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ACTIVE MATRIX FOR A LIQUID CRYSTAL
DISPLAY DEVICE

[0001] The present invention relates to an active matrix for
liquid crystal display devices.

[0002] The invention applies in particular to bistable nem-
atic liquid crystal display devices, normally called BiNem®
devices. In the description that follows, we will use the term
bistable nematic display. Bistable nematic displays are used
in various applications, and more particularly in so-called
roaming applications. Just a few examples of these include
portable telephones or pocket computers such as personal
digital assistants (PDA), or even e-books.

[0003] These bistable nematic displays have the particu-
larly interesting property of not requiring image refresh,
which is very favourable for all these roaming applications,
for which consumption must be kept to a minimum. They
offer a high quality image independent of the number of rows.
[0004] These bistable nematic displays normally comprise
aso-called passive matrix: each pixel is controlled directly by
a row signal and a column signal. The drawback of passive
matrices is that the pixel of a column “sees™ all the signals
applied to each of the pixels ofthe column, during the time for
which an image is displayed. This makes the use of this
technology for large screens problematic. Furthermore,
switching is slow, which makes this technology unusable for
video applications.

[0005] Thus, these passive matrix displays are more par-
ticularly suited to applications where the image changes little
or slowly, and to small sizes, typically for e-book type appli-
cations.

[0006] For these various reasons, efforts have been made to
use active matrices with such displays. The term “active
matrix” is used to mean a matrix structure of pixel electrodes,
in which the addressing involves a switching device associ-
ated with each pixel electrode. When a pixel is not addressed,
the associated switching device isolates the pixel electrode
from the row and column signals (apart from the problems of
coupling by stray capacitances).

[0007] The switching device can be a diode or a transistor.
It is advantageously a standard TFT (Thin Film Transistor)
type transistor, which uses a thin film of amorphic silicon
(a-Si). In practice, these transistors have the advantage over
polycrystalline silicon transistors ofhaving a zero or very low
leakage current, which is a very important characteristic
when it comes to maintaining the information on the TN type
pixels.

[0008] The active matrix comprising the pixel electrodes,
the switching devices and the row and column conductors is
produced on a first substrate.

[0009] The display comprises, in addition to the active
matrix, a second substrate which forms the other pixel elec-
trode, common to all the pixels and also called counter-elec-
trode. The second substrate is disposed so that a cavity is
formed between the top of the active matrix and the second
substrate. The cavity is filled with liquid crystal with a com-
position and an orientation of the molecules that is dependent
on the planned technology. The pixel electrode and the
counter-electrode then form the two armatures of the pixel
capacitance, and the bistable material that is used to store the
information is between the two armatures.

[0010] A liquid crystal display of the active matrix bistable
nematic type is described in the French patent application
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entitled: “Procédé et dispositif perfectionnés d’affichage a
cristal liquide nématique bistable” (Sophisticated bistable
nematic liquid crystal display method and device), registered
under No. 02 14806, and filed by Nemoptic. An AMLCD
(Active Matrix Liquid Crystal Display) type (screen) display
is obtained.

[0011] An active matrix structure for bistable nematic dis-
play as described in the abovementioned application is dia-
grammatically illustrated in FIG. 1.

[0012] The structure M of the active matrix normally com-
prises m*p pairs (pixel electrode 1, transistor 2) arranged in a
network of m rows r/, r,, . . . 1,,, and p columns col}, col,, . .
- col,,.

[0013] Thetransistor 2 associated with each pixel electrode
1 allows a corresponding pixel of the screen to be addressed
individually by a row conductor and a column conductor.
[0014] In the description below, the terms “row” and “col-
umn” are used to mean the conductor, in the electrical sense,
or the row or the column in the matrix arrangement sense.
[0015] The transistor 2 associated with each electrode 1
acts as a switching element. When it is switched to the on
state, it allows a determined voltage level to be applied to the
pixel electrode, enabling a corresponding grey level to be
displayed on the screen pixel. When itis switched to the off or
blocked state, itisolates the pixel electrode fromthe rest of the
matrix (apart from couplings by stray capacitances). The
transistor comprises two conduction electrodes, called drain
d and source s, and a gate electrode g, via which the “on” or
“off” state of the transistor is controlled.

[0016] More specifically, the transistor is normally con-
nected in the matrix structure as follows: a conduction elec-
trode, for example the drain d. is connected to the pixel
electrode. The gate g of the transistor is controlled by the row
select signal applied to the associated row. The other conduc-
tion electrode of the transistor, in the example the source s, is
connected to the associated column.

[0017] Thus, the gates of all the transistors of one and the
same row are all connected to that row, whereas the sources of
all the transistors of one and the same column are all con-
nected to that column. When a transistor is set to “on”, it
switches the voltage applied by the column associated with its
source to the drain d: thus, the pixel electrode 1 is charged to
avoltage level corresponding to a video data item (grey level)
to be displayed.

[0018] The pixel electrodes 1 are each controlled, via their
associated transistor 2, by peripheral addressing circuits.
These addressing circuits typically comprise a row control
circuit 3, more simply called row driver in the description that
follows, and a column control circuit 4, more simply called
column driver in the description that follows. The row control
circuit 3 applies voltage levels successively to the rows, in
order to select them sequentially over a frame time. On each
row time, the control circuit 4 of the columns applies appro-
priate voltage levels to the columns, in order to display a given
grey level on each pixel of the selected row.

