency therefore provides a measure of the response of the
LC to factors such as applied voltage and temperature.

[0027] To obtain the LC capacitance, a group of picture
elements, a number of groups of picture elements, or all the
picture elements in the picture element array may be utilised
so as to provide an average capacitance measurement.

[0028] The general scheme of the operation of the embodi-
ments of AMLCD with the adjustment means is shown in the
block diagram of FIG. 2, in which the block 35 represents
the array drive circuit, which includes the row and column
driver circuits 28 and 30, the block 36 represents the array
of picture elements 12. The drive circuit 35 is arranged to
produce required LC drive voltage waveforms across the L.C
display elements. These waveforms may typically be similar
to those used conventionally.

[0029] A display control circuit, 34, provides the neces-
sary timing and control signals for the array drive circuit 35
and also the video signal VS supplied to the circuit 34 from
an external video source and from which the data signals for
the picture elements are derived. Picture elements in the
array are connected to the oscillator circuit, here denoted by
the block 40 through a coupling circuit 38. The function of
the circuit 38 is to couple the capacitance of the LC display
elements 21 of the picture elements 12 to the input of the
oscillator circuit 40 so that the frequency of oscillation
depends on the display element capacitance whilst limiting
the extent to which the operation of the circuit 40 might
affect the voltages across the display elements 21 and also
limiting the direct effect that the drive waveforms applied to
the display elements have on the operation of the circuit 40.
The drive waveforms will, of course, affect the frequency of
oscillation indirectly by way of changing the capacitance of
the LC display elements.

[0030] FIG. 3 shows schematically an example imple-
mentation of the coupling and oscillator circuitry in more
detail. For simplicity, here only one LC display element 12
is shown although in practice a plurality of display elements
would be used. The liquid crystal drive circuit 35 includes a
source of an alternating voltage waveform D (e.g. the LC
data signal drive waveform from the column drive circuit
30) and a switch S;, comprising a TFT 18, which allows the
LC display element to be periodically charged, (according to
a switching signal S controlling the switch S,) to the level
of the LC drive waveform D. Connected in parallel with the
capacitance of the LC display element, C; , is the storage
capacitor 20 with capacitance Cg. The second terminal of the
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storage capacitor is connected to ground via a switch, S,.
The input of the oscillator circuit 40 is coupled to the display
element 21 by the series connected capacitors C. and Cg.
The oscillator is formed using a CMOS inverter 45 with a
resistor 46, R, providing feedback from the output of the
inverter to the input. The output of the oscillator is buffered
by a second inverter 47. When the switch S, is closed the
capacitance at the input of the oscillator is approximately
equal to C.. When a measurement indicative of the capaci-
tance of the LC display element 21 is to be made switch S,
is opened. The capacitance at the input of the oscillator is
then approximately (1/C; -+1/Cg+1/C)™". The frequency of
oscillation of the circuit therefore depends on the value of
Cic

[0031] Waveforms which illustrate how this circuit might
be operated are shown in FIG. 4. The LC display element
drive signal waveform D consists of a frame inversion data
signal voltage waveform which changes polarity every 16.6
ms (for a VGA display). The select waveform, S, causes the
switch S; to close once in every 16.6 ms period which results
in charging of the storage capacitor 20 and the LC display
element 21 capacitance to the LC drive signal voltage. LCE
is the voltage across the LC display element 21. When the
capacitance of the display element 21 is to be measured the
measurement enable waveform M applied to the switch S,
goes high causing switch S, to open. The duration of the
measurement enable pulse in this example is set at 1 ms. The
oscillator operates continuously and when the measurement
enable signal is low the frequency of oscillation depends
principally on the value of the capacitance C.. When the
measurement enable signal is high the frequency of oscil-
lation depends on the value of the series combination of
C; o Cgand C, thatis (1/C, +1/Co+1/C) . The oscillator
circuit output waveform, comprising a succession of output
clock pulses, is shown at OS. This signal is fed back to the
display control circuit 34 where it can be used to provide
adjustments to drive waveforms for various different pur-
poses. During the measurement process a small signal will
be coupled from the input of the oscillator circuit onto the
LC display element 21. However this will have relatively
little effect on the behaviour of the liquid crystal because of
its low amplitude and relatively short duration. A measure of
the capacitance of the LC display element 21 can be
obtained by counting the number of cycles of the oscillator
output during the 1 ms period when the measurement is
enabled. The oscillator frequency provides an instantaneous
measurement of the capacitance of the LC display element
21. In this example, the measurement is enabled (M) some
time after the change in the polarity of the drive voltage
applied to the liquid crystal in order to allow for the response
time of the liquid crystal molecules.

