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7) ABSTRACT

A bistable chiral nematic liquid crystal display has pixel
address circuits which comprise a first switching device (14)
for switching a supply voltage to the remainder of the pixel
address circuit and which is controlled by a row address line
(10) and a second switching device (16) for allowing or
preventing the supply voltage to be provided to the respec-
tive portion of the liquid crystal material (18), and controlled
by a column select line (32). This pixel layout enables a
transition to the H state to be avoided when the material is
to remain in the P or FC states, so that the black addressing
bar artifact can be avoided.
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BISTABLE CHIRAL NEMATIC LIQUID CRYSTAL
DISPLAY AND METHOD OF DRIVING THE SAME

[0001] The present invention concerns a display utilizing
a chiral nematic reflective bistable liquid crystal material,
and a method of driving such a display. This material is also
described as cholesteric. In particular, the invention relates
to an active matrix pixel arrangement and drive scheme.

[0002] Cholesteric liquid crystal material is a reflective
material that provides a strongly colored binary image. The
material is bistable, has a very wide viewing angle and does
not require polarisers, color filters or rubbing as do super
twisted nematic (STN) type displays. Therefore, the material
can provide a low power and low cost display at high
resolution and with a good quality single color image. This
type of display is being proposed for hand-held portable
devices as well as for electronic document viewers, such as
electronic book or newspaper devices.

[0003] Cholesteric materials have three stable states. The
Planar (P) state is a reflective state of the material, and is
stable with zero applied field. The Focal Conic (FC) is a
transmissive scattering state of the material, and is also
stable with zero applied field. The Homeotropic (H) state is
stable only above a high threshold voltage of around 30V,
and is also transparent. A black absorbing layer placed
behind the material means that the H and FC states appear
black.

[0004] A fourth, instable, state also exists, which can
occur upon relaxation of the material from the H state. This
is called the Transient Planar (P*) state. This state only arises
if the high voltage on the material in the H state is reduced
rapidly, for example in 2 ms or less. The Transient Planar
state relaxes to the Planar state (P) in the absence of applied
voltages.

[0005] 1In use of the material, a drive scheme is devised to
switch the material between the P and FC states, which are
stable at zero applied voltage. A first problem arises because
any transition between the P and FC states requires the
material to pass through the high-voltage H state. Therefore,
known passive matrix switching schemes require rapid high
voltage switching. Conventional drive schemes are arranged
such that each time a pixel is addressed, a transition in the
material is provoked into the H state. This means that pixels
in the reflective P state are caused to pass through the
transmissive H state, even if the pixel is to be driven to the
reflective P state in the next field period. This gives rise to
a visual artifact known as a black addressing bar.

[0006] A further problem with this material results from
the slow response time. For example, voltages need to be
applied for at least 20ms to enable state transition of the
material into the H state. The material also has strong
temperature dependence.

[0007] The bistable nature of the material at zero applied
voltage means a display using the material does not require
continuous updating or refreshing. If display information
does not change, the display can be written once and remain
in its information-conveying configuration for extended
periods with no power consumption. This has resulted in use
of cholesteric liquid crystal displays for images that can be
slowly updated over relatively long periods of time. How-
ever, the problems outlined above, particularly the slow
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addressing response, have limited the further development
of this display technology in wider fields of application.

[0008] U.S. Pat. No. 5,748,277 discloses a passive matrix
addressing scheme for cholesteric displays which seeks to
reduce the addressing time. The scheme relies upon the rapid
transition from the H state to the P* state. If there is rapid
voltage turn-off, a transition to the P* is achieved (and in
turn a transition to the P state), whereas if there is slow
voltage turn off, then a transition to the FC state takes place.