[0019] Controlling the pixels of a bistable nematic screen
presupposes the use of high voltages, if the switching
between the two stable states of the pixel is to be rapid. These
two stable states correspond to two different textures, a uni-
form texture and a twisted texture. They result from a shrewd
composition of the liquid crystal associated with orientation
layers of the molecules that are different on each side of the
substrates (or wafers) that form the cavity filled with liquid
crystal.
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[0020] Theuniform texture is defined by a low twist angle,
close to 0°, in the thickness of the pixel. The twisted texture is
defined by a high twist angle close to 180° in the thickness of
the pixel.

[0021] These two textures are characterized by the exist-
ence of two molecule anchoring points, one anchoring on
each of the wafers forming the cavity containing the liquid
crystal, each being coated to this end with an appropriate
different orientation layer. One anchoring point is very
strong, and little affected by the application of an electrical
field. The other anchoring point is weak. This weak anchoring
can be broken when a strong electrical field is applied. Thus,
the only way to switch from one stable state to another is to
apply energy in the form of an electrical pulse, the effect of
which is to break the weak anchoring point. Then, depending
on the shape of the pulse, the molecules are organized in the
thickness of the pixel in one of the two stable states. More
comprehensive details on this technology and its principles
can be found in the following publications by Ivan N. Dozov
et al., “Fast bistable nematic display from coupled surface
anchoring breaking”, SPIE Proceedings Vol. 3015, pp. 61-69
(0-8194-2426-9, 214 pages Published 1997) and “Ultra low
power bright reflective displays using Binem® technology
fabricated by standard manufacturing equipment”, SID Sym-
posium Digest of Technical Papers—May 2002—Volume 33,
Issue 1, pp. 30-33.

[0022] Thus, the shape of the electrical field applied to the
terminals of the pixel provides a way of choosing one or other
of the two textures after a step for breaking the anchoring with
a high electrical field value, equivalent to a texture “reset”
phase. This reset phase is characterized by a determined
breaking voltage level, and an application time.

[0023] In the subsequent writing phase, one or the other
texture is obtained according to the shape of the electrical
pulse applied. In practice, the switching to one or the other
stable state can be obtained by the shape of the falling edge of
the electrical pulse.

[0024] the uniform texture U can be obtained by a switch
with slow falling edge, for example by a staged shape or
by an analogue falling voltage ramp from the breaking
voltage level, which favours an elastic relaxation behav-
iour. This elastic relaxation process drives the molecules
to arrange themselves in parallel with no twist angle,
leading to a uniform texture U. The pixel appears black
on the display.

[0025] the twisted texture T can be obtained by a switch
with steep falling edge, from the breaking voltage level,
which favours a dynamic process of modification of the
orientation of the molecules, known as “backflow”. The
strong hydrodynamic flux of the liquid crystal molecules
of the pixel results in a break in the weak anchoring of
the molecules and an organization of the molecules with
atwist angle of around 180°. The pixel appears white on
the display.

[0026] According to the state of the art, it is also known how
to display a grey level, corresponding to a mixed texture, by a
switch with intermediate edge, which leads to a coexistence
of both textures in the thickness of the pixel, in a proportion
that is variable according to the grey level to be displayed.

[0027] A display control signal SD(P1,P2) of a grey level on
a bistable nematic display is illustrated in FIG. 2. Such a
signal is in particular described in the abovementioned
French patent application (FR 02 14806). This is a signal with
two stages, P1 and P2, applied to the columns of the matrix
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during each row time. The first stage P1 corresponds to the
anchoring breaking phase. It is characterized by a duration tl
and a determined voltage level VP1. This voltage level is in
practice chosen to be greater than or equal to a breaking
voltage defined for the technology, according to the applica-
tion time ©l.

[0028] The second stage P2 corresponds to the display
phase (or writing phase) of the new texture. It is characterized
by a duration T2 and a voltage level VP2 less than the anchor-
ing breaking voltage Vp1. Thus, on each column, the shape of
the signal Sc is dependent on the data to be displayed.

[0029] The sumtl plusT2 gives the row time of the display,
namely the time needed to display the new display data on the
pixels of a selected row of the matrix.

[0030] The step difference (or height) between the first
stage P1 and the second stage P2 depends on the texture that
is to be obtained.

[0031] The slow falling edge needed to obtain the uniform
texture U is thus obtained by choosing a second, lower stage
P2, but not too distant from the first stage.

[0032] The steep falling edge needed to obtain the twisted
texture T is obtained by choosing a second stage P2, further
away and therefore lower than in the previous case.

[0033] Vpl is used to denote the voltage level of the first
stage P1 and VP2 the variable voltage level of the second stage
P2 of duration 12, dependent on the texture to be obtained.
Vp2 is equal to VU<VP1, to control a uniform texture U (black
display); VP2 is equal to VT<Vu<VPl, to control a twisted
texture T (white display); and VP2 is equal to an intermediate
value VM, between VT and VU (VT<VM,;<Vu< V1) to control
a mixed texture M(U,T), in which the two textures U and T
coexist (grey level display).

[0034] Thevoltage VP2 can thus take any value between the
values Vu and VT, which are characteristics of the technology.
In the example illustrated, for VP2=VM,, there appears a
portion of twisted texture T, in the uniform texture U: the
result is a mixed texture M(U,T),, corresponding to a deter-
mined grey level. For VP2=VM,<VM,, the portion of twisted
texture T becomes greater: the result is a mixed texture M(U,
T),, corresponding to a determined grey level, lighter than the
one before.

[0035] Thus, the intermediate grey levels are obtained by
varying the voltage level Vp2 of the second stage between the
extreme values VU and VT. In a practical example, for a given
technology of the state of the art, a variation range of approxi-
mately 3 volts between VU and VT (VU-VT=3 volts) is thus
available. The nearer the voltage level of the stage P2
approaches VT, the greater is the “backflow” effect. The
double arrow from left to right in FIG. 2 illustrates the ascend-
ing direction of this effect according to the voltage of the
second stage.