[0032] FIG. 5 shows measured results illustrating the way
the number, N, of oscillator clock periods during the mea-
surement period of 1ms varies with the peak to peak drive
voltage, P, applied to the LC display elements by the liquid
crystal drive circuit 35. When the drive voltage is low the
capacitance of the LC element is relatively low and therefore
the frequency of oscillation and the count of the oscillator
clock periods is relatively high. As the drive voltage is
increased the liquid crystal molecules start to react to the
applied voltage by changing their orientation which results
in an increase of the capacitance of the LC element. This
causes the capacitance at the input of the oscillator to
increase which in turn causes the oscillator frequency and
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the count of oscillator clock periods to fall. As the drive
voltage is increased further the movement of the liquid
crystal molecules start to saturate so that the capacitance of
the LC element tends towards a maximum value and the
oscillator clock frequency tends towards a minimum value.

[0033] The variation of oscillator frequency with drive
voltage which is shown in FIG. § gives an indication of the
response of the liquid crystal to the applied peak to peak
drive voltage and can therefore be used in the display control
circuit 34 to provide automatic adjustment of the drive
voltage waveforms of the display device. For example,
changes in the behaviour of the liquid crystal as the ambient
temperature of the display varied can be detected using this
technique. This might involve determining the threshold
voltage of the liquid crystal by detecting the drive voltage at
which the capacitance of the liquid crystal starts to increase
from its minimum value (the point at which the oscillator
frequency starts to fall from its maximum value). Knowl-
edge of the threshold voltage of the liquid crystal could then
be used to determine the drive voltages required by the
display device. In a more advanced scheme the measured
capacitance versus drive voltage behaviour of the liquid
crystal might be used to determine the gamma correction
applied to the display device. This might be carried out by
using the capacitance information to generate data for a look
up table or by using it to select one of a number of
predetermined gamma functions.

[0034] Another aspect of establishing the correct drive
voltages for a liquid crystal display device is minimising the
dc voltage across the liquid crystal. If the dc voltage applied
to the LC display elements 21 is not set correctly then
problems such as low frequency flicker and image sticking
can occur. By comparing the capacitance of the LC display
element resulting from positive and negative drive voltages
it is possible to determine when the de voltage across the
liquid crystal is correctly adjusted. FIG. 6 shows the effect
that varying the dc voltage applied to the common electrode
24 of the LC display element 2 has on the oscillator
frequency during periods when the LC element receives
positive and negative drive voltages. In this Figure, CE is the
common electrode voltage, N is, again, the number of
oscillator clock periods in 1 ms, and NDP and PDP are
respectively the negative drive period and the positive drive
period.

[0035] When the common electrode potential is correctly
adjusted the voltage across the liquid crystal is equal in
magnitude but opposite in polarity during positive and
negative drive periods. Therefore the capacitance of the LC
display element 21 and the frequency of the oscillator will
be the same for the positive and negative drive periods.
When the dc voltage on the common electrode 24 is made
more negative than its optimum value the voltage across the
liquid crystal is increased during the positive drive periods
and decreased during the negative drive periods. As a result,
the capacitance of the liquid crystal is increased during the
positive drive period and decreased during the negative
drive period. This is reflected in the decreased oscillator
frequency during the positive drive period and the increased
frequency during the negative drive period which can be
seen in FIG. 6. When the common electrode potential is
made more positive than its optimum value the changes are
reversed.
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[0036] There is an increase in the oscillator frequency
during the positive drive period (PDP) and a decrease in the
frequency during the negative (NDP) drive period. Using the
output signal OS, therefore, the dc voltage appearing across
the LC display element can accordingly be minimised by
adjusting the de potential of the common electrode 24 until
the difference between the oscillator frequencies in positive
and negative drive periods is minimised.

