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Description

[0001] This invention relates to a transflective liquid
crystal display device, having at least one pixel, com-
prising a reflective sub-pixel including a first liquid crys-
tal cell and a transmissive sub-pixel including a second
liquid crystal cell
[0002] The invention also relates to a method for ad-
dressing such a transflective liquid crystal display de-
vice.
[0003] Due to its low power consumption, reliability
and low price, liquid crystal displays, or LCDs have be-
come the standard display choice for mobile applica-
tions, such as PDAs, laptops and cellular phones. Dif-
ferent LCD types, such as active matrix reflective and
transmissive LCDs are today available on the market.
Reflective LCDs are especially suited for outdoor use in
direct sunlight. The contrast ratio is relatively low, com-
pared with a transmissive display, and under poor illu-
mination conditions, the brightness of this kind of display
is low. On the other hand, transmissive LCDs have a
good contrast ratio, but they become practically unread-
able in direct sunlight illumination conditions. Further-
more, the transmissive display utilizes a backlight, re-
sulting in an increase of the power consumption.
[0004] Consequently, there is a need for a display
having good display properties under all lighting circum-
stances. One solution is to use a so-called transflective
LCD, which may be used in both a transmissive and re-
flective mode at the same time. The intensity of the
backlight can thereby be tuned in order to fit the lighting
conditions, either by hand, or automatically, using a pho-
to diode or the like. This invention relates to a transflec-
tive liquid crystal display and a method for improving the
backlight efficiency of such a display.
[0005] A transflective display as described above is
for example described in the patent document US-6 195
140, in which a liquid crystal display device includes a
reflection region and a transmission region.
[0006] However, in order to achieve a transflective
display having a good contrast, it must be possible to
drive both the reflection region and the transmission re-
gion, each constituting a sub-pixel of the display, at a
state with essentially zero transmission or reflection.
This is referred to as a good dark state.
[0007] The transmission or reflection of the different
states of the display device are dependent upon the
twist angle and the effective optical thickness u of the
display, which is given by (for a non-twisted nematic lay-
er):

where d is the cell gap, ∆n is the birefringence of the
liquid crystal layer and λ is the wavelength of the incident
light. When an electric field (above a threshold value) is
applied over the liquid crystal cell, the liquid crystals

u = d∆n
λ

----------- (1)