[0036] In a practical example, the level of the anchoring
breaking voltage VP1 is approximately 15 to 18 volts for fairly
long row times.

[0037] In the case of an active matrix, these voltages must
be applied to the pixel electrode, via the switching transistor.
[0038] The display control signal SD(P1,P2) that has just
been described in relation to FIG. 2 is applied to the columns,
while a row select signal is applied in turn to each row of the
matrix, during the row time. The display control signal has
two separate and successive signal components: a reset signal
and a video signal. The reset signal corresponds to the initial,
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anchoring breaking phase. The video signal corresponds to a
new texture writing or programming phase. These two signals
have different voltage levels.

[0039] Inpractice, the procedure foraddressing a row of the
matrix in order to display new data is as follows: the row is
selected by applying a select signal which has the shape of a
voltage pulse, during the row time. This pulse is in fact
applied to the gate g of each of the transistors of the row (FIG.
1). This pulse has a sufficiently high voltage level to switch
each of the transistors 2 of the row to the “on” state.

[0040] A display control signal is applied to each of the
columns of the matrix, and therefore to the source s of the
transistors.

[0041] The gate voltage applied to the transistors of the
selected row must be at least equal to the voltage applied to
the columns plus the threshold voltage Vth of the transistors
(i.e. the minimum voltage applied between gate and drain, or
gate and source, for the transistor to be conductive), in order
for each transistor of the selected row to switch, virtually
without losses, the display signal Sc on the associated pixel
electrode.

[0042] The active matrices according to the state of the art
have been more particularly developed for TN “Twisted
Nematics™ or IPS “In Play Switching” type liquid crystal
screens, with standard row and column drivers designed to
support the control voltage levels. These row or column driv-
ers are preferably incorporated in the active matrix. They can
be produced on an external circuit. They receive the analogue
power supplies needed to display the video data that they
receive. The row driver is responsible for scanning the rows,
sequentially, and the column driver is responsible, for each
line, for applying to the columns voltage levels to be applied
to the pixel electrode to display a corresponding data item
(grey level) on each pixel of the row.

[0043] In the standard TN case, the high voltage column
drivers are designed to deliver 13 volts, enabling approxi-
mately 6 volts rms to be obtained on the liquid crystal (posi-
tive and negative half-waves). For a standard IPS active
matrix, the maximum voltage reaches 16.5 volts. The stan-
dard row drivers are capable of outputting voltage levels from
-10 volts to 30 volts, for example.

[0044] Thus, for relatively long row times, the range of
voltages needed to control the bistable nematic displays is
compatible with the drivers of the standard active matrices of
the state of the art, TN or IPS.

[0045] Inthe invention, interest is focussed on active matrix
bistable nematic displays, for video applications in particular.
For these video applications, the row time needs to be shorter,
requiring the pixel switching time to be reduced. The issue is
therefore how to make the reset phase as short as possible.
Now, the shorter the anchoring breaking phase is, the higher
the breaking voltage needed needs to be. This is in particular
explained in the abovementioned publication (see section 3.4
and FIG. 5 in particular) and in a more recent publication by
Ivan Dozov et al. “Recent improvements of bistable nematic
displays switch by anchoring breaking”, SID Symposium
Digest 32, 224 (2001). To obtain a switching time compatible
with a row time of 50 microseconds, or less (for video appli-
cations, the row times need to be 40 microseconds or less), the
breaking voltage is then greater than 20 volts with the current
bistable nematic displays.

[0046] A problem which then arises in the use of a standard
active matrix, in conjunction with bistable nematic displays,
is that there is no longer compatibility between the range of
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voltages needed to control these displays and the standard
technology of the column drivers of the active matrices.
[0047] In practice, it has been seen how, in the state of the
art, the breaking voltage level is applied to the columns of the
matrix by the column driver 4 (FIG. 1). It has also been seen
how the row drivers of the state of the art are designed to apply
gate voltage levels with an amplitude that can range up to 40
volts. However, the column drivers cannot apply voltages
greater than 16.5 volts in the best case (IPS standard) to the
drains (or sources) of the transistors of the matrix. It is there-
fore not possible to command voltages greater than 13 volts
(TN drivers) or 16.5 volts (IPS drivers) on the columns of the
matrix. These levels are insufficient to allow for anchoring
breaking on a row time that is short enough to be compatible
with video applications.

[0048] Thus, even ifthe TFT transistors associated with the
pixel electrodes are capable of supporting and switching a
voltage greater than 20 volts, it is not possible to apply such
voltages using the standard drivers of the state of the art.
[0049] If the voltages to be applied to the gates of the
transistors, and the range [VU, VT] of the voltage levels of the
video signal to be applied, i.e. between 10 and 13 volts in
practice, respectively corresponding to the twisted texture T
and the uniform texture U, are indeed included in the standard
specifications of the drivers of these matrices, the same does
not apply for the initialization component (stage P1) of the
display control signal Sb(P1,P2) applied to the columns: it is
notin fact possible to apply a breaking voltage of 20 volts and
above by means of standard column drivers of the state of the
art.

[0050] Now, developing new, specific drivers is always a
lengthy and expensive operation.

[0051] One object of the invention is to solve this technical
problem.
[0052] One object of the invention is to offer an active

matrix bistable nematic display structure that can be used
with standard drivers (integrated or external) to apply high
voltage levels to the pixel electrodes.

[0053] One object of the invention is to propose such an
active matrix at low cost.

[0054] One object of the invention is to obtain an active
matrix for a bistable nematic display device, essentially by
modifying the drawings of the masks used to fabricate a
standard active matrix for TN or IPS displays.