[0037] Referring again to FIG. 2, the output from the
oscillator circuit 40 is fed back to the display control circuit
34. This circuit applies drive signals to the picture element
array via the drive circuit 35 and measures this response by
determining the output frequency of the oscillator circuit 40.
The circuit 34 controls the characteristics of the drive signals
applied to the array and uses the information obtained from
the measurement of the LC display elements’capacitance to
ensure that the applied drive waveforms are correctly
adjusted. Suitable circuits for modifying or adjusting the
drive signals for the purposes described previously will be
apparent to persons skilled in the art.

[0038] The oscillator circuit 40 may be used to measure
the capacitance of the liquid crystal in a number of ways. For
example, it might be operated continuously so that the
frequency of oscillation provides an indication of the way in
which the capacitance of the liquid crystal cell structure
varies with time. Alternatively, the oscillator circuit might be
operated at specific times, effectively sampling the value of
the liquid crystal capacitance. The drive voltage applied to
the liquid crystal might be stepped through a number of
values and the capacitance measured for each value in order
to characterise the response of the liquid crystal to drive
voltage. Other characteristics of the drive signals might be
varied and the response of the liquid crystal measured, for
example the response to a change in drive frequency or
addressing frequency might be measured.

[0039] Example embodiments of AML.CDs in accordance
with the present invention using the above described type of
adjustment means will now be described. In these embodi-
ments, all the LC display elements 21 in the display area
array are utilised by the adjustment means. The possibility of
unwanted display artefacts which could occur when using
only selected display elements for this purpose is then
avoided. However, only some of the display elements may
be utilised if desired. In these embodiments, the oscillator
circuit 40 is arranged to measure a capacitance which is
associated with the display elements and which is dependent
on the LC display element capacitances rather than measur-
ing an LC display element capacitance directly. The capaci-
tor lines 22 or the common electrode 24 are utilised for this
purpose. As actual picture elements in the array display area
are used rather than dummy picture elements, the measure-
ment consequently takes into account the different drive
conditions experienced by the picture elements, for example
resulting from different video images being displayed over
time, without requiring the generation of any special drive
signals. The result of the measurement will be representative
of the average drive conditions experienced by the picture
elements taking into account also variations over the area of
the array due to variations in alignments or dielectric thick-
nesses.

[0040] Referring to FIG. 7, the circuit configuration of a
first embodiment of AMLCD in accordance with the inven-
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tion is shown in which the capacitor lines 22 are used to
provide the input to the oscillator circuit 40. The device is in
most respects similar to that of FIG. 1. The capacitor lines
22 are all interconnected together at their one ends and,
again, connected to the low impedance, reference potential
source 23, except in this case via a switch, 50, corresponding
to the switch S, in the FIG. 3 circuit arrangement. The lines
22 are connected also to the input of the oscillator circuit 40
via the coupling capacitor C, as in the FIG. 3 circuit
arrangement.

[0041] When a measurement is being made, the switch 50
connecting the lines 22 to the low impedance source 23 is
opened so that the capacitance of the display elements 21
becomes one of the parameters determining the frequency of
oscillation of the circuit 40.

[0042] The polarity of drive voltages applied to the LC
display elements 21 usually needs to be inverted periodi-
cally. Conventionally, this inversion may be every frame.
However, in some schemes, for example a line inversion
drive scheme in which the polarity of drive voltages is
inverted for successive rows, the nature of the addressing of
the picture elements may be such that half the display
elements are addressed with a positive drive voltage and half
the display elements are addressed with a negative drive
voltage. If it is necessary to separately measure the response
of the LC display elements 21 to these two drive polarities
then it will be necessary to provide separate connections to
display elements receiving positive and negative drive volt-
ages. For example, if the array is addressed using a row
inversion drive scheme in which alternate rows of picture
elements are addressed with opposite polarities then the
capacitor lines 22 of the alternate rows could be joined to
common points and a switching arrangement used to con-
nect the elements of one of the two sets of rows to the input
of the oscillator. This would allow a capacitance measure-
ment to be made on display elements receiving positive
drive voltages and display elements receiving negative drive
voltages within the same frame period.

