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connected to a reference voltage. Such a structure may find
application to active matrix type liquid crystal displays, par-
ticularly with integrated drivers.
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ACTIVE-MATRIX LIQUID CRYSTAL
MATRIX DISPLAY

[0001] This invention relates to a matrix type Liquid Crys-
tal Display (LCD) and more particularly active matrix type
displays.

[0002] Active matrix displays comprise an active element
in each pixel that is controlled appropriately by a pixel
addressing device to display a grey level corresponding to
data to be displayed.

[0003] The pixel addressing device usually comprises a
control circuit to control rows selection lines on the display,
usually called line driver, through which rows are selected
one by one in sequence on each video frame, and a pixel
column control circuit on the display commonly called the
column driver, through which the voltage levels correspond-
ing to data to be displayed are applied on the columns. In the
following, the term driver or drivers will be used to designate
these control circuits or the addressing device. These drivers
are said to be integrated when they are made on the same
substrate as the active matrix, around the periphery of this
matrix and with the same manufacturing technology.

[0004] According to the state of the art of amorphous sili-
con technology, integrated line drivers are of the high output
impedance type so as to limit the transistor stress and there-
fore the drift in the threshold voltage of these transistors. With
this type of driver, when lines are not selected (which is the
case during more than 99% of the display addressing time)
they are in a so-called floating state. In this state, the lines are
sensitive to all parasite variations and particularly variations
related to capacitive couplings due to intersection of lines and
columns. More precisely, for each new selected line, the data
to be displayed is applied on all columns of the display: as a
result of capacitive couplings due to intersection between
lines and columns, the voltage levels of unselected lines vary
on these columns. This has an effect on the display quality of
the display.

[0005] In particular, these couplings can lead to unwanted
selection of a line on the display and as a result data on this
line may be modified. This is the so-called multi-line selec-
tion problem.

[0006] Other unwanted effects can occur depending on the
method used to make the storage capacitor associated with
each pixel electrode of the active matrix. In particular, when
this storage capacitor is made using the pixel row selection
line, these couplings will also cause variations in voltage
levels stored on pixels through the storage capacitor. The
display quality is affected.

[0007] Moreover, in such a structure, the total capacitance
of each line depends on the video information displayed on
the pixels in this line through the storage capacitor. This total
capacitance depends on the sum of all coupling capacitances
between this line and each column in the matrix, plus the sum
ofall storage capacitances in series with the associated liquid
crystal capacitances made with this line, as a first approxima-
tion. This dependence may introduce display nonuniformi-
ties.

[0008] One purpose ofthe invention is to solve the different
disadvantages related to use of such line drivers.

[0009] One technical solution was found in the invention to
solve these different disadvantages, and particularly to delete
the sensitivity to parasite couplings, by installation of a sta-
bilization capacitor on each line. The value of this capacitoris
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chosen to be sufficiently large to stabilize the line and limit
video disturbances, for example to a lower level than the pitch
of'the scale of grey levels of the display screen. This capacitor
installed on each matrix selection line can stabilize the asso-
ciated line level. Operation of the display and display perfor-
mances, particularly the display uniformity, are improved.
[0010] Another purpose of the invention is to prevent losses
of manufacturing efficiency related to the installation of such
a capacitor on each line, by advantageously providing repair
zones.

[0011] Therefore, the invention relates to an active matrix
for a liquid crystal screen, comprising a plurality of pixel
electrodes in an active zone, each of which can be addressed
using one selection line among N selection lines and one data
line among M data lines, a storage capacitor being connected
to each pixel electrode in the matrix, characterised in that for
each selection line, it comprises a line stabilisation capacitor
in which a first electrode is connected to said selection line
and a second electrode is connected to a reference voltage.
[0012] According to one embodiment of the invention, said
stabilisation capacitor is formed outside the active zone of the
display. It is connected between the associated selection line
and a reference level of the display, typically a reference level
among the analogue power supplies of the line control circuit.
[0013] In one improvement facilitating repair of the dis-
play, said stabilisation capacitor is formed from a parallel set
of elementary capacitors.