[0055] One idea on which the invention is based is to start
from a standard active matrix, modify its structure so as to be
able to use standard drivers and apply the control voltage
levels needed on the pixel electrodes, without degrading
either the reliability of the matrix or that of the drivers.

[0056] According to the invention, provision is made for
the switching device associated with each pixel electrode to
include another switching element, for example another tran-
sistor, the function of which is to handle the breaking of the
anchoring point of the pixel. Thus, in the switching device,
the reset function and the writing function of a new texture are
separated. This other switching element can be controlled by
the row driver, which supports high voltages of around 40
volts, and connected to a specific power supply bus to switch
a breaking voltage of around 20 volts or above. This breaking
voltage is applied by the specific power supply bus and no
longer by the column driver which is then used exclusively to
control the voltage levels corresponding to the video to be
displayed, as for the standard TN or IPS matrices.
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[0057] The specific power supply bus can be produced by
conductors that are added to the structure of the matrix, on the
conductive layer levels, or by functional conductive layers
already provided in the matrix, but the function of which can
be diverted, for the purposes of applying the breaking voltage
level thereto. These are typically conductive functional layers
provided in the active matrix structures as storage capaci-
tance. These layers can be diverted from their original func-
tion, because the pixels of the bistable nematic displays donot
require storage capacitance to maintain the voltage level on
the pixel electrode. In practice, once the new texture is “writ-
ten” in the pixel, it remains there indefinitely, as long as an
anchoring point is not broken. It is also possible to use the
“light shield” type light screen normally used to enhance the
open aperture ratio OAR. In practice, this screen is normally
conductive, to enhance the storage capacitance. Thus, it is
possible to divert functional layers provided in the TN or IPS
active matrices of the state of the art to produce a specific
power supply bus, for the breaking voltage, and for little
development cost.

[0058] The invention therefore concerns an active matrix
for a liquid crystal display device, comprising pixel elec-
trodes arranged in a crossed network of rows and columns,
and, associated with each pixel electrode, an electronic con-
trol device comprising a first switching element connected
between said pixel electrode and an associated column, a
control electrode of said first switching element being con-
nected to an associated row, wherein said control device com-
prises a circuit for initializing said pixel electrode comprising
a reset bus and a second switching element connected
between said pixel electrode and said reset bus, a control
electrode of which is connected to a preceding row of the
network.

[0059] Theinvention applies to liquid crystal displays com-
prising such an active matrix, and in particular a bistable
nematic type display.

[0060] Other advantages and characteristics of the inven-
tion will become more clearly apparent from reading the
description of the invention that follows, given by way of
indication and in a non-limiting way, and with reference to the
appended drawings, in which:

[0061] FIG. 1, already described, represents an active
matrix structure for bistable nematic display, according to the
state of the art;

[0062] FIG. 2, already described, illustrates the display
control of a pixel of a bistable nematic display;

[0063] FIG. 3q illustrates a first embodiment of an active
matrix according to the invention, with an initialization phase
for each row of the matrix, corresponding to the breaking of
the anchoring, carried out on the addressing time of the pre-
ceding row;

[0064] FIG. 3b illustrates electrical signal shapes on the
various conductors of the matrix of FIG. 3a;

[0065] FIGS. 3¢ and 34 each represent a variant embodi-
ment of an active matrix according to the invention;

[0066] FIG. 4a illustrates another embodiment of an active
matrix according to the invention;

[0067] FIG. 45 represents corresponding electrical signals
on the rows or columns of the matrix;

[0068] FIG. 5 illustrates an active matrix of the state of the
art, comprising a storage capacitance bus under each row of
pixel electrodes, and which can be used in the invention;
[0069] FIG. 6a illustrates a first embodiment of a refine-
ment of an active matrix according to the invention;
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[0070] FIG. 65 represents corresponding electrical signals
on the rows and columns of the matrix;

[0071] FIGS. 6¢ and 64 each illustrate a variant embodi-
ment of the refinement;

[0072] FIG. 7 illustrates another embodiment of the refine-
ment of an active matrix according to the invention; and
[0073] FIG. 8 illustrates a variant of the method of control-
ling a matrix structure according to FIG. 3a.

[0074] FIG. 3aillustrates a first example of an active matrix
structure with standard transistors according to the invention,
capable of allowing very high voltage levels to be applied to
the pixel electrodes, without risking the breakdown of the
transistors used. Such a matrix structure used in a bistable
nematic display then allows the display to be used in video
applications, with row times less than 40 microseconds,
which offers interesting prospects of opening up the market
for these displays.

[0075] A pixel electrode BP, ,, associated in the matrix with
the row r, and the column Col , comptises an associated con-
trol device. This device normally comprises a switching ele-
ment T connected between the column Col, and the pixel
electrode EP, . The control electrode g of this switching
element T is connected to the row r,. The switching element is
typically a transistor, one conduction electrode of which, the
source s for example, is connected to the column, and the
other conduction electrode of which, the drain d for example,
is connected to the pixel electrode.

[0076] According to the invention, the control device of
each pixel electrode also comprises a circuit for initializing
the pixel electrode on the preceding row time.

[0077] Inthe embodiment shown, this initialization circuit
is a transistor type switching element, T".

[0078] This initialization transistor T" is connected between
a conductor linked to a specific Reset power supply bus, and
the pixel electrode. For example, the source s' of the transistor
T' is connected to the pixel electrode EP, ; and the drain d' of
the transistor T' is connected to the Reset bus. The gate g' of
this initialization transistor is connected to a preceding row,
r_ in the example.

[0079] If a liquid crystal display using such a matrix is
considered, a corresponding pixel is formed between the
pixel electrode EP, , and a counter-electrode CE.