[0043] As mentioned earlier the finite response speed of
the liquid crystal molecules means that when the drive
voltage applied to the liquid crystal is changed it takes some
time for the liquid crystal to respond to this change. In the
measuring scheme indicated previously (FIG. 4) the capaci-
tance measurement is made shortly before the voltage across
the LC display element 21 is inverted in order to ensure that
the liquid crystal had been given time to react to any change
in voltage. A similar approach can be implemented when the
capacitance associated with the display elements is being
measured by using the coupling arrangement in the alterna-
tive device circuit illustrated in FIG. 8. In this case a
capacitor line selector circuit 60 selectively controlling a
group of change-over switches 61 is used to determine
which of the capacitor lines 22, or groups of capacitor lines,
is connected to the input of the oscillator circuit 40 at any
one time. The switching of the capacitor line selector circuit
60 can be synchronised with the operation of the row drive
circuit 28 of the device to ensure that the capacitance
measurements are made at an appropriate time within the
addressing cycle of each row of picture elements.

[0044] The description above indicates the general manner
in which an oscillator circuit is used to measure the capaci-
tance of LC display elements in order for example to
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determine their response to the applied drive waveforms. A
specific example of an oscillator circuit 40 has been
described (FIG. 3) which is particularly simple and suitable
for integration onto the first substrate of the AMLCD using
thin film transistors. Other types of oscillator circuit could
also be used in a similar way as long as the changing
capacitance of the LC display elements is one of the param-
eters which determines their frequency of oscillation. In the
examples given it is convenient to operate the oscillator
circuit 40 continuously although it would clearly be possible
to enable the oscillator circuit only during a measurement
period in order to minimise the power consumption of the
AMLCD. In the embodiments of FIGS. 7 and 8 the cou-
pling of the input of the oscillator circuit to the LC display
elements is achieved by making use of the storage capacitors
which are normally connected in parallel with the LC
display elements and by adding a further coupling capacitor,
C. There will also be other methods by which the capaci-
tance of the LC elements 21 could be coupled to the input
of the oscillator, as will be apparent to persons skilled in the
art. One such other method would be to use the common
electrode 24 of the AMLCD to provide this connection
rather than the capacitor lines 22.

[0045] FIG. 9 shows the circuit configuration of a second
embodiment of AMLCD according to the invention using
the common electrode 24 to provide input to the oscillator
circuit 40. This example also uses an alternative configura-
tion for the storage capacitor in which separate capacitor
lines are not provided and instead the sides of the storage
capacitors 20 remote from the picture element electrodes 15
are connected to a row address conductor 14 of an adjacent
row of picture elements 12.

[0046] The common electrode 24 is connected to a com-
mon electrode drive circuit 70 via a switch 72 which
corresponds functionally with the switch S, in the FIG. 3
circuit arrangement and to which the measure enable wave-
form M is applied. The common electrode 24 is connected
also to the input of the oscillator circuit 40 via the coupling
capacitor C.. In other respects, the circuitry and the opera-
tion of the adjustment means is similar to that of the previous
embodiment.

[0047] In the above example embodiments, a single oscil-
lator circuit is used to measure the capacitance of different
LC display elements 21. This is important when a direct
comparison of the capacitance of the elements is required
because the measured frequency will depend on the char-
acteristics of the oscillator circuit. However, there may be
circumstances where it is preferable to provide more than
one oscillator circuit. Separate oscillator circuits could be
provided for different sets of LC display elements. For
example, one oscillator circuit may be provided for each row
of picture elements in the case of the embodiment of FIG.

8.

[0048] The measurement of the capacitance of the LC
display elements can be used to control the drive waveforms
of the AMLCD as described previously, for example to
provide automatic adjustment of the drive voltages applied
to the picture elements, specifically the dc voltage appearing
across the liquid crystal and the peak to peak drive voltage
which determines the greyscale performance of the device.
In principle the approach can be extended to the automatic
adjustment of any aspect of the display drive waveforms



US 2005/0243246 Al

which cause the response of the liquid crystal to change. For
example the row select (gating) or non-select voltages of the
waveform applied by the drive circuit 28 to the row address
conductors 14 could be adjusted by detecting whether a
small change in these voltages has any effect on the capaci-
tance (and therefore on the grey-level) of the display ele-
ments within the array. As another example, in order to
minimise the power consumption of the AMLCD, the
addressing frequency could be reduced to a level determined
by detecting when a further reduction in frequency would
result in unacceptable discharge of the display elements
during the frame period. The discharge of the display
element voltage could be detected via the change in the
capacitance of the liquid crystal. This measurement tech-
nique could also be used to determine the switching speed of
the liquid crystal and to adjust a correction algorithm.