[0014] According to another embodiment of the invention,
the stabilisation capacitor of a selection line is formed in the
active zone and is distributed along said line, using a conduct-
ing bus comprising parts facing selection lines separated from
the level of these lines by at least one insulating layer. This bus
may be made by a conducting plane, or by an network of
parallel, vertical, or horizontal conductors. The conducting
bus of the line stabilisation capacitor according to the inven-
tion can advantageously form an additional storage capacitor
for each pixel.

[0015] The invention also relates to a liquid crystal matrix
display comprising such an active matrix.

[0016] Other advantages and characteristics of the inven-
tion will become clearer after reading the following descrip-
tion that is given for guidance and is non-limitative of the
invention with reference to the appended drawings among
which:

[0017] FIG. 1 illustrates an electrical diagram of an active
matrix according to the state of the art;

[0018] FIG. 2 illustrates a first embodiment of a line stabi-
lisation capacitor according to the invention;

[0019] FIG. 3 illustrates another embodiment of this
capacitor;
[0020] FIGS.4 and 5 each illustrate a variant of the embodi-

ment shown in FIG. 3; and

[0021] FIG. 6illustrates a variant of the embodiment shown
in FIG. 2.
[0022] FIG. 1 diagrammatically illustrates an active matrix

of a display according to the state of the art that comprises
NxM pixels arranged in N rows such as Row,,_, and Row,, and
M columns such as Col,, and Col,,.,. Each pixel can be
addressed by a selection line and a data line of the matrix. A
control circuit 1 of the selection lines, commonly called the
“line driver”, thus provides a sequential addressing signal on
each of the N selection lines. In particular, it controls the
selection lines r,_; and r,, of rows Row,,_; and Row,,.
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[0023] A column control circuit 2, commonly called the
“column driver” applies voltage levels corresponding to grey
levels to be displayed on each of the M data lines associated
with the M pixel columns. There is a data line controlled by
the column driver 2, for each pixel column in the display. In
particular, data lines ¢, and c,,,, , are datalines associated with
columns Col,,, and Col,,,, | respectively.

[0024] The line driver 1 and the column driver 2 may be
integrated in the matrix. In this case, they are made around the
periphery of the active zone of the matrix, in other words the
zone comprising the pixels. They may also be external to the
matrix.

[0025] In the example shown, there is thus a pixel P, ,,
located on the nth row Row,, and the mth column Col,,,. It can
be addressed by the selection of the selection line r,, corre-
sponding to raw Row,, and application of a display voltage on
the data line c,,, corresponding to column Col,,,.

[0026] Each pixel comprises a pixel electrode EP,, ,, that is
a conducting electrode made on the active matrix. This elec-
trode is transparent in a transmissive application, and is
opaque in a reflective application.

[0027] The display comprises the active matrix, a substrate
forming a counter electrode and liquid crystal between the
matrix and the counter electrode. A pixel capacitor is formed
between each pixel electrode on the active matrix and the
counter electrode CE of the display.

[0028] The pixel electrode EP, ,, of the pixel P, ,, is con-
trolled by an active switching element, usually a transistor as
shown in the figure. The pixel P, ,, is thus associated with a
transistor T, ,,, connected in series between a data line ¢,
controlled by the column driver 2 and the pixel electrode
EP, .. This transistor is controlled by a row selection signal
corresponding to the pixel considered and applied by the line
driver 1. In practice, the gate of this transistor is connected to
(or formed by) the selection line of the row considered. In
practice, the transistor gates of a single row are all connected
to (or formed by) the same conducting line of the active
matrix on which the line driver applies a row selection signal.
[0029] The transistor associated with a pixel is made active
by applying a selection signal on the corresponding row
selection line, for example on row r, for pixel P, ,, and
application of the voltage to be charged on an associated data
line, for example on data line cm for pixel P, ,,. The transistor
associated with a pixel thus charges this pixel P, ,, to a voltage
representative of the grey level to be displayed when the
selection line is addressed. When the line is not selected, the
transistor is equivalent to an open circuit, isolating the pixel
from the remainder of the matrix, which should enable it to
maintain the charged voltage level for as long as necessary for
a video frame.