start to tilt and the light passing the cell experiences less
birefringence. Therefore, it is possible to define an ef-
fective birefringence (∆n) and an effective optical thick-
ness (ueff) of the cell, in a similar way as defined in (1).
∆neff and ueff are functions of the voltage applied to the
cell.
[0008] As implicitly said above, the reflection as well
as the transmission of the transflective display is de-
pendent upon the optical thickness u and the twist angle
(φ). Further, the effective value of u (ueff) may be altered
(lowered) by applying an electrical field over the display.
Traditionally, both the reflective and transmissive sub-
pixels of a transmissive display have had the same op-
tical thickness. Thereby, a display may be generated,
having a value of u for which both the transmission and
the reflection of the respective sub-pixels have compar-
atively high values (bright state), and having a value of
ueff (when a certain field is applied over the pixel) for
which both the transmission and the reflection of the re-
spective sub-pixels have comparatively low values
(dark state). Because the dark state of the cell has to be
at the same value of ueff for both the reflective and trans-
missive sub-pixel, the polarization state of the light just
after the reflector in the reflective sub-pixel, is the same
as the polarization state of the light entering the liquid
crystal layer in the transmissive sub-pixel. For the dark
state, this polarization state of the light is a circular po-
larized state. To achieve this in the transmissive sub-
pixel, a compensation foil has to be present, which
transforms the linear polarization of the entry polarizer
to circular polarized light. To obtain maximum reflection
in the bright state of the reflective sub-pixel, the light just
after the reflector has to be linearly polarized, and the
optical thickness of the cell and the twist angle are ad-
justed to achieve this. For the bright state of the trans-
missive sub-pixel, however, the light entering the liquid
crystal layer is still circularly polarized by the compen-
sation foil. It can be shown that a liquid crystal layer,
which transforms a linear polarization state into a linear
polarization state, will transform a circular polarization
state into a circular polarization state. Thus, at the exit
polariser, half of the light will be absorbed and the trans-
mission of the bright state will only be 50%.
[0009] One solution to the above problem, namely the
low transmission in bright transmissive sub-pixels, has
been proposed by the above document US-6 195 140,
namely to provide a display device having different cell
gaps for the reflective and transmissive sub-pixels, re-
spectively, thereby optimizing the value of u. However,
this solution is disadvantageous in that the active plate
has to be provided with lower and higher regions on its
surface in order to provide said different cell gaps, and
thus the fabrication of this active plate is rather expen-
sive. Other means for solving the above technical prob-
lem is therefore desired.
[0010] Consequently, an object of the invention is to
accomplish a transflective liquid crystal display device,
overcoming the above-mentioned drawbacks.
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[0011] A further object of the invention is to provide a
transflective liquid crystal display device, having an in-
creased backlight efficiency.
[0012] Yet another object of this invention is to provide
a transflective liquid crystal display device, having an
increased viewing angle.
[0013] These and other objects are achieved by a dis-
play device, as described by way of introduction, being
characterized in that said sub-pixels are arranged to be
driven at mutually different driving voltages. Thereby, an
extra degree of freedom is introduced, which may be
used to optimize the transmission of the transmissive
and reflective sub-pixels. By using the invention, it is
possible to allow the dark state of the reflective and
transmissive sub-pixels to have different values of ueff.
Consequently, the dark states of the different sub-pixels
may be at different voltages. Suitably, one of said sub-
pixels is provided with a sub-pixel voltage altering de-
vice. By including said voltage altering device in one of
the sub-pixels, it is possible to drive the liquid crystal
cells of the reflective and transmissive sub-pixels at mu-
tually different voltages. By including a voltage altering
device in the sub-pixel, it is also possible to use simpler
driving integrated circuits and to reduce the number of
data lines of the display.
[0014] Preferably, said sub-pixel voltage altering de-
vice is connected in series with a liquid crystal cell of
said one sub-pixel. Thereby, the above-described volt-
age altering may be achieved by voltage division, being
a rather straight-forward method. According to a pre-
ferred embodiment of this invention, said sub-pixel volt-
age altering device is constituted by a first capacitor.
Thereby, a simple, stable and cost-efficient device for
voltage altering is achieved.
[0015] Furthermore, a second altering circuit is suita-
bly connected in parallel with the liquid crystal cell of
said one sub-pixel, being connected in series with said
sub-pixel voltage altering device. Thereby, a single volt-
age in the driving electronics corresponds to a single
gray-level of both sub-pixels, resulting in the use of com-
paratively simple drive electronics for the display. Pref-
erably, said second altering circuit is constituted by a
second capacitor. Thereby, a simple, stable and cost-
efficient device is achieved.
[0016] According to an alternative embodiment of this
invention, said reflective and transmissive sub-pixel
comprises a first and a second liquid crystal layer seg-
ment, respectively, having mutually different twist an-
gles. Thereby, an extra degree of freedom for the choice
of compensation foil(s) and polariser orientation on the
backlit side of the transmission sub-pixel is achieved,
which may be used to increase the overall efficiency of
the backlight.
[0017] Moreover, said sub-pixel voltage altering de-
vice is preferably arranged to alter a voltage applied to
said one sub-pixel by a data line of said display. There-
by, a common voltage may be applied to all data lines,
resulting in the use of comparatively simple drive elec-

tronics for the display.
[0018] The objects of the present invention is also
achieved by a method, as described by way of introduc-
tion, comprising the steps of

- applying a first driving voltage (V1) over said first
liquid crystal cell and

- applying a second driving voltage (V2) over said
second liquid crystal cell, said first driving voltage
being different from said second driving voltage.

[0019] Thereby, an extra degree of freedom is intro-
duced, which may be used to optimize the transmission
of the transmissive and reflective sub-pixels. By using
the invention, it is possible to allow the dark state of the
reflective and transmissive sub-pixels to have different
values of ueff. Consequently, the dark states if the differ-
ent sub-pixels may be at different voltages.
[0020] Preferably, when the liquid crystal display com-
prises in said first sub-pixel a sub-pixel altering device
the method further comprises the steps of:

applying a common voltage VTOT, equal to the de-
sired second driving voltage (V2), over said first and
second sub-pixels, respectively, the voltage over
said first liquid crystal cell (15a) due to the sub-pixel
voltage altering device being substantially equal to
said first driving voltage (V1), when the second driv-
ing voltage is applied to the second sub-pixel.