[0049] Some of these measurements and adjustments of
the drive waveform parameters could be carried out at
extended intervals, for example, each time that the AMLCD
is turned on. Ideally, the values of the parameters would be
stored so that it was only necessary to make small adjust-
ments to the drive parameters when the device is turned on
rather than having to establish the parameters from some
default setting. These measurements might require some
specific test waveforms or test patterns to be applied to the
AMLCD or the L.C display elements 21 during the test. For
example signals representing different grey levels might be
applied, the drive frequency might be altered, or some other
aspect of the drive conditions varied.

[0050] Other measurements might be performed during
the operation of the AMLCD. For example, adjustment of
the drive voltages to correct for the effect of temperature
variations might be carried out periodically while the device
is operating.

[0051] It may be advantageous to integrate a number of
separate LC display element capacitance measurement cir-
cuits on the devices substrate. These could control different
aspects of the drive waveforms applied to the array and they
could be designed and operated in a way which is best suited
to their function. For example LC display elements 21
within the array could be used to determine the dc voltage
applied to the array. One of the parameters which determines
the de voltage is the offset voltage which occurs within the
picture elements 12 when the TFTs 18 turn off. It is therefore
advantageous to adjust the dc voltage by measuring the
capacitance of the display elements within the array.

[0052] The proposed form of adjusting means is most
relevant to AMLCDs in which the drive circuits are inte-
grated onto the active substrate of the device. However, this
adjustment means and measurement technique could also be
implemented using external circuitry, for example within the
crystalline silicon drive ICs of an AMLCD which does not
have integrated drive circuits.

[0053] From reading the present disclosure, other modi-
fications will be apparent to persons skilled in the art. Such
modifications may involve other features which are already
known in the field of active matrix liquid crystal display
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devices and component parts therefore and which may be
used instead of or in addition to features already described
herein.

1. An active matrix liquid crystal display device having in
a display area an array of picture elements operable to
produce a display image, each picture element comprising a
picture element electrode which together with an opposing,
commor, electrode defines a liquid crystal display element,
and a storage capacitor connected to the picture element
electrode, the device including adjustment means for adjust-
ing drive signals applied to the picture elements in accor-
dance with changes in the liquid crystal capacitance wherein
the adjustment means comprises an oscillator circuit which
is coupled to a plurality of picture elements in the array and
whose frequency of oscillation provides a measure of a
capacitance associated with the plurality of picture elements
and dependent on the capacitance of their respective liquid
crystal display elements.

2. A device according to claim 1, wherein respective first
electrodes of the storage capacitors of the plurality of picture
elements are connected together and wherein the adjustment
means is arranged to measure the capacitance of the con-
nected first electrodes of the storage capacitors.

3. A device according to claim 1, wherein the storage
capacitors are connected between their respective picture
element electrodes and a connection line common to the
storage capacitors of the plurality of picture elements and
wherein the adjustment means is arranged to measure the
capacitance associated with the connection line.

4. A device according to claim 3, wherein the storage
capacitor connection line is connected to switch means that
is selectively operable to couple the connection line to a
source of predetermined potential or to the oscillator circuit
to enable the adjustment means to perform a measuring
operation.

5. A device according to claim 1, wherein the adjustment
means is arranged to measure the capacitance of the com-
mon electrode.

6. A device according to claim 5, wherein the common
electrode is connected to switch means that is selectively
operable to couple the common clectrode to a source of
predetermined potential or to the oscillator circuit to enable
the adjustment means to perform a measuring operation.

7. A device according to claim 1, wherein the oscillator
circuit of the adjustment means is coupled to all the picture
elements in the array with the measurement provided
thereby being dependent on a capacitance associated with
the display elements of all the picture elements in the array.

8. A device according to claim 1, wherein the oscillator
circuit of the adjustment means comprises thin film circuitry
integrated on a substrate of the device which carries the
picture element electrodes.

9. A device according to claim 1, wherein an input of the
oscillator circuit of the adjustment means is coupled to the
plurality of picture elements via a coupling circuit compris-
ing a capacitor.
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