[0030] To achieve this, a storage capacitor is usually pro-
vided formed between the pixel electrode EP, ,, and a con-
ducting level of the active matrix, the pixel capacitor being
insufficient to maintain the voltage level throughout the dura-
tion of a frame, due to couplings existing with adjacent selec-
tion and data lines, through parasite planar capacitances. This
pixel storage capacitor may be made in different ways, used
alone or in combination depending on the active matrix tech-
nology considered. In the example shown, a storage capacitor
C,, is formed between the pixel electrode and the previous
selection line: for example, for pixel P, ,,, the storage capaci-
tor C,, is formed between the pixel electrode EP, ,, and the
selection line r,,_,. This capacitor may be made in different
ways. For example, the so-called “capacitor on gate” struc-
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ture is designed such that the pixel electrode partly covers the
previous selection line. A conducting bus could also be pro-
vided between each pair of selection lines, which is electri-
cally connected to the previous selection line.

[0031] Inthe example shown, there is an additional storage
capacitor C,;, formed between each pixel electrode and a
conducting plane GP, usually called the ground plane,
brought to a reference voltage V 5 and that in practice may be
located below or above the matrix selection and data lines.
[0032] According to the invention, a stabilisation capacitor
for this line is provided on each row selection line of the
matrix, in order to increase the planar capacitance of the line.
In this way, when the line is not selected, the planar capaci-
tance of the line is such that this line and the pixels in this line
can be made insensitive to the different disturbances due to
the high impedance state of the corresponding output from
the line driver 1. In particular, the multi-line selection effect is
avoided.

[0033] FIG. 2 illustrates a first embodiment of the invention
according to which a stabilisation capacitor is made on each
line outside the active zone of the matrix that contains the
pixels with their transistors. In the example shown, this sta-
bilisation capacitor is made between the outputs from line
driver 1 and the active zone ZA materialised in dashed lines
on the figure. Thus, there is a stabilisation capacitor CL,,_,
associated with line r,_,, and CL,, associated with line r,.
Each stabilisation capacitor is formed between the associated
line that forms a first electrode, and a conducting bus SB that
forms a second electrode powered by a reference voltage
Vref. The reference voltage Vref is common to all stabilisa-
tion capacitors in the matrix.

[0034] Thereference voltage Vref may be a specific voltage
defined as a function of the characteristics of the display. This
voltage Vref is a dc voltage. It may typically be the voltage
VGP of the ground plane GP (FIG. 1), or the voltage VCE of
the counter electrode. A reference voltage supplied by the line
driver, typically the blocking voltage Vg, ;of transistors in the
matrix, may also be suitable. The reference voltage Vref is
common to all stabilisation capacitors in the matrix.

[0035] One practical and simple embodiment includes the
formation of a conducting bus SP, typically a vertical bus, on
the active matrix but outside the active zone, that crosses all
selection lines. This conducting bus may be made on the
matrix on a conducting level separated from the selection
lines conducting level through at least one insulating layer,
preferably on an existing technological level, typically on the
same level as a conducting plane GP of the matrix as shown in
FIG. 1.

[0036] FIGS. 3 to 5 illustrate other embodiments of a sta-
bilisation capacitor according to the invention in which the
stabilisation capacitor is made in the active zone. In these
embodiments, the stabilisation capacitor of a selection liner,,
is made in the active zone of the matrix and is distributed
along this selection line. It is equivalent to M elementary

capacitors in parallel: CL, ,,CL, ., ,onepercolumn (or
data line).
[0037] In the example embodiment shown in FIG. 3, a

conducting bus SP is used in the form of a conducting plane
made below or above the selection and data lines of the
matrix, in a transparent conducting material, brought to the
reference voltage level Vref. This plane SP has solid parts
facing the selection lines separated from the selection lines
level by at least one insulation level, thus forming the stabi-
lisation capacitors of the selection lines according to the
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invention. The result is an elementary stabilisation capacitor
associated with a selection line, for example the elementary
capacitor CL,,_, ,, associated with liner,,_,, on column Col,,.
This stabilisation capacitor CL,_,  is connected between the
selection liner,,_, in the pixel column Col,,,, and the conduct-
ing plane SP. This elementary stabilisation capacitor of line
r,,_; has a common electrode with the storage capacitor C, of
pixel P, .. This storage capacitor C,, is formed in column
Col,, between the pixel electrode EP, ,, and the previous
selection line T,

