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MATRIX DISPLAY DEVICE
[0001] The present invention relates to a matrix display

device comprising an array of electro-optical display pixels
coupled to sets of address conductors to which drive signals
are applied by drive circuit means in order to drive the
display pixels. The invention is concerned particularly, but
not exclusively, with liquid crystal matrix display devices
and especially active matrix liquid crystal display (AMLCD)
devices.

[0002] Liquid crystal (LC) matrix display devices, both
passive and active matrix type, are well known. Such
devices are commonly used in monitors, lap-top computers,
TVs and like products. A typical example of an AMLCD and
its manner of operation is described in U.S. Pat. No. 5,130,
829 whose contents are incorporated herein by way of
reference material. Briefly, such a display device comprises
an array of pixels, arranged in rows and columns, each
comprising an electro-optic cell and an associated switching
device, usually in the form of a thin film transistor (TFT).
The pixels are connected to sets of row and column address
conductors, each pixel being located adjacent the intersec-
tion between a respective conductor of each set, via which
the pixels are addressed with selection (scanning) signals
being applied to each of the row conductors in sequence to
select that row and with data (video information) signals
being supplied in synchronism with row selection signals via
the column address conductors to the pixels of the selected
row and determining the display outputs of the individual
pixels of the row concerned. The data signals are derived by
appropriately sampling an input video signal in a column
address circuit coupled to the column address conductors.
Each row of pixels is addressed in a respective row address
period in turn so as to build up a display from the whole
array in one field (frame) period, with the array of pixels
being repeatedly addressed in this manner in successive
fields. There is a need to refresh the pixels regularly with
video information due to losses which occur in the pixels. In
the case of an AMLCD, the polarity of the data signal
voltage applied to the LC cells needs to be inverted peri-
odically in order to prevent degradation of the LC material.
This may be done for example after each field (so-called
field inversion) or after each row has been addressed as well
(so-called line or row inversion). Nevertheless, it has been
found that, due to different causes, a parasitic DC offset may
be produced across the layer of liquid crystal material.
Kickback, a phenomena well known in the art of AMLCDs,
is, for example, a cause of DC offset across the cells.

[0003] The DC offset affects the drive of a pixel differently
for opposite polarities in successive frame times. When the
absolute voltages across a pixel in successive frame periods
(for a given data, (video information), signal) differ, this will
give rise to flicker at half the frequency of the frame
frequency used (generally 50 or 60 Hz) which is clearly
visible in the display image.

[0004] FIG. 1 shows a plot of a pixel’s LC cell transmis-
sion T against voltage V across the cell. It can be seen that
the transmission is substantially the same for equal but
opposite voltages and that the plot about the vertical axis is
generally symmetrical. An example DC offset, Y, is shown
on the plot. The driving voltage D applied by the column
address conductors to the cell is therefore offset. For the
positive part of the inversion drive, the voltage across the
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cell is Y+D. For the negative part of the inversion drive, the
voltage across the cell is Y-D. It can be seen that the
transmissions reached for the opposite polarities of drive
with a given value of D are different and vary by X %.
Therefore, for a steady driving data signal of magnitude D,
the cell transmission will change by X % over two frame
periods. This causes flicker at half the frame frequency.

[0005] To reduce the flicker exhibited in this way, it is well
known to adjust the voltage applied across the cell. For
example, this can be done by adjusting the voltage on the
common electrode for successive frames. The common
electrode is driven with a predetermined drive-scheme. For
example, the common electrode voltage is modulated with a
square wave. In order to correct for DC offset, the average
DC of the drive scheme waveform is adjusted without
changing the peak-to-peak AC voltage. The common elec-
trode is typically a transparent electrode common to all
pixels.

[0006] A conventional technique to set the common elec-
trode voltage levels required is a manual adjustment proce-
dure at the time of manufacturing the device. This is time
consuming and expensive.

[0007] WO 99/57706, whose contents are incorporated
herein by way of reference material, discloses a flicker
sensor wherein the voltage difference is measured across
dummy pixels driven with opposite polarity. The dummy
pixels have the same environment as the pixels forming the
image-producing display. The voltage differences concerned
are of the order of mV. Any leakage across the LC cells
disturbs the common electrode drive-scheme waveform.
Therefore the differences in voltage are very difficult to
measure.

[0008] Tt is therefore an object of the present invention to
provide an improved matrix display device of the type
described above. It is another object of the present invention
to provide a matrix display device in which the above-
mentioned drawbacks are at least partly obviated.