[0080] As illustrated in FIG. 35, the selection of a row, for
example the row r;, entails having the row driver 3 apply a
voltage level Vg, to this row. The transistors, the gate of
which is connected to this row, are then in the “on” state,
equivalent to a short circuit. Deselecting this row entails
having avoltage level Vg, -applied to this row. The transistors
of adeselected row are then in the “off” state, equivalent to an
open circuit.

[0081] It will thus be understood that the transistors T'
associated with the pixel electrodes EP; ; of the row r, and the
gates of which are connected to the preceding row r,_, , are set
to the “on” state on the preceding row time tl,_,, that is when
the row r,_, is selected. They are in the “oft” state otherwise.
In particular, they are in the “off” state on the row time tl,. The
transistors T are themselves in the “on” state on the row time
tl,, and in the “off” state on the other row times.

[0082] The Reset bus is brought to a continuous voltage
level Vreset greater than or equal to the anchoring breaking
voltage of the liquid crystal molecules. When the transistor T'
switches to the “on” state, it transfers the voltage level Vreset
to the pixel electrode EP, ; on the row time tl,_,, at a level of
Vg,,.-Vth which must be greater than the breaking voltage.
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[0083] When the row r, is then selected, on the row time tl,,
the transistor T' switches to the “off” state (row r,_, dese-
lected) and the transistor T switches to the “on” state. The
pixel electrode EP, ; is charged by the transistor T 1o the
voltage level VD, applied in the same time tl, to the associated
column Col,.

[0084] The term “row time” is used to mean the addressing
time of a row, during which the row control circuit (row
driver) applies a select signal to that row, the effect of which
is to switch all the switching elements T of that row on. All the
other rows are deselected during this row time.

[0085] Thus, as represented in FIG. 35, the row driver
applies, on the row time tl, of the row r,, a voltage level Vg_,
which switches all the transistors T of that row on. On the
other rows, the row driver applies a voltage level Vg, so that
all the transistors are “off”. Vg, is in practice less than the
threshold voltage of the transistor T. It is possible to have
Vg0 volts. The transistor T then switches the voltage VD,
applied to its source, by the associated column Col,. This
switching is accomplished without losses because VD, is at
most equal to the voltage level for a uniform texture, or 13
volts in the state of the art, while the gate voltage Vg_, is far
greater, around 20 volts and above.

[0086] The pixel electrode EP, ; connected to a transistor T
of the selected row r, is therefore charged roughly to the
voltage level VD, which is applied to the corresponding col-
umn Col, on the row time tl,. This voltage level typically
corresponds to the data item to be displayed.

[0087] On the pixel electrode EP, , there is a signal shape
with two stages spread over the row times tl,_, and tl,. The first
stage corresponds to an anchoring breaking phase T, and the
second stage to a new video data item writing phase T,

[0088] Such a matrix according to the invention controlled
as described in relation to FIG. 3b, and used in a bistable
nematic display, therefore allows for the pixels to be con-
trolled appropriately to display the different grey levels, with
a switching that is fast enough to allow video applications to
be considered, because the breaking phase t_takes place ona
preceding row time, and the voltage levels applied are com-
patible with the standard TN or IPS technology.

[0089] In fact, it has been seen how, in relation to the
description of a bistable nematic display, the initialization
voltage Vreset was approximately 20 volts or greater than 20
volts, for row times compatible with video applications. In the
invention as illustrated in FIG. 34, this voltage is applied by a
specific bus, directly to the drain of the transistor T' of the
matrix, while the gate g' controlled by the row driver receives
a voltage Vg _ greater than the voltage Vreset by at least the
threshold voltage Vth of the transistor T'. The threshold volt-
age Vg, remains less than 30 volts: it is therefore compatible
with the gate control voltage range of the standard row driv-
ers.

[0090] The video voltage levels applied by the column
driver to the sources or drains of the transistors T vary
between 13 volts, to obtain a uniform texture U, and 10 volts,
to obtain a twisted texture T. These voltage levels are within
the range of control voltages supplied by the standard column
drivers.

[0091] An active matrix as illustrated in FIG. 34, used with
standard row and column drivers, whether incorporated in the
matrix or not, in a bistable nematic display, is thus capable of
allowing for anchoring breaking and the display of the new
video data for each of the pixels of a row r,, on two separate
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row times: anchoring breaking on the preceding row time tl,_;
and display of the new video data item on the row time tl,.
[0092] The control device of each pixel electrode compris-
ing a transistor T and an initialization circuit T" according to
the invention can thus be used to simply obtain a two-stage
signal shape on the pixel electrode, as illustrated in FIG. 35
for the pixel electrodes EP, ; and EP,, .

[0093] This signal is compatible with the control of the
pixels of a bistable nematic display. This is obtained by using
a standard active matrix, with standard row and column driv-
ers, for TN or IPS displays, simply by adding a transistor to
the matrix. This is obtained simply by modifying the draw-
ings of the masks, without having to modify the steps of the
standard fabrication method.

[0094] For a bistable nematic display, adding a transistor
for each pixel is not prejudicial in terms of OAR, because the
ultra-portable devices that use such displays normally operate
in reflective mode.

[0095] Moreover, the transistors T and T' are each used in
normal voltage ranges.

[0096] Thus, separating the anchoring breaking and video
display functions by different switching means, activated on
different row times, provides a way of applying voltage levels
that are compatible with the technology, and with video appli-
cations.

[0097] In the example represented in FIG. 34, the specific
Reset power supply bus, which directs the initialization volt-
age Vreset to the drains or sources of the initialization tran-
sistors of the matrix, comprises a plurality of conductors
disposed parallel to the columns. In practice, these conduc-
tors are provided on the same level as the columns of the
matrix, or on a separate level.