n—1°

[0038] If the conducting plane SP comprises solid parts
under the pixel electrodes, it also forms an additional storage
capacitor Cst' for each pixel. This additional storage capacitor
Cst' is represented on the figure for pixel P, ,: this capacitor
Cst' is formed between the pixel electrode EP, ,, and the
conducting plane SP, by the portion of this plane facing the
electrode concerned.

m

[0039] Advantageously, this conducting plane SP is made
by an existing technological level in the active matrix
arranged above or below the selection and data lines of the
matrix.

[0040] It can be seen particularly with reference to FIG. 1,
that in some active matrix structures according to the state of
the art, a capacitor C,,, is made between each pixel electrode
and a conducting plane GP, for the part of this ground plane
facing the pixel electrode.

[0041] This conducting plan GP is made from a transparent
conducting material, for example ITO. It may be buried under
the layers corresponding to the transistors, in other words
under the matrix of selection lines and data lines. This buried
ground plane is sometimes of the two-layer type, with an
opaque layer in addition to the transparent layer, for example
made of titanium forming an optical screen. It may be
arranged above the selection and data lines of the matrix, for
example as described in patent application EP 0682282
entitled “Liquid display device with shielded pixel structure”.
This conducting plane then corresponds to shielding, which
has the effect of clipping field lines due to parasite planar
capacitances between the pixel electrodes and selection and
data lines.

[0042] Thus, as shown in FIG. 1, an active matrix may
comprise a conducting plane GP in a known manner, made
above or below the selection and data lines, brought to a
determined reference level VGP and that provides a storage
capacitor C,,, associated with each pixel, formed between
the electrode of this pixel and this conducting plane.

[0043] FIG. 3 shows such an existing plane denoted GP. If
this plane is used as a conducting plane to make a line stabi-
lisation capacitor according to the invention, then this is
equivalent to making the SP and GP planes in the figure
coincident. The capacitor C,. is then coincident with the
capacitor C,;, made between the pixel electrode and the GP
plane (not shown in FIG. 3, in order to simplify the drawing).

[0044] If this GP plane is not a continuous conducting
plane, in other words if it is hollowed out, then use of the
invention consists simply of modifying the drawing when
necessary so that it also has solid parts facing the selection
lines to form line stabilisation capacitors according to the
invention.

[0045] One advantage of such an embodiment of the inven-
tion is that it uses a state-of-the-art technological level of
matrices, which is advantageous in terms of production and
limitation of the number of technological levels.
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[0046] In another example embodiment shown in FIGS. 4
and 5, a specific conducting bus is added into the active
matrix. In this embodiment, an elementary selection line sta-
bilisation capacitor, for example capacitor CL, _, ,, of line
1,_, in column Col,,, is connected to the row selection line
r,_, and formed with this specific conducting bus brought to
a reference voltage Vref. This reference voltage is typically a
DC power supply voltage which may be a specific voltage, or
apower supply voltage output by the line driver 1. In practice,
this specific voltage must be a stable dc voltage not sensitive
to switching of intersecting tracks (coupling). Typically, the
transistor blocking voltage Vgoff or the reference voltage
applied on the ground plane GP shall preferably be used. The
voltage level is determined principally so as to limit risks of
optical outwards rotation or leaks (poor orientation of liquid
crystal molecules, resulting from the parasite voltage gener-
ated by this network of conductors.

[0047] In the example shown in FIG. 4, this bus comprises
a network of horizontal conductors B,,_;, B,,, each arranged
between a pair of selection lines r,,_,, r,,, and parallel to them.
In the example shown in FIG. 5, this bus comprises a network
ofvertical conductors B,,, B,,, |, each arranged between a pair
of data lines c,,, ¢,,, ;, and parallel to them.