[0009] According to the one aspect of the present inven-
tion, there is provided a matrix display device comprising an
array of pixels for producing a display output in response to
drive signal voltages applied by drive circuit means during
address periods with the polarity of the drive signal voltages
being periodically inverted, and correction means for modi-
fying drive signals to correct for display artefacts, wherein
the correction means comprises two pixels arranged so as to
be addressed by the drive circuit means with respective drive
signals of opposite polarity during an associated address
period and the correction means is arranged to connect the
two pixels together in parallel during a measure period,
following the associated address period, and to measure a
voltage on the connected two pixels, the correction means
modifying the drive signal voltages for the pixels in accor-
dance with said measured voltage.

[0010] The invention enables a reduction in flicker effects.
The connected pixels produce a non-zero voltage when there
is a DC offset present in the pixels. This voltage is measured
and drive signals are modified in response, so as to reduce
the measured voltage, towards zero, for subsequent frame
periods. Therefore, the DC offset is corrected for and flicker
is thus reduced.

[0011] In a preferred embodiment, each pixel in the array
is formed at the intersection of crossing sets of row and
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column conductors and comprises an electro-optic display
cell disposed between two opposing electrodes to which the
drive signal voltages are applied. The correction means may
further comprise measuring means for measuring the poten-
tial difference across the opposing electrodes of the con-
nected pixels during the measure period and for adjusting
the drive signal voltages in response to that difference so as
to minimise the potential difference, i.e. such that the
difference tends towards zero. The adjusted drive voltages
may be applied to an electrode common to all pixels.

[0012] According to another aspect of the present inven-
tion there are provided a method of driving a matrix display
device comprising an array of pixels, drive circuit means
operable to address the pixels with drive signal voltages
during address periods, the polarity of the drive signal
voltages being periodically inverted, and correction means
for modifying drive signal voltages, wherein the method
comprises the steps of:

[0013] addressing two pixels with respective drive
signal voltages of opposite polarity during an asso-
ciated address period,

[0014] connecting together, in parallel, the two pixels
during a measure period, following the associated
address period,

[0015] measuring a voltage on the connected two
pixels; and,

0016] modifying the drive signal voltages for the
S g g
pixels in accordance with said measured voltage.

[0017] Further features and advantages of the present
invention will become apparent from reading of the follow-
ing description of preferred embodiments, given by way of
example only, and with reference to the accompanying
drawings, in which:

[0018] FIG. 1 shows the transmission-voltage (T-V) rela-
tionship for a typical LC cell in known matrix LC display
devices;

[0019] FIG. 2 shows schematically the circuit of part of an
embodiment of display device according to the present
invention;

[0020] FIG. 3 shows examples of signal waveforms
applied to the circuit of FIG. 2 during the frame period;

[0021] FIG. 4 is a plot of voltage across a typical LC cell
against time without flicker correction according to the
present invention,

[0022] FIG. 5 is a plot of voltage across a LC cell against
time with flicker correction in accordance with the present
invention;

[0023] FIG. 6 shows schematically an embodiment dis-
play device according to the present invention;

[0024] FIGS. 7 shows schematically a display device
having a preferred pixel layout according to one aspect of
the present invention.

[0025] Tt should be understood that the Figures are merely
schematic and are not drawn to scale. In particular, certain
dimensions may have been exaggerated whilst others have
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been reduced. The-same reference numerals are used
throughout the drawings to indicate the same or similar
parts.

[0026] A first embodiment of the invention will now be
described with reference to FIGS. 2 and 3. FIG. 2 illustrates
schematically a circuit diagram for part of a display device
according to a first embodiment of the present invention, and
comprising an AMLCD device. The device is a transmissive
type device, and the term “transmission” used herein in
relation to the LC cell should be construed accordingly. FIG.
3 shows various signal waveforms applied in operation of
the circuit. Two dummy pixels 31 are shown. Each dummy
pixel 31 is equivalent to a display pixel in the device’s array
of display pixels and comprises a switching element in the
form of a TFT 37 whose gate is connected to a respective
row (selection) conductor 32 and whose source and drain
electrodes are connected respectively to a respective column
(data) conductor 33 and pixel electrode 35 and driven with
similar kinds of drive signals (sclection and data) as the
display pixels. These are located adjacent the edge of the
display area and do not form part of the image-creating array
of display pixels. Drive (selection) signals from a row driver
circuit select the pixels by turning on their TFTs 37 whose
gate electrodes are electrically connected to a row conductor
32, and the source electrodes are electrically connected to
the column conductors 33. For each dummy pixel 31 the
signal present at the column conductor 33 is transferred via
the TFT 37 to a pixel electrode 35 coupled to the drain
electrode and forming a first side of a LC cell 34. The
opposite electrodes of the cells comprise respective portions
of a common electrode 36. Each LC cell thus behaves as a
parallel-plate capacitor as is indicated in the Figure. A
storage capacitor 38 is connected in parallel with each LC
cell, as is conventional.