[0021] Thereby, a single driving circuit, providing a
single data voltage may be used. Moreover, the method
suitably comprises the step of determining said driving
voltages individually in order to optimize the reflection
in case of a reflective sub-pixel or the transmission in
case of a transmissive sub-pixel of said display device.
[0022] According to a preferred embodiment of this in-
vention, the step of arranging in said first sub-pixel, a
sub-pixel voltage altering device, comprises the step of
arranging said sub-pixel voltage altering device in series
with said liquid crystal cell of said one sub-pixel. There-
by, the inventive voltage difference between the liquid
crystal cells is readily achieved by means of voltage di-
vision. Preferably, said sub-pixel voltage altering device
is constituted by a first capacitor, being a cost-efficient
and straight-forward way of achieving the inventive re-
sult.
[0023] According to an alternative embodiment, the
method further comprises the step of connecting a sec-
ond altering circuit in parallel with the liquid crystal cell
of said one sub-pixel, being connected in series with
said sub-pixel voltage altering device, resulting in a fur-
ther degree of freedom when determining the exact re-
lation between the first driving voltage and the second
driving voltage. Suitably, said second altering circuit is
constituted by a second capacitor.
[0024] According to yet a preferred embodiment of the
invention, the method further comprises the steps of:
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- determining a desired first twist angle of a liquid
crystal layer of said first sub-pixel,

- determining a desired second twist angle of a liquid
crystal layer of said second sub-pixel, said first and
second twist angles being mutually different,

- applying said first and second twist angles to a re-
spective liquid crystal layer of said first and second
sub-pixels. Thereby, an extra degree of freedom for
the choice of compensation foil(s) and polariser ori-
entation on the backlit side of the transmission sub-
pixel is achieved, which may be used to increase
the overall efficiency of the backlight.

[0025] This invention will hereinafter be described in
closer detail, with reference to the accompanying draw-
ings.

Fig 1 is a schematic drawing showing a cross-sec-
tion of a transflective display pixel.
Fig 2 is a circuit diagram showing a first embodi-
ment of this invention.
Fig 3 is a second circuit diagram showing a second
embodiment of this invention.
Fig 4 is a diagram showing the reflection and trans-
mission vs. the driving voltage for a non-twisted
transflective cell.
Fig 5 is a diagram showing the reflection and trans-
mission vs. the driving voltage for a 57° twisted
transflective display.
Fig 6 is a diagram showing the reflection and trans-
mission vs. the driving voltage for a 63°/90° twisted
transflective cell.
Fig 7a is a diagram showing the contrast ratio for
the reflective sub-pixel of the 63° twisted nematic
display.
Fig 7b is a diagram showing the contrast ratio for
the transmissive sub-pixel of the 63° twisted nemat-
ic display.
Fig 7c is a diagram showing the contrast ratio for
the transmissive sub-pixel of the 63°/90° twisted
nematic display.

[0026] In fig 1, a transflective liquid crystal display ar-
rangement 11 is shown. A transflective display is a dis-
play that might be driven in a reflective mode and/or a
transmissive mode. The display according to fig 1 com-
prises a liquid crystal layer 12, in the present embodi-
ment being a twisted nematic liquid crystal layer. This
layer 12, is sandwiched between a transparent front
electrode 13 and a back electrode 14. Furthermore, ori-
entation layers (not shown) are arranged on said elec-
trodes 13, 14 in order to induce an equilibrium orienta-
tion as well as twist and pre-tilt angles of the liquid crys-
tal material layer 12. The display 11 is subdivided into a
plurality of pixels, and the pixels are arranged in a plu-
rality of data lines and addressing lines in accordance
with prior art. Fig 1 schematically shows one such pixel.
[0027] As shown in fig 1, each pixel is subdivided into