[0048] Inone example embodiment of the network of hori-
zontal conductors in FIG. 4, in practice the metal used can be
the same as that used for the data lines C,, (source/drain metal
of TFT transistors), for example molybdenum (Mo) to make
the line stabilisation capacitor. Outside intersection areas, the
metal level of the selection line in parallel will preferably be
used, for example a double layer of titanium and molybde-
num (TiMo).

[0049] In practice, the network of vertical conductors in
FIG. 5 can be made from the same metal as that used for
selection lines (TiMo). The metal level for the data line in
parallel (Mo) can be used outside intersection areas.

[0050] These horizontal or vertical conductors can also be
made using the technological level of the buried ground plane
or the shielding, or a special conducting level arranged below
or above the data and selection lines, but in the form of a
network of conductors in parallel rather than a continuous
plane.

[0051] According to one aspect of the invention, if the
design of this specific bus is defined to have at least part facing
the pixel electrodes, this specific bus can be used as an addi-
tional storage bus for the pixels. The possibilities of using this
aspect of the invention depend mainly on the space available
in the pixel, the required efficiency, repair possibilities, etc.
[0052] FIG. 4 illustrates an equivalent electrical circuit of
the pixel storage capacitor associated with the pixel electrode
EP, ., and the stabilisation capacitor associated with the
selection line r,_; according to the invention.

[0053] Thus, the result is the pixel electrode EP
storage capacitor C_, the stabilisation capacitor CL,
specific bus r,,_;, all in series.

[0054] If the design of the conductor associated with each
selection line is such that it passes under the pixel electrode
EP, . the part of the bus facing the pixel electrode is also
used as an additional storage capacitor C,,, as shown in
dashed lines on FIG. 4, between the pixel electrode EP,, ,, and
the bus. This can be typically obtained by arranging the circuit
such that each conductor in the network passes under a row of
pixel electrodes, with an offset towards the selection line so as
to pass above or below this line, so as to make the stabilisation
capacitor for this line. The fact that the conductor faces each

the
the

n,m

n—1,m>
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pixel electrode creates the associated additional storage
capacitor C_,. In practice, these horizontal conductors can be
made for example from a transparent conducting material,
typically ITO, on the same level as selection lines, for the part
passing under the pixel electrodes. Advantageously, the data
line level could be used to make the offset to the selection
lines, thus passing above the selection lines. As a result, no
additional technological level is used for this network of
specific conductors.

[0055] Similarly, FIG. 5 shows the storage capacitor C,,
the stabilisation capacitor CL,,_, . and in dashed lines, the
storage capacitor C,, obtained if the design of the conducting
bus is such that at least part passes under the pixel electrode
considered. In practice, these vertical conductors can for
example be made from a transparent conducting material,
typically from ITO, on the same level as the data lines.

[0056] In general, the conducting bus according to the
invention formed by a conducting plane or a network of
conductors, is preferably formed from a transparent conduct-
ing material, so as to not disturb the pixel opening ratio. In
particular, if it comprises parts below or above the pixel
electrodes, as is the case particularly when it is required to
benefit from an additional storage capacitor made with this
bus, these parts must be made from a transparent conducting
material, for example ITO. Other parts may be from an
opaque conducting material, particularly parts facing the
selection lines that are themselves opaque. These practical
aspects of the embodiment will depend on selected design
options and the technology considered.

[0057] FIG. 6 illustrates an improvement to the invention,
applicable to the first embodiment of a stabilisation capacitor
according to the invention outside the active zone, as
described with reference to FIG. 2. This stabilisation capaci-
tor is distributed: it is composed of n elementary capacitors in
parallel. For example, for selection line r,_, there are k
elementary capacitors in parallel C, ,_,, ... C,,_,, and for
selection line r,,, there are k elementary capacitors in parallel
Cirp- - Crp

[0058] Ifthe value (capacitance) of the stabilisation capaci-
tor according to the invention determined for a given display
to give optimum display performances is denoted C, the value
of each elementary capacitor will be equal to C/k. These k
elementary capacitors are obtained using k conducting buses
intersecting selection lines.