[0098] It is possible in a similar way to provide for the
conductors of the Reset power supply bus to be disposed
parallel to the rows of the matrix. This is the variant repre-
sented in FIG. 3c. In this respect, it will be noted that there are,
in the state of the art, matrices that comprise, for each pixel, a
column, an addressing row and a storage capacitance row. It
is then easy to use these matrices of the state of the art by
changing the function of these storage rows to a function for
bringing an initialization voltage Vreset to the drains (or
sources) of the initialization transistors T', by providing
appropriate connections between these rows and these drains
(or sources).

[0099] In another variant embodiment of a matrix accord-
ing to the invention, as illustrated in FIG. 34, the Reset power
supply bus is formed by a conductive functional layer F of a
standard matrix, such as the buried ground plane normally
used to form a storage capacitance with each pixel electrode,
in the standard TN matrices in particular. Such a functional
layer is formed on a layer separated from the pixel electrodes
by at least one insulating layer, to form a storage capacitance
in parallel with the pixel capacitance Cpixel.

[0100] Infact, as has already been explained, such a storage
capacitance has no use in bistable nematic displays, since the
molecules, once oriented according to the type of texture,
uniform or twisted, remain in this state indefinitely as long as
the weak anchoring is not broken.

[0101] This functional layer can even be a “Light Shield”
type layer, that is, a screen that is used commonly in standard
TN matrices in particular, to mask the light leakages due to
the field lines induced by the structure. This is normally a
conductive and opaque layer, of titanium in grid form, and
which can be either disposed under the active matrix (that is,
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under the transistors) or between the level of the rows/col-
umns (forming the drains/sources of the transistors) and the
pixel electrodes. This conductive layer is normally formed on
a level separated from the pixel electrodes by at least one
insulating layer and is thus used in these structures as storage
capacitance for each pixel electrode. For the same reasons as
previously, it is therefore possible to use this layer, without
any difficulty, as a bus for bringing the initialization voltage
Vreset to the drain (or the source) of each initialization tran-
sistor T".

[0102] Another embodiment of an initialization circuit
according to the invention is represented in FIG. 4a. The
initialization circuit of the control device of a pixel electrode
of a row r; then comprises a diode D connected between the
pixel electrode EP,  and the preceding row r,_;.

[0103] The diode D can typically be obtained by a transis-
tor, the drain d' (or the source) and the gate g' of which are
connected together, to the preceding row r,_,. The other con-
duction electrode of the transistor, the source s' in the
example, is linked to the pixel electrode EP, ;.

[0104] FIG. 4b shows the shape of the signal that can be
obtained on the pixel electrode EP,, according to the signals
applied to the rows and columns of the matrix during the
different row times tl,_, tl, tl,, ,, etc. It is roughly the same as
that illustrated in FIG. 35

[0105] FIG. 5 illustrates an exemplary active matrix
described in the French patent application entitled “Structure
de matrice active pour écran de visualisation et écran com-
portant une telle matrice” (Active matrix structure for display
screen and screen comprising such a matrix), and registered
under number 02 15484. Such a matrix describes buses par-
allel to the rows, and disposed under each row of pixel elec-
trodes, and used as storage capacitance. Such a matrix can
even be used to produce a matrix according to the invention.
[0106] Such a matrix is illustrated in FIG. 5. It comprises
storage capacitance buses provided under each row of pixel
electrodes. Fach pixel electrode EP, ; covers a large portion of
the area bracketed by two successive rows and columns. In the
figure, the row R, of pixel electrodes is bracketed by the
associated select row, r,, and by the select row r,_, of the
immediately preceding row.

[0107] For each row R, of pixel electrodes, an associated
storage capacitance bus B, is provided under the row, roughly
of the same width. This bus B, is disposed parallel, between
the two selectrows r,and r,_, . It is connected to the select row
r,_, of the preceding row. In the example represented, it is
connected to this row, outside the active area of the matrix,
ZA, via its two ends.

[0108] This bus B, forms a storage capacitance Cst with
each pixel electrode EP,  of the row R

[0109] Inthe invention, this storage capacitance formed by
the bus B,, which is great, and which is connected to the
preceding select row r,_,, is advantageously used to charge
the pixel electrodes EP, ; of the row 1, to the required initial-
ization voltage, typically to the initialization voltage Vreset.
This is obtained by dimensioning the storage capacitance
(area facing between the plane of the storage capacitance and
the pixel electrode, dielectric used and thickness of the dielec-
tric) so that the coupling offset is greater than the required
initialization voltage.

[0110] Thus, the switching element T' connected to the
pixel electrode EP, ; of FIG. 3a is here replaced in an equiva-
lent manner by the bus B,. In fact, this bus forms a storage
capacitance with this electrode EP; , a terminal of this capaci-
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tance being connected to the pixel electrode, the other termi-
nal of the capacitance being formed by the conductive bus
itself and connected to the preceding row r,_,. The switching
on the line r,_;, from the voltage Vg, to the voltage Vg,
results in the switching on the other terminal of the storage
capacitance of a voltage equal to the coupling offset, approxi-
mately the voltage Vreset.

[0111] Thus, to returnto FIG. 36, on the preceding row time
tl,_,, the preceding row r,_, is at a level Vg, chosen to be
greater than the initialization voltage Vreset. By coupling via
the bus B, which is connected to the preceding rowr,_,, all the
pixel electrodes of the row r, are brought to the initialization
voltage Vreset. The initialization circuit associated with each
pixel electrode thus comprises the bus forming storage
capacitance with said electrode.