a first and a second sub-pixel 11a, 11b, respectively not
necessarily having the same area, whereby said first
sub-pixel 11a is referred to as a transmissive sub-pixel
and said second sub-pixel is referred to as a reflective
sub-pixel. Each transmissive sub-pixel 11a contains a
first back electrode part 14a, being transparent, e.g.
manufactured from ITO, and each reflective sub-pixel
comprises a second back electrode part 14b, being
combined with a reflector, such as an aluminum layer or
the like. Said first electrode part 14a consequently de-
fines a transmitting pixel part, and said second electrode
part 14b defines a reflective pixel part. Together, said
liquid crystal layer 12 and said electrodes 13, 14 consti-
tute a first and a second liquid crystal cell 15a, 15b. It
shall be noted especially that both sub-pixels of the cell
have approximately the same cell gap.
[0028] Furthermore, the liquid crystal cells are sand-
wiched between a front optical foil 16a and a back opti-
cal foil 16. Moreover, on the viewer side of the device a
front polarizer 17a is arranged, and on the backside, a
back polarizer 17b and a backlight panel 18 is arranged,
as indicated in fig 1.
[0029] A first embodiment of the invention is disclosed
in fig 2. Fig 2 shows an electrical equivalent for a single
pixel (data line m and addressing line n of the display
device), having a transmissive and a reflective sub-pixel
as described above. The transmissive sub-pixel is here
schematically represented by a capacitance CT and the
reflective sub-pixel is schematically represented by a
capacitance CR. In fig 2, no consideration is taken to
parasitic capacitances. The values of CT for the trans-
missive sub-pixel and CR for the reflective sub-pixel are
depending upon for example the average orientation of
the liquid crystal molecules in the liquid crystal cell of
the respective sub-pixel, and are therefore dependant
on an applied voltage over each liquid crystal cell. The
circuit shown in fig 2 also comprises a storage capacitor
Cstore, being connected between addressing line n and
the previous or next addressing line of the display on
per se known manner, but its function is not essential
for this invention and will therefore not be closer de-
scribed herein.
[0030] However, in accordance with the invention a
voltage altering device, here a first capacitance C1, is
arranged in series with one of the transmissive sub-pixel
and the reflective sub-pixel CR,CT respectively. In the
embodiment shown in fig 2, the first capacitor C1 is con-
nected in series with the reflective sub-pixel CR, and
thereby, a voltage VR over the reflective sub-pixel CR is
lowered, due to voltage division over C1 and CR.
[0031] Given that VT is the voltage over the transmis-
sive sub-pixel CT in fig 2, then the voltage VR over the
the reflective sub-pixel CR is given by:

VR =
C1

C1 + CR
---------------------- VT = αVT
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[0032] Since CR in the above relationship is depend-
ing upon the driving state of the liquid crystal (since CR
is a schematic representation of the reflective sub-pixel,
as stated above), so is α. For example, for a liquid crys-
tal material having a positive value of ∆ε (dielectric ani-
sotropy), the value of α is closer to 1 for a planar, non-
switched state, and decreases as the molecular tilt of
the liquid crystal material increases (due to switching).
[0033] Correspondingly, if the first capacitance C1 is
connected in series with the transmissive sub-pixel CT,
the voltage over the transmissive sub-pixel may be low-
ered in a corresponding way as described above.
[0034] Further, a second embodiment of the invention
is disclosed in fig 3. Fig 3 discloses an electrical equiv-
alent for a single pixel (data line m and addressing line
n of the display device), having a transmissive and a
reflective sub-pixel as described above. The transmis-
sive sub-pixel is here also schematically represented by
a capacitance CT and the reflective sub-pixel is sche-
matically represented by a capacitance CR. In fig 3, no
consideration is taken to parasitic capacitances. The
values of CT for the transmissive sub-pixel and CR for
the reflective sub-pixel are depending upon the orienta-
tion of the liquid crystal molecules in the liquid crystal
cell of the respective sub-pixel, and are therefore de-
pendant on an applied voltage over each liquid crystal
cell. The circuit shown in fig 3 also comprises a storage
capacitor Cstore, as described above, in connection with
fig 2.
[0035] However, in accordance with the invention, as
is also described with reference to fig 2, a sub-pixel volt-
age altering device, a first capacitance C1, is arranged
in series with one of the transmissive sub-pixel and the
reflective sub-pixel CR,CT respectively. Furthermore, a
second altering device, here a capacitance C2, is con-
nected in parallel with the same one of said transmissive
sub-pixel or the reflective sub-pixel CR,CT respectively.
In the embodiment shown in fig 3, the first capacitor C1
is connected in series with the transmissive sub-pixel
CT, and the second capacitor C2 is connected in parallel
with the transmissive sub-pixel CT. In this case, given
that VR is the voltage over the reflective sub-pixel CR in
fig 3, then the voltage VT over the transmissive sub-pixel
CT is given by:

[0036] Thereby, by choosing the values of the capac-
itors C1 and C2 in a suitable manner, both the value and
the voltage dependence of β may be changed. A parallel
capacitor, such as C2 may be manufactured by the use
of lithographic spacers. By choosing the spacer materi-
al, as well as the spacer area, a suitable flat plate ca-
pacitor is formed by the electrodes, being separated by
the spacer. This method does require exact positioning
of the spacers, which may be achieved by lithography.