[0059] Such an embodiment advantageously facilitates
repair of the matrix in the case of short circuits at intersections
between lines and the vertical bus. It is known that short
circuits can be located, for example during functional tests of
drivers and the matrix, with visual marking of the vertical
defect that short circuits the elementary capacitor(s). The
defective elementary capacitor can then be isolated. For
example, as shown in FIG. 6, the elementary capacitor CL, ,,
is isolated by making a cut out “a” on each side, typically
using a laser. The value of C/k is determined so that, after
isolation of the defective sub-capacitor, there is very little or
no disturbance on operation of the line driver 1, nor on the
video display on the pixels. The equivalent stabilisation
capacitance then becomes equal to (k—-1)C/k.

[0060] It will be noted that transparency or opaqueness
aspects of the stabilisation capacitor bus are not important in
this variant embodiment shown with reference to FIGS. 2 and
6, in which the stabilisation capacitor is made outside the
active zone of the matrix.
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[0061] The invention that has just been described can
improve the display quality on active matrix liquid crystal
screens, both on large and small screens without affecting the
manufacturing efficiency, because it can be made using exist-
ing technological levels in the matrix, and use of the invention
enables reliable repairs. The different embodiments
described are chosen particularly as a function of existing
technological levels in the active matrix considered. In par-
ticular, they depend on technological levels used to make the
storage capacitors.

[0062] Inparticular, itisapplicable to displays using active
matrices with integrated drivers that have the special feature
that they all have high impedance outputs. But it is more
generally applicable every time that unselected selection lines
are sensitive to electrical variations in their neighbourhood.

1-14. (canceled)
15. An active matrix for a liquid crystal display, compris-
ing:
a plurality of pixel electrodes in an active zone, each of
which can be addressed using one selection line among
N selection lines and one data line among M data lines;

a storage capacitor connected to each pixel electrode in the
matrix, wherein for each selection line, further compris-
ing a line stabilization capacitor in which a first elec-
trode is connected to the selection line and a second
electrode is connected to a reference voltage.

16. An active matrix according to claim 15, wherein the
reference voltage is common to all stabilization capacitors in
the matrix.

17. An active matrix according to claim 15, wherein the
stabilization capacitor is formed outside the active zone.

18. An active matrix according to claim 17, wherein the
stabilization capacitor in a selection line comprises a plurality
of elementary capacitors arranged in parallel.

19. An active matrix according to claim 17, wherein the
second electrode of the stabilization capacitor in a selection
line is formed from at least one conducting bus intersecting
the selection lines, at a level separated from the selection lines
by at least one insulating layer.

20. An active matrix according to claim 15, wherein the
stabilization capacitor in a selection line is formed in the
active zone and is distributed along the selection line, equiva-
lent to a plurality of elementary stabilization capacitors
arranged in parallel, one per data line.

21. An active matrix according to claim 20, wherein the
second electrode in the stabilization capacitor of a selection
line is formed by a conducting bus comprising at least parts
facing selection lines separated from the level of these lines
by at least one insulating level.

22. An active matrix according to claim 21, wherein the
conducting bus comprises a network of vertical conductors,
parallel to the data lines.

23. An active matrix according to claim 21, wherein the
conducting bus comprises a network of horizontal conduc-
tors, parallel to the selection lines.

24. An active matrix according to claim 22, wherein the
horizontal or vertical conductors are made on one or more
levels corresponding to the selection and/or data lines.

25. An active matrix according to claim 21, wherein the
conducting bus is made by a conducting plane made above or
below the selection and data lines and at a level separated
from the level of these lines by at least one insulating level.
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26. An active matrix according to claim 19, wherein the
conducting bus is made on or by an existing conducting plane
of the matrix.

27. An active matrix according to claim 24, wherein the
conducting bus is made on or by an existing conducting plane
of the matrix.

28. An active matrix according to claim 21, wherein the
conducting bus comprises parts facing pixel electrodes, on a
level separated from the pixel electrodes by at least one insu-
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lating level so that an additional storage capacitor is formed
with each pixel electrode.

29. An active matrix according to claim 23, wherein the
horizontal or vertical conductors are made on one or more
levels corresponding to the selection and/or data lines.

30. A matrix type liquid crystal display comprising an
active matrix according to claim 15.

* * #* ok %
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