[0009] The drive scheme provides an address voltage
profile which has three phases. These three phases are
known as “preparation”, “selection” and “evolution”. The
preparation phase places the liquid crystal material in the
Homeotropic state, and is achieved by applying a high
voltage, typically 35V, to the row of pixels for about 50 ms.
The selection phase is only 1 ms long and dictates whether
there is rapid or slow voltage turn off. The voltage applied
to the row is typically 7V, and the column voltage is in the
range -3V to +3V. During this phase, the voltage applied to
the column determines which state the pixel will end up in.
The evolution phase allows the liquid crystal material to
relax to the Planar or Focal Conic state, as determined by the
preceding selection phase. During this phase, a voltage of
25V may be applied, typically for 40 ms. At the end of the
three phase process, the voltage across the liquid crystal
material is returned to zero.

[0010] The preparation and evolution phases can be car-
ried out simultancously for adjacent rows, so that, for a large
number of rows, the average row address period will tend
towards the selection phase duration of 1 ms.

[0011] In common with other liquid crystal materials, the
LC state is determined by the RMS voltage across the LC
cell, whereas the average voltage across the cell should be
zero to prevent electrochemical degradation. For this pur-
pose, the row voltages are arranged as AC pulse trains so that
the RMS voltage is non-zero, whereas the average voltage is
zero. Typically, the frequency of the row voltage signals will
be 1000 Hz, so that the sclection phase comprises a single
wavelength signal of 1 ms duration. This imposes a large
number of high voltage transitions on the row electrodes
which consume power.

[0012] Whilst this three-phase addressing scheme
improves the addressing time, it does not address the other
issues of rapid high voltage switching or of the black
addressing bar.

[0013] According to the invention, there is provided a
display apparatus comprising:

[0014] alayer of bistable chiral nematic liquid crystal
material
[0015] an active matrix substrate defining rows and

columns of pixel address circuits, each pixel address
circuit having an output for applying a signal to a
respective portion of the liquid crystal material,

[0016]

[0017] a first switching device for switching a supply
voltage to the remainder of the pixel address circuit
and which is controlled by a row address line;

[0018] a second switching device for allowing or
preventing the supply voltage to be provided to the

wherein each pixel address circuit comprises
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respective portion of the liquid crystal material, and
controlled by a column select line.

[0019] The switching devices of the pixel enable a tran-
sition to the H state to be avoided when the material is to
remain in the P or FC states. In particular, if transition from
the P state to the H state is avoided, the black addressing bar
artifact can be avoided. The use of row address line for the
control of the first switching device and a column select line
for control of the second switching device enables the
supply of the supply voltage to individual pixels to be
controlled independently. The supply voltage is the voltage
required to cause a transition of the cholesteric material to
the H state.

[0020] A third switching device may be provided for
switching a selection voltage to the pixel address circuit and
which is controlled by a second row address line, the
selection voltage being provided on a column line, the
second switching device allowing or preventing the selec-
tion voltage to be provided to the respective portion of the
liquid crystal material. This enables the selection phase to be
implemented, but the second switching device still enables
the voltage profile of the selection phase to be inhibited from
reaching the liquid crystal material.

[0021] A fourth switching device may be provided for
switching a ground voltage to the liquid crystal material and
which is controlled by a third row address line. This main-
tains the pixel in the stable zero voltage state at the end of
the phase transitions within the material.

[0022] A signal on the column select line may be provided
to a sample and hold circuit, so that a short time is required
to provide the signal to the pixel. This enables the column
select line to provide signals for different rows of pixels in
rapid succession. The second switching device may com-
prise a transistor, and the signal on the column select line is
then a gate signal for the transistor. The sample and hold
circuit preferably comprises a sampling transistor and a
holding capacitor, a gate voltage being stored on the capaci-
tor for controllably turning the transistor on or off.

[0023] A frame store may be provided for determining
which pixels are to be provided with the supply voltage
based on the pixel outputs in the previous and current
frames.