VT =
C1

C1 + C2 + CT
------------------------------------ · VR = β · VR

[0037] Examples of the above embodiments of the in-
vention will hereinafter be described.
[0038] Fig 4 shows the simulated reflection and trans-
mission curves for a non-twisted transflective display.
The polarisers 17a,17b, as shown in fig 1, were at a 45
degree angle with respect to the LC director of the liquid
crystal layer 12 and the cell gap was tuned to match an
optical effective thickness of d∆n/λ=0.5, being a reflec-
tion maximum. In this case, the liquid crystal material
has [i=2 and ∆ε=8.3. Two transmission curves are plot-
ted in fig 4. The first curve T1 shows a prior-art solution
where ueff is the same for both the transmissive and the
reflective sub-pixel. Since circular polarization is need-
ed in the dark state, the transmission in the bright state
is limited to 50% or less. In the second case T2, the
transmissive sub-pixel is switched between 1.5 and 4.5
V, while the value of the first capacitor C1 is adjusted so
that the reflective sub-pixel is switched between 1.26 V
and 2.57 V. The efficiency of the backlight is thereby in-
creased from 45% to 72%.
[0039] Fig 5 shows the simulated reflection and trans-
mission curves for a 57° twisted transflective display.
The viewing side polariser 17a, as shown in fig 1, were
at a 30 degree angle with respect to the LC director at
the viewing side and the cell gap was tuned to match an
optical thickness of d∆n/λ=0.88. In this case, the liquid
crystal material has εi=3.6 and ∆ε=6.7. Here, three al-
ternatives for the transmissive sub-pixel are plotted in
fig 5. If both sub-pixels are switched between 1.3 V and
2 V, the backlight efficiency is only 37%. In the variant
where the transmissive sub-pixel is switched between
1.5 V and 2.8 V and the reflective sub-pixel between 1.3
V and 2V, the efficiency of the backlight is increased to
90%. In the third variant where the transmissive sub-
pixel is switched between 1.6 V and 2.7 V, the efficiency
of the backlight is increased to 82%. In both cases, the
backlight efficiency is more than doubled.
[0040] It should be noted that in all of the above-given
examples, the voltage dependence of α and β, as de-
scribed above, is an advantage, because lower values
of α and β are needed for the black state.
[0041] It shall also be noted that the above-described
are not the only reflective modes that may be used in a
transflective liquid crystal display in accordance with the
invention, but in principle, all reflective liquid crystal
modes may be used.
[0042] According to a third preferred embodiment of
this invention, a transmissive display has a transmissive
and a reflective sub-pixel, as is shown in fig 1 and is
indicated above. The transmissive sub-pixel may, in the
same way as above, be schematically represented by a
capacitance CT and the reflective sub-pixel may be
schematically represented by a capacitance CR. In ac-
cordance with the invention a sub-pixel voltage altering
device, such as a first capacitance C1, is arranged in
series with one of the transmissive sub-pixel and the re-
flective sub-pixel CR,CT respectively. By connecting one
of the sub-pixels in series with a capacitor, both sub-
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pixels may be driven at different voltages. Furthermore,
the liquid crystal material of the reflective and transmis-
sive sub-pixels, respectively, are arranged to have dif-
ferent twist angles. This may be achieved by photo-
alignment of said orientation layers as is known in the
prior art, as the use of photo-alignment makes it possible
to define the orientation of the liquid crystal molecules
locally. The advantage of this is that two degrees of free-
dom (dark state voltage and twist angle) are available
when choosing compensation foil(s) and to increase the
efficiency of the backlight. By carefully choosing the
twist angle of the transmissive sub-pixel, both the gray-
scale linearity and/or the viewing angle may be im-
proved, while the driving voltages may be lowered as
will be described below. This results in a significant pow-
er reduction as well as an improvement of the viewing
angle.
[0043] An example of the reflection and transmission
of a display according to the above-described third em-
bodiment of this invention is shown in fig 6. Fig 6 shows
the reflection vs. voltage and transmission vs. voltage
curves for a transflective display in accordance with the
invention, having a twist angle of 63 °for the reflective
sub-pixels. The liquid crystal material and the cell gap
are tuned so that d∆n/λ=0.75 and the liquid crystal ma-
terial has [i=3.6 and ∆ε=6.7. By increasing the voltage
on the transmissive sub-pixel (and applying a suitable
correction foil on the backlit side of the display), an in-
crease of the backlight efficiency from 40% to 80% is
achieved, as seen in fig 6. Fig 2 also shows the corre-
sponding curve for a 90° twisted cell. There are two ad-
vantages of increasing the twist angle. First, the dark
state is reached at a lower voltage, which saves power,
both in the display panel and in the driver integrated cir-
cuits. Second, the efficiency of the backlight is even
higher. Thereby, by driving the transmissive sub-pixel
between 3.8 V and 1.6 V and the reflective sub-pixel be-
tween 2.5 V and 1.3 V, a backlight efficiency of 90% is
achieved. The differences in grayscale linearity be-
tween both sub-pixels are minimal. In order to achieve
the same amount of grayscale similarity for the 63° twist-
ed case, one would have to drive the bright state at 1.9
V, which decreases the backlight efficiency to 75%.
[0044] Fig 7a shows the contrast ratio of the reflective
sub-pixel. The contrast ratio was calculated as the ratio
of the reflectivity of the bright and dark states, respec-
tively, where the dark state was at 2.5 V in this case. Fig
7b shows the contrast ratio of the transmissive sub-pix-
el, while fig 7c shows the same for the 90° twisted trans-
missive sub-pixel. In all three figures, the contrast ratio
around the normal viewing direction is much higher than
25. As may be seen from fig 7b and 7c, this central part
with contrast ratio higher than 25, is larger for the 90°
twisted solution than for the 63° twisted solution.
[0045] This viewing angle improvement is achieved
without the use of an extra compensation foil. By using
compensation foils, which do not alter the polarization
state of perpendicular incident light, the viewing angle