[0027] The dummy pixels 31 are preferably identical in
construction to the pixels in the display array and have the
same environment. Therefore, they experience the same DC
offset that can result in the flicker of the image displayed.

[0028] The two dummy pixels 31 are addressed, during an
address period t,, corresponding to a row address period,
with a reference data signal having the same voltage mag-
nitude but with opposite polarities. After the address period,
and for the remainder of the frame period the voltage stored
on the pixel capacitance will change slightly.

[0029] FIG. 4 illustrates the nature of the change of stored
pixel voltage in the case of a conventional type of AMLCD
over a few frame periods. The plot shows the voltage across
a cell where the periodically inverted driving voltage is
offset by the electrical asymmetry described above. There-
fore, any measurements taken to correct for flicker are
preferably taken at the end of the frame period ti.. As well as
the evolution of voltage across the cell, the capacitance of
the cell changes with time and with voltage. Therefore, due
to the DC offset, the charge stored on one plate of a capacitor
will not be of an equal magnitude for the positive and
negative parts of the inversion cycle. This property is
exploited to provide a flicker sensor by measuring the
difference in charge stored on the two pixel electrodes of the
dummy pixels.

[0030] In the device of FIG. 2, similar changes occur to
the pixel voltage in the initial frame periods but thereafter,
the effect differs, as will become apparent.
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[0031] Referring again to FIG. 2, towards the end of the
frame period t; a switch 39, preferably double-pole, is
closed for a measure period t,,; comprising a relatively short
period close to the end of the frame period t.. This shorts
together the pixel electrodes 35 of the oppositely charged
dummy pixels 31. A difference in charge stored at the frame
end will result in a non-zero voltage at the pixel electrodes
of the dummy pixels when the shorting occurs over the
measure period ty,. The switch 39 is preferably of low-
leakage in the off-state as the capacitances of the dummy
pixels 31, and hence the charges stored, are relatively low.
The output of the switch 39 is connected to one input of a
comparator 40. The voltage supply line of the common
electrode 36 is connected to a second input of the compara-
tor 40. Therefore, the comparator 40 is arranged so as to
measure the potential difference across the opposing elec-
trodes, 35 and 36, of the connected pixels. The input voltage
to the comparator is analogous to the charge stored on the
dummy pixels after the measure period t,,. The comparator
is preferably of very high impedance and very high gain. The
output from the comparator 40 is connected to a first input
of a latch circuit 41, e.g. a flip-flop. A timing pulse t. (whose
relative timing is shown in FIG. 3) is applied to a second
input of the latch circuit 41 from an input 45. The output of
the latch 41 1s connected to a first input of a counter 42. An
inverter 46, with the timing pulse tr applied to its input, has
its output connected to a second input of the counter 42. The
counter 42 steps the value on a digital-to-analogue converter
(DAC) 43 up or down one value, depending on the polarity
of the signal passed by the latch 41. The DAC 43 then
adjusts the voltage on the common electrode 36, via a buffer
44, for the next frame period, so as to minimise the potential
difference measured by the comparator 40, i.c. such that the
difference tends towards zero.

[0032] Tt is envisaged that the flicker sensor of the first
embodiment may comprise more than two dummy pixels.
For example, two identical rows of pixels could be charged
to equal voltages with opposite polarities. An advantage of
this arrangement is that a greater residual charge will result
due to the increased arca of pixel electrodes 35 which is
easier to sense by the comparator 40 leading to greater
accuracy in the flicker correction. Another advantage of
using more than two dummy pixels, for example, by using
a pair of rows each having the pixels connected together, is
that any inaccuracies due to deficient pixels are averaged out
over the remaining pixels in that row.

[0033] Tt is also envisaged that the dummy pixels 31 may
be scaled up in size so as to increase the capacitance of each
pixel. Again, this will increase the residual voltage sensed by
the comparator 40 and thus increase the accuracy of the
correction.

[0034] Although the embodiments described above relate
to transmissive type displays, it is envisaged that the inven-
tion may also be applied to reflective type AMLCDs. In this
type of display, the reflective electrodes are normally made
from a different material to the transmissive electrodes. This
produces an intrinsic DC offset across the LC cell which is
not present across the parallel connected storage capacitor
38. Therefore it may be necessary to connect an additional
LC cell in parallel with the existing LC cell 34 instead of the
storage capacitor 38 shown in the embodiment of FIG. 2.