[0024] The invention also provides a method of addressing
a bistable chiral nematic liquid crystal display apparatus, the
apparatus comprising an active matrix substrate defining
rows and columns of pixel address circuits, each pixel
address circuit having an output for applying a signal to a
respective portion of the liquid crystal material, the method
comprising:

[0025] selecting a row of pixels thereby providing a
supply voltage to each pixel, the supply voltage
being sufficient to cause the liquid crystal material to
reach a homeotropic state;

[0026] determining which pixels require the respec-
tive portion of the liquid crystal material to have the
supply voltage applied to them, those pixels which
were in a reflecting planar state in the previous frame
and which are to remain in a reflecting planar state in
the current frame being determined as not requiring
the supply voltage;

[0027] providing the supply voltage to those pixels
determined to require the supply voltage which
places the liquid crystal material in the Homeotropic
state;
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[0028] providing a selection voltage to those pixels
determined to require the supply voltage, the selec-
tion voltage determining whether the liquid crystal
material relaxes to the Focal Conic or Planar state;
and

[0029] providing voltages to allow relaxation of the
liquid crystal material from the Homeotropic state.

[0030] The method enables the black addressing bar arti-
fact to be eliminated, and avoids rapid switching of high
voltages. However, the average voltage may still be zero, by
making the supply voltage positive for some frames and
negative for other frames.

[0031] Examples of the invention will now be described in
detail with reference to the accompanying drawings, in
which:

[0032] FIG. 1 shows the electro-optical response of a
bistable reflective cholesteric liquid crystal,

[0033] FIG. 2 shows an active matrix pixel circuit for a
cholesteric display in accordance with the invention;

[0034] FIG. 3 shows the pixel circuit of FIG. 2 in greater
detail;
[0035] FIG. 4 is a timing diagram for the circuit of FIG.
3; and
[0036] FIG. 5 shows a display according to the invention.
[0037] The definition of “rows” and “columns” is some-

what arbitrary in the following description and claims. These
terms are intended only to signify a two dimensional array
of elements, with groups of elements aligned with two
orthogonal axes. Thus, a row or column may run from side
to side or from top to bottom of a display.

[0038] FIG. 1 shows the electro-optical response of a
bistable reflective cholesteric liquid crystal. The curves
show the reflectivity after application of a square wave pulse
of given voltage starting either in the stable low-voltage
Planar or Focal Conic state. A voltage below V; does not
change the state of the material. A voltage pulse between V,
and V; switches the material to the Focal Conic state, and a
voltage above V, results in the Planar state. To use the
material in a liquid crystal display, the material is driven to
the stable Planar or Focal Conic states with low applied
voltage (<V,). However, to switch between the Planar and
Focal Conic states, the material must be driven to a high
voltage state (not shown in FIG. 1) in which the material is
transmissive. The conditions under which this high voltage
is then removed from the material dictate the manner in
which the material relaxes to the stable low voltage state. If
the voltage is removed rapidly, the material passes through
the Transient Planar state before relaxing to the stable Planar
state. If the high voltage is removed more slowly, the
material relaxes to the Focal Conic low-voltage stable state.

[0039] Conventional drive schemes for cholesteric dis-
plays use a passive matrix addressing scheme, which is
possible as a result of the memory effect of the liquid crystal.
During each field period of the addressing scheme, the
material is caused to pass into the transmissive Homeotropic
state. This gives rise to the black addressing bar artefact
described above.

[0040] The invention provides an active matrix addressing
scheme in which the high voltage supplied to rows of pixels
is selectively switchable on to the liquid crystal material of
each pixel in the row. Thus, it is possible to dictate for each
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pixel whether or not it passes to the Homeotropic state. For
pixels which are in the reflective Planar state and which are
to remain in the reflective Planar state, inhibiting the
Homeotropic state avoids the black addressing bar problem.

[0041] FIG. 2 shows a first active matrix pixel design of
the invention. Each pixel is addressed by a first row con-
ductor 10°Tp.” which is used to address a row of pixels, and
allow the high supply voltage to be supplied to the liquid
crystal material from the voltage line 12“V,.”. This voltage
line 12 carries the voltages for the preparation and evolution
phases. The row conductor 10 is coupled to the gate of a first
transistor 14 which either allows or prevents the voltage
from the line 12 being provided to the remainder of the pixel.
When a row of pixels is addressed by the row conductor 10,
all of these transistors 14 in the row are turned on so that the
supply voltage reaches the remainder of the pixel for each
pixel in that row. A second transistor 16 allows or prevents
the voltage at the output of the transistor 14 being provided
to the cholesteric liquid crystal cell 18, and the gate of this
second transistor 16 is provided by a latching arrangement
20, the implementation of which will be described further
below.