[0112] Thus, more generally, according to an embodiment
of the invention, the matrix comprises, for each row r,, a
conductive bus B, buried under the row of pixel electrodes of
said row, and connected to the preceding row r,_,. This bus
forms a storage capacitance with each of the pixel electrodes
of said row of rank i. This storage capacitance is dimensioned
to exceed a coupling offset greater than the initialization
voltage Vreset.

[0113] The initialization circuit associated with each pixel
electrode then comprises the bus forming storage capacitance
with said electrode.

[0114] The invention that has just been described can be
used to apply to each pixel electrode an electrical signal shape
with two stages: an initialization stage, for breaking, and a
stage for writing the new video data item. The pixel electrode
remains at the second stage until the next row time of the new
video frame.

[0115] A refinement of the invention comprises a circuit for
grounding the pixel electrodes of each row at the end of the
row time.

[0116] There is then a signal shape on the pixel electrode
with three stages: the stage corresponding to the anchoring
breaking, the stage corresponding to the display of the new
video data item (grey level) and the stage for return to ground.
According to the abovementioned patent filed by Nemoptic,
such a method of controlling the pixel electrodes offers better
performance.

[0117] A first embodiment of a matrix according to the
invention comprising such a grounding circuit is represented
in FIG. 6a.

[0118] Inthis embodiment, the grounding circuit is another
switching element, typically a transistor T", connected
between the pixel electrode EP, ;and a ground plane GP of the
matrix, and activated on the next row time tl,,,. To this end,
the gate g" of this grounding transistor T" is connected to the
next row r;

i+l

[0119] As illustrated in FIG. 6b, the voltage level of the
pixel electrode EP, is pulled up on therow timetl,, |, fromthe
video level VD, charged on the row time tl,, to the electrical
ground (0 volts).

[0120] There is a three-row-time operating mode, corre-
sponding to the three voltage stages of the controlled signal
on the pixel electrode EP,  of the row r;

[0121] Therow timetl,_, corresponds to an initialization
cycle T, of these pixel electrodes (for breaking anchor-
ing).

[0122] The row time tl, corresponds to a display cycle T,
of the new video on these pixel electrodes.
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[0123] The row time tl,,, corresponds to a grounding
cyclet,, of these pixel electrodes.

[0124] From row to row, there thus follow in turn the three
cycles T, T,, T, onthree successive row times: the row time of
the preceding row, the row time of the current row, the row
time of the next row.
[0125] These row times are, in the example, immediately
consecutive, a choice that facilitates the design, but it is per-
fectly possible for these row times to be separated by a num-
ber of row times.
[0126] FIG. 6a shows a control device with three transis-
tors: the transistor T for charging the video, the transistor T'
for initialization and the transistor T" for grounding. In the
example, the grounding transistor is connected to a buried
ground plane GP. This presupposes that the initialization tran-
sistor T" is connected to a bus or a different conductive plane,
which is itself brought to the voltage Vreset. In FIG. 6a, the
voltage Vreset is thus brought by a Reset power supply bus,
comprising conductors parallel to the columns (which corre-
sponds to the embodiment of FIG. 3a). In FIG. 6c, the voltage
Vreset is brought by a light shield LS type conductive plane
(which corresponds to the embodiment explained with rela-
tion to FIG. 34).
[0127] More generally, and as illustrated in FIG. 6d, the
grounding transistor T" is connected to a conductive func-
tional layer F of the matrix, which is grounded.
[0128] The grounding circuit can even be produced by the
row/pixel stray capacitance C,,,../t, illustrated in FIG. 4a. To
discharge the pixel electrode, the value of the capacitance is
adapted to ensure at least the transition to the twist threshold
voltage of the pixel when the row is deselected.
[0129] According to another embodiment, the grounding
can be obtained by the natural play of leakage currents from
the first switching element (T) and/or the second switching
element of the control device of each pixel electrode, when
these transistors are polycrystalline, monocrystalline, poly-
morphous or organic.
[0130] FIG. 7 illustrates another embodiment of a ground-
ing circuit in a matrix according to the invention, according to
which use is made of a leakage current from the spacers e
normally used in the cavity comprising the liquid crystals of
a display. According to the invention, there are one or more
spacers on each electrode. These spacers are in contact with
the pixel electrode and the counter-electrode CE. There is
then a leakage current in each spacer which will pull the pixel
electrode to the counter-electrode potential (typically
ground). These spacers are made of a material chosen with a
determined conductivity that is high enough not to disturb the
charge of the pixel, but low enough to obtain the discharge
after a few row times.
[0131] FIG. 8 illustrates yet another embodiment of the
grounding circuit in a matrix according to the invention, with
a matrix according to any one of the embodiments illustrated
in FIGS. 3a, 3b, 3¢, 3d, 4a or 5, or a variant thereof, in
combination with an appropriate control of the power sup-
plies on the column driver 4 at the end of each row time, that
is, immediately before the end of the row time, because in this
case, it is essential for the row to still be selected.
[0132] The grounding of the pixel electrodes of a row is
thus obtained by controlling, on the columns, a return to zero
at the end of each row time. Thus, on each row time, for
example on the row time tl,, there is, on each column, for
example on the column col,, first of all the video voltage level
to be displayed VD,, then the level 0. This can clearly be seen
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in FIG. 8. This is obtained by providing, in the column control
circuit (column driver), or via a separate circuit controlled in
an appropriate manner, for the grounding of the analogue
voltages immediately before the end of each row time (the
row must still be selected).

[0133] In practice, in the invention that has just been
described, the transistors of the matrix Tand T' (or D) or T, T"
and T" depending on the embodiment variants can be TFT
transistors, the channel of which is made of amorphous sili-
con, and which offer the advantage of not being the source of
leakage currents. This is an important parameter for TN or
IPS displays.