[0035] With reference to FIG. 5, it can be seen that the
flicker correction circuit, as described with reference to FIG.
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2, adjusts the common electrode voltage over a several
frames such that the voltage across the cell V tends towards
the driving voltage D. A small number of measurements may
be sufficient over a small number of frame periods tg, as
shown in FIG. 5. In another embodiment, measurement and
correction are performed once, for example when switching
on the matrix display device, or periodically.

[0036] A preferred embodiment of a display device
according to the present invention is shown schematically in
FIG. 6. The display device, here referenced 60, is an
AMLCD comprising a display panel 61 comprising an array
of display pixels forming a display area. Each pixel is
addressed by corresponding row and column conductors, 32
and 33, as in conventional AMLCD devices. A row driver
circuit 51 and a column driver circuit 52 are located adjacent
respective edges of the panel. The row driver circuit 51
selects one row of pixels at a time. In sequence the selected
row of pixels is addressed with data signals from the column
driver circuit 52 via the associated column conductors 33.

[0037] Dummy pixels 31 are located adjacent another
edge of the display panel 61. They may be addressed by the
row and column conductors in the same way as the pixels in
the display pixel array. They are charged with data signals of
opposite polarity as described hereinbefore. Connections 62
are made between the respective pixel electrodes 35 and the
flicker correction circuitry as shown in FIG. 2.

[0038] The circuitry may be remote from the driver ICs or
incorporated within them. In the preferred embodiment
shown in FIG. 6, using for example polysilicon technology,
the panel 61 includes a timing and control circuit 63 to
which a video signal is applied and which provides data
signals to the column drive circuit, timing signals to the row
drive circuit and a voltage signal to the common electrode.
The control circuit 63 includes the flicker correction circuit
and the voltage from the dummy pixels is supplied to this
circuit.

[0039] The dummy pixels are preferably addressed with
data signals corresponding to a mid-range grey scale. This
enhances the flicker effect thus making it easier to detect.

[0040] With reference to FIG. 7, the dummy pixels 31, for
example, that are in the same row and are charged to the
same polarity for the use within the correction circuit, may
be connected together by using a modified shape of pixel
electrode 35 for each dummy pixel 31. A tab 71 is used to
connect adjacent pixel electrodes 35 together. In order to
compensate for the increased area of each pixel electrode, a
tab 72 of the same area as added tab 71 is removed from an
area, for example a corner, of each pixel electrode 35. This
ensures that the capacitance of the dummy pixels is equal to
the capacitance of the display pixels.

[0041] Although it is preferable that dummy pixels 31 are
used in the correction circuit, it is envisaged that pixels
forming part of the display area may be employed for this
function.

[0042] A further embodiment of the invention comprises
an analogue system in contrast to the digital counter system
used in the embodiment described with reference to FIG. 2.
In this embodiment, the dummy pixels are again shorted
together as before. However, the resultant signal is passed to
an integrator. The integrator is chosen to have a time
constant several times that of the frame period t. The output
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of the integrator can then be processed either in the analogue
or digital domain, the result from which is used to adjust the
common electrode 36 in the same way as described before.

[0043] Although described in relation to AMLCDs in
particular, it is envisaged that the invention could be applied
also to passive type LCDs to counteract the effect of DC
offset voltages and also other types of matrix display devices
having arrays of capacitive type electro-optical display
pixels.

[0044] In summary of the device described herein, a
matrix display device comprises an array of pixels for
producing a display output in response to drive signal
voltages using an inversion drive scheme. Display artefacts,
especially flicker, are corrected for by connecting together,
in parallel, two pixels, previously addressed with respective
drive signal voltages of opposite polarity, and measuring a
residual voltage caused by a difference in charge stored on
the two pixels due to a DC offset present in the pixels. The
measured voltage is used to modify subsequent drive signal
voltages for the pixels in order to reduce the measured
voltage, i.e. towards zero, thus reducing display artefacts
caused by the DC offset in the pixels. The invention is
particularly applicable to transmissive type liquid crystal
display devices.

[0045] From the present disclosure, many other modifica-
tions and variations will be apparent to persons skilled in the
art. Such modifications and variations may involve other
features which are already known in the art and which may
be used instead of or in addition to features already disclosed
herein.

1. A matrix display device comprising an array of pixels
for producing a display output in response to drive signal
voltages applied by drive circuit means during address
periods with the polarity of the drive signal voltages being
periodically inverted, and correction means for modifying
drive signals to correct for display artefacts, wherein the
correction means comprises two pixels arranged so as to be
addressed by the drive circuit means with respective drive
signals of opposite polarity during an associated address
period and the correction means is arranged to connect the
two pixels together in parallel during a measure period,
following the associated address period, and to measure a
voltage on the connected two pixels, the correction means
modifying the drive signal voltages for the pixels in accor-
dance with said measured voltage.