[0042] The row address line 10 and the latching arrange-
ment 20 together allow the supply voltage for the prepara-
tion and evolution phases to be provided to or isolated from
individual pixels within each row. This enables certain
pixels to be isolated from these voltages so that these pixels
are not caused to enter the Homeotropic state. In particular,
if a pixel is to be driven from the reflective state in one field
period to the reflective state in the next field period, the
second transistor 16 is turned off by the latching arrange-
ment 20. Of course, this requires a field store so that the
current state of the pixels can be remembered.

[0043] As described above, for those pixels where the
cholesteric material is driven to the Homeotropic state, the
discharge conditions from the Homeotropic state dictate
whether the pixel returns to the transmissive Focal Conic
state or to the reflective Planar state.

[0044] As in the passive matrix addressing scheme
described above, a selection voltage is applied to the liquid
crystal material for this purpose. The selection voltage V,, is
provided on a column line 22, and is switched to or isolated
from the input of the second transistor 16 by a third
transistor 24. The gate signal for this third transistor is
provided by a third row conductor 26“T,”. A fourth tran-
sistor 28 enables a ground voltage 29 to be switched to the
liquid crystal material 18, and this is controlled by a fourth
row conductor 30“Tgyp”. This provides the zero voltage
stable operation of the material at the end of the state
transitions.

[0045] The preparation and evolution voltages provided
on the voltage line 12 may be DC levels, which results in a
lower power addressing method than the conventional pas-
sive matrix addressing scheme. There is, however, still a
need to ensure that the average voltage across the liquid
crystal cell is zero, and this is achieved by alternately
addressing the pixel using positive and negative supply
voltages (of 35 volts for example) for the preparation phase
and the evolution phase, in successive frames.

[0046] As described above, the latching arrangement 20
enables the black bar effect to be removed, by enabling
control of whether the material is driven into the Homeo-
tropic state. The implementation of the latching circuit 20 is
shown in greater detail in FIG. 3. Where FIG. 3 shows the

Jun. 6, 2002

same components as in FIG. 2, the same reference numbers
are used, and the description is not repeated.

[0047] The latching arrangement 20 receives a latch signal
from a column select line 32. This latch signal “Vgg,” is
effectively a gate voltage for the second transistor 16, and
thereby determines whether that transistor is turned on or
off, which in turn determines whether the voltage at the input
17 of that transistor is transferred to the liquid crystal
material 18. The latching arrangement 20 acts as a sample
and hold circuit which samples the voltage on the column
select line 32. For this purpose, a sampling transistor 34 is
provided which, during a sampling period, charges a holding
capacitor 36 to a voltage corresponding to the voltage on the
column select line 32. This capacitor 36 is connected
between the gate of the second transistor 16 and ground 29.
Therefore, during a sampling period, a voltage is stored by
the capacitor 36 on the gate of the second transistor 16 which
is sufficient either to turn on the transistor 16 or else ensures
the transistor 16 remains turned off. The use of a sample and
hold circuit enables the latching signal on the column select
line 32 to be provided to the row of pixels for a very short
period of time, so that the rows of pixels may be addressed
in rapid succession. The sampling operation is controlled by
a further row conductor 37“Tgg; ”, so that for each pixel in
a row, the latching signal is provided simultaneously and
stored on the respective holding capacitor 36.

[0048] FIG. 4 is a timing diagram illustrating the opera-
tion of the circuit of FIG. 3, for addressing two successive
rows of pixels of the display.