[0134] Forbistable nematic displays, where the nuisance of
leakage currents does not apply, since the pixel retains the
information indefinitely once the texture has been “written”,
it is possible advantageously to use polycrystalline, microc-
rystalline, polymorphous or even organic type transistors. In
this case, it has been seen how the grounding can even be
obtained simply by the play of the leakage currents from the
transistors T and/or T that will discharge the pixel electrode.
[0135] The different embodiments seen for the initializa-
tion circuit and the grounding circuit are combined together.
The figures show some of these combinations by way of
examples illustrating the invention. The invention is not lim-
ited to only these illustrated combinations but covers all the
variants that devolve from them for those skilled in the art by
applying their normal knowledge.

[0136] A bistable nematic display comprising an active
matrix according to the invention with standard row or col-
umn drivers, integrated or otherwise, can thus be driven with
row times of less than 40 microseconds, which means that it
can be used for numerous applications, with all the advan-
tages offered by the bistable nematic technology, and at lower
cost.

[0137] Inaliquidcrystal display, the pixel electrode and the
counter-electrode form the two armatures of the pixel capaci-
tance, and the bistable material that is used to store the infor-
mation is between the two armatures.

[0138] Theinvention that has just been described applies in
an equivalent manner to matrix memory devices, with at least
two stable states, such as ROM, RAM, CCD and other type
memories, in which the bistable material is between the two
armatures of the information storage capacitance. In this con-
text, the pixel electrode should be understood to be an arma-
ture of this capacitance.

1-17. (canceled)
18. An active matrix for a liquid crystal display device,
comprising:
pixel electrodes arranged in a crossed network of rows and
columns; and
associated with each pixel electrode, an electronic control
device comprising a first switching element connected
between the pixel electrode and an associated column, a
control electrode of the first switching element being
connected to an associated row,
wherein the control device comprises a circuit for initial-
izing the pixel electrode comprising a reset bus and a
second switching element connected between the pixel
electrode and the reset bus, a control electrode of which
is connected to a preceding row of the network.
19. An active matrix according to claim 18, wherein the
first and second switching elements of the electronic control
device comprise transistors.
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20. An active matrix according to claim 18, wherein the
reset bus comprises a specific power supply bus.

21. An active matrix according to claim 20, wherein the
power supply bus comprises a plurality of conductors dis-
posed parallel to the columns or parallel to the rows.

22. An active matrix according to claim 20, wherein the
power supply bus comprises a transparent or opaque func-
tional conductive layer of the matrix, formed on a level sepa-
rated from the pixel electrodes by atleast one insulating layer.

23. An active matrix according to claim 18, comprising, for
each row of rank i of the matrix, a conductive bus buried under
the row of pixel electrodes of the row, and connected to a
preceding row, the bus forming a storage capacitance with
each of the pixel electrodes of the row of rank 1, wherein the
conductive bus forms the reset bus and the second switching
element of the initialization circuit associated with each pixel
electrode comprises the conductive bus forming storage
capacitance with the electrode, a first terminal of the capaci-
tance being connected to the pixel electrode, a second termi-
nal of the capacitance being formed by the conductive bus,
and connected to the preceding row.

24. An active matrix according to claim 18, wherein the
second switching element comprises a diode.

25. An active matrix according to claim 24, wherein the
diode is formed by a transistor, one conduction electrode,
drain or source, of which is connected to the gate, the other
conduction electrode being connected to the pixel electrode.

26. An active matrix according to claim 18, further com-
prising a grounding circuit of each pixel electrode.

27. An active matrix according to claim 26, further com-
prising a conductive functional layer, wherein the grounding
circuit comprises a switching element connected between the
pixel electrode and the functional layer, and a control elec-
trode of which is connected to a next row in the matrix, the
functional layer being grounded.

28. An active matrix according to claim 26, wherein the
grounding circuit comprises a stray coupling capacitance
between each pixel electrode and the associated row, capable
of ensuring discharge of the pixel electrode when the row is
deselected.

29. An active matrix according to claim 26, wherein the
first switching element and/or the second switching element
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of the control device of each pixel electrode comprises a
polycrystalline, monocrystalline, polymorphous or organic
transistor.
30. A liquid crystal display comprising:
an active matrix according to claim 26, wherein the
grounding circuit comprises spacers in a cavity contain-
ing liquid crystals, the spacers being placed on each
pixel electrode, between each pixel electrode and a
counter-electrode, and having a leakage current capable
of discharging the pixel electrode over a few row times.
31. A liquid crystal display comprising:
an active matrix according to claim 18, comprising a row
driver and a column driver configured to control the
control circuit associated with each pixel electrode, the
first switching element being activated by the row driver
on an addressing time of the row, to apply a voltage level
corresponding to a gray level to be displayed on the pixel
electrode, the voltage level being applied to an associ-
ated column on the addressing time by the column
driver, the second switching element being activated by
the row driver on an addressing time of a preceding row,
to apply an initialization voltage level.
32. A liquid crystal display comprising:
an active matrix according to claim 18, comprising a row
driver and a column driver configured to control the
control circuit associated with each pixel electrode, the
first switching element being activated by the row driver
on an addressing time of the row, to apply a voltage level
corresponding to a gray level to be displayed on the pixel
electrode, the voltage level being applied to an associ-
ated column on the addressing time by the column
driver, the second switching element being activated by
the row driver on an addressing time of a preceding row,
to apply an initialization voltage level, and wherein the
column driver pulls all the columns to ground at the end
of each addressing time of a row, the row being still
selected.
33. A display according to claim 31, of bistable nematic
type.
34. A display according to claim 32, of bistable nematic
type.
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