2. A matrix display device according to claim 1, wherein
the correction means further comprises switch means oper-
able to connect said two pixels together in parallel during the
measure period.

3. A matrix display device according to claim 1 or claim
2, wherein each pixel in the array is formed at the intersec-
tion of crossing sets of row and column conductors and
comprises an electro-optic display cell disposed between
two opposing electrodes to which the drive signal voltages
are applied.
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4. A matrix display device according to claim 3, wherein
one of said electrodes of a pixel is common to all pixels in
the array and the correction means is arranged to apply the
modified drive signal voltages to the common electrode.

5. A matrix display device according to claim 3 or claim
4, wherein the correction means further comprises measur-
ing means for measuring the potential difference across the
opposing electrodes of the connected pixels during the
measure period and for adjusting the drive signal voltages in
response to that difference so as to minimise the potential
difference.

6. A matrix display device according to claim 5, wherein
the correction means further comprises a digital counter
circuit connected to the output of the measuring means, and
to which timing signals are applied, operable to adjust the
drive signal voltages, at intervals determined by the timing
signals, in response to the output of the measuring means.

7. A matrix display device according to any one of claims
3 to 6, wherein each of said two pixels includes a storage
capacitance connected in parallel with the display cell.

8. A matrix display device according to any preceding
claim, wherein the display device comprises a transmissive
type liquid crystal display device.

9. A matrix display device according to any one of claims
3 to 6, wherein each of said two pixels further comprises a
further electro-optic display cell connected in parallel with
the first-mentioned display cell.

10. A matrix display device according to any one of
claims 1 to 6, or 9, wherein the display device comprises a
reflective type liquid crystal display device.

11. A matrix display device according to any preceding
claim, wherein said two pixels comprise dummy pixels
located at the edge of the array.

12. A method of driving a matrix display device compris-
ing an array of pixels, drive circuit means operable to
address the pixels with drive signal voltages during address
periods, the polarity of the drive signal voltages being
periodically inverted, and correction means for modifying
drive signal voltages, wherein the method comprises the
steps of:

addressing two pixels with respective drive signal volt-
ages of opposite polarity during an associated address
period,;

connecting together, in parallel, the two pixels during a
measure period, following the associated address
period,;

measuring a voltage on the connected two pixels; and,

modifying the drive signal voltages for the pixels in
accordance with said measured voltage.



LR EH(F)

EEETRIRE
US20030038767A1 AT () B
US10/210475 i

patsnap

2003-02-27

2002-08-01

FRIFB(EFR)AGE) ERFBEFROBRLA
RF(EFR)AGE) EREFHBFNV.

HARBEEANRAGE) ERTCRHEEFNV.

FRI& B A

RN

IPCH &
CPCo %5

L 5E4X

H AT SO
S\EREERR

BE(X)

S TRE (60) BEGEES  AFRARKEHDFRONTED 7,
FEBEFEEREH. BIRAMRR (31) FRERE-ERRE
ERhB, REHRRE , FTRMANMEE (31) Lo AAERRER MK
PESHETL , FNBHERER MR LY BHERIBHBRSE

FEo BQEHFENDCHEE, NEHBERFEARENSLENES
BE , ERNELE  NEES , NAL BEEFHDCRE S B
WERER. FEAHHEATEHERS L REE,

HECTOR JASON R
CHILDS MARK J

HECTOR, JASONR.
CHILDS, MARK J.

GO02F1/1343 G02F1/133 G09G3/20 G09G3/36

G09G3/3648 G09G2320/0204 G09G2320/0247 G09G2320/029

2001030807 2001-12-22 GB
2001020542 2001-08-24 GB

US6911966

Espacenet USPTO

i I
i
L i
’ 3
g dantityf o gy i hyatemt L e iyl {
RN PR R TR i RO L A e
¥
f



https://share-analytics.zhihuiya.com/view/5f63a3fd-761d-4da2-9679-ee15fbf0fe4a
https://worldwide.espacenet.com/patent/search/family/026246468/publication/US2003038767A1?q=US2003038767A1
http://appft.uspto.gov/netacgi/nph-Parser?Sect1=PTO1&Sect2=HITOFF&d=PG01&p=1&u=%2Fnetahtml%2FPTO%2Fsrchnum.html&r=1&f=G&l=50&s1=%2220030038767%22.PGNR.&OS=DN/20030038767&RS=DN/20030038767