[0049] TInitially, the transistor 28 is turned on by the row
conductor 30“TGND?”, and this sets the voltage across the
liquid crystal cell 18 to zero, which maintains the cell in the
stable operating state, either in the Planar or Focal Conic
states. When the addressing sequence starts, the transistor 28
is turned off by the falling edge 40 shown in FIG. 4. The
holding capacitor 36 is then charged to a voltage dependent
upon the voltage on the column select line 32“Vgg,”. In
order to carry out the sample and hold operation of the latch
20, the row 37“Tg; 7 is provided with a pulse 42. In the
example of FIG. 4, for row N the voltage Vg, is high which
thereby charges the holding capacitor 36 to a voltage which
is sufficient to turn the second transistor 16 on.

[0050] The preparation voltage is then applied to the
second row conductor 12 as a voltage pulse 44 of, for
example, 35 Volts. During this time, the first transistor 14 is
switched on by the first row conductor 10 by means of pulse
46. In this way, the preparation voltage is supplied to the
liquid crystal cell 18 through the second transistor 16. At the
end of this preparation phase the first transistor 14 is
switched off, and instead the selection pulse 48 provided on
the column select line V,, is switched through the transistor
24 to the liquid crystal material 18 by means of pulse 50 on
the row conductor 26“T,”.

[0051] At the end of the selection phase, the pixel enters
the evolution phase and the first transistor 14 is switched on
again by pulse 52 which passes the evolution voltage 54, for
example 25 Volts, through the second transistor 16 to the cell
18.

[0052] At the end of the addressing sequence, the sam-
pling transistor 34 is turned on briefly using pulse 58 with
zero Volts on the column select line 32, as indicated by
arrow 60. This ensures that zero volts is applied to the
holding capacitor 36, to ensure that the second transistor 16
is then turned off. Finally, the leading edge 56 on the row
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conductor 30 ensures that there is no voltage across the cell
18 so that it remains in the low voltage stable state.

[0053] The waveforms for row N+1 shown in FIG. 4
represent the case when the liquid crystal cell 18 is not to be
charged to the Homeotropic state. In this case, the voltage on
the column select line 32“Vgg; ” remains low during the
pulse 42B so that zero volts is stored on the holding
capacitor 36 and the second transistor 16 will therefore not
be turned on.

[0054] The overlap of the row addressing signals means
that the effective row addressing time is equal to the length
of the selection phase, typically 1 ms. For a large number of
rows, the average row address period therefore tends
towards duration of the selection phase.

[0055] The row waveforms do not illustrate the alternating
voltages on the second row conductor 12. A voltage polarity
reversal may be carried out once for every field period of the
display, for example.

[0056] The invention enables the black bar phenomenon to
be removed, but still provides a fast addressing scheme,
where the average row address period tends towards the
duration of a short selection phase. The rapid switching
between positive and negative voltage levels is also avoided,
which provides power savings.

[0057] FIG. 5 shows a liquid crystal display device
according to the invention. The device is provided with two
glass substrates 80, 82 which face each other to hold liquid
crystal material between them (not shown). The lower
substrate 82 is the active plate which defines the pixel layout
described above. Each pixel defines a contact pad 84 for the
liquid crystal material. Each pixel is addressed by a number
of row conductors 86 (only one of which is shown in FIG.
8) and a number of column conductors 88 (only one of
which is again shown in FIG. 8). The upper substrate 80
carries a common earth potential layer 90, so that individual
regions of the liquid crystal material have a potential defined
across them which is dictated by the potential on the contact
pad 84.

[0058] The active plate can be manufactured using known
techniques, for example using the same processes used to
form the active plate of a conventional active matrix liquid
crystal display. Thus, the required transistors and capacitor
are formed using thin film techniques, and the transistors
may be defined as amorphous silicon or polycrystalline
silicon devices.

[0059] Various modifications will be apparent to those
skilled in the art.

1. A display apparatus comprising:
a layer of bistable chiral nematic liquid crystal material

an active matrix substrate defining rows and columns of
pixel address circuits, each pixel address circuit having
an output for applying a signal to a respective portion
of the liquid crystal material,

wherein each pixel address circuit comprises

a first switching device for switching a supply voltage to
the remainder of the pixel address circuit and which is
controlled by a row address line;
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a second switching device for allowing or preventing the
supply voltage to be provided to the respective portion
of the liquid crystal material, and controlled by a
column select line.

2. Apparatus as claimed in claim 1, further comprising a
third switching device for switching a selection voltage to
the pixel address circuit and which is controlled by a second
row address line, the selection voltage being provided on a
column line, the second switching device allowing or pre-
venting the selection voltage to be provided to the respective
portion of the liquid crystal material.

3. Apparatus as claimed in claim 1 or claim 2, further
comprising a fourth switching device for switching a ground
voltage to the liquid crystal material and which is controlled
by a third row address line.

4. Apparatus as claimed in any preceding claim, wherein
a signal on the column select line is provided to a sample and
hold circuit.

5. Apparatus as claimed in claim 4, wherein the second
switching device comprises a transistor and wherein the
signal on the column select line is a gate signal for the
transistor, and wherein the sample and hold circuit com-
prises a sampling transistor and a holding capacitor, a gate
voltage being stored on the capacitor for controllably turning
the transistor on or off.

6. Apparatus as claimed in any preceding claim, wherein
cach switching device comprises a transistor.

7. Apparatus as claimed in any preceding claim, including
a frame store for determining which pixels are to be pro-
vided with the supply voltage based on the pixel outputs in
the previous and current frames.

8. Amethod of addressing a bistable chiral nematic liquid
crystal display apparatus, the apparatus comprising an active
matrix substrate defining rows and columns of pixel address
circuits, each pixel address circuit having an output for
applying a signal to a respective portion of the liquid crystal
material, the method comprising:

selecting a row of pixels thereby providing a supply
voltage to each pixel, the supply voltage being suffi-
cient to cause the liquid crystal material to reach a
homeotropic state;

determining which pixels require the respective portion of
the liquid crystal material to have the supply voltage
applied to them, those pixels which were in a reflecting
planar state in the previous frame and which are to
remain in a reflecting planar state in the current frame
being determined as not requiring the supply voltage;

providing the supply voltage to those pixels determined to
require the supply voltage which places the liquid
crystal material in the Homeotropic state;

providing a selection voltage to those pixels determined to
require the supply voltage, the selection voltage deter-
mining whether the liquid crystal material relaxes to the
Focal Conic or Planar state; and

providing voltages to allow relaxation of the liquid crystal
material from the Homeotropic state.
9. A method as claimed in claim 10 or 11, wherein the
supply voltage is positive for some frames and negative for
other frames.



THMBW(EF)

RRSFHANERREE RERAERI S E
US20020067323A1 NI(AE)R
US09/955856 RiEHR

patsnap

2002-06-06

2001-09-19

FRIFRB(EFRN)AGE) ERTFBEFROBRLE
RF(EFR)AGE) ERTCRHBFNV.

HARBEEANRAGE) ERTCRHEEFNV.

FRI& B A

RHA

IPCHEKS
CPCH %5
LR

H A0 FF 3R
ShERaELE

BEX)

BWRESFHEMIERERREEGR MU B , HISFEE—FFx=HH
(14) , BTSSR REEVREGRBUBRNE RIS , HATitbut
% (10 ) MEZFFxe5424 (16) ATAFRP I EREEREL T
B (18) WAERIER D |, FEIERLE (32) 25, HMHERESE
PRFCRASH , ZEREFRFESEBERIHRSNHET , N ATLUESR
2EIURHE.

BIRD NEIL C
FISH DAVID A

BIRD, NEIL C.
FISH, DAVID A.

GO02F1/139 G02F1/133 G09G3/20 G09G3/36

G09G3/3651 G09G3/3659 G09G2300/0842 G09G2300/0814 G09G2300/0486

2000024488 2000-10-05 GB

US6703995

Espacenet USPTO



https://share-analytics.zhihuiya.com/view/ee644d03-b7d3-4dc2-af40-45cb7f6bcad2
https://worldwide.espacenet.com/patent/search/family/009900777/publication/US2002067323A1?q=US2002067323A1
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=%2220020067323%22.PGNR.&OS=DN/20020067323&RS=DN/20020067323