properties of the display may of cause be improved even
further.
[0046] In summary, a transflective display has been
proposed, which has separate reflective and transmis-
sive sub-pixels. Such a display may be operated in both
modes at the same time, thereby greatly increasing the
range of applications. Both sub-pixels may be driven at
different voltages. This gives an extra degree of freedom
for the choice of compensation foil(s) and polariser ori-
entation on the backlit side of the transmission sub-pix-
el, which may be used to increase the overall efficiency
of the backlight. This may be achieved by including a
voltage altering device in one of the sub-pixels. One ex-
ample that is given is the inclusion of a capacitor, being
connected in series with the liquid crystal cell of the sub-
pixel, thereby utilizing voltage division.
[0047] In this way, the efficiency of the backlight may
be more than doubled, which will remarkably increase
the battery life of for example a mobile device containing
such an inventive display. This solution is also easier to
fabricate, in relation to the alternative solution with dif-
ferent cell gaps for different sub-pixels. Furthermore, the
transmissive cell gap need not be twice as big as the
reflective cell gap (as is the case in prior art devices),
which simplifies the manufacturing of the inventive de-
vice. Further, the inventive solution provides for a higher
transmission than prior art single gap devices and more-
over the use of photoalignment is not necessary.
[0048] Alternatively, a transflective display is pro-
posed, which has separate reflective and transmissive
sub-pixels with different twist angles. The different twist
angles may be achieved by photo-alignment. Both sub-
pixels may be driven at different voltages. This gives an
extra degree of freedom for the choice of compensation
foil(s) and polariser orientation on the backlit side of the
transmission sub-pixel, which may be used to increase
the overall efficiency of the backlight. This may be
achieved by including a voltage altering device in one
of the sub-pixels. One example that is given is the inclu-
sion of a capacitor, being connected in series with the
liquid crystal cell of the sub-pixel, thereby utilizing volt-
age division. In this way the backlight efficiency may be
more than doubled, as is shown above. By carefully
choosing the twist angle of the transmissive sub-pixel,
both the grayscale linearity and viewing angle of the dis-
play may be improved, while at the same time the driving
voltages are lowered. This results in a significant power
reduction and viewing angle improvement.
[0049] It shall be noted that the above-described volt-
age difference for different sub-pixels may be achieved
by letting different driving voltages be generated directly
by a driving integrated circuit (i.e. integrating a voltage
altering device in the driving IC) or by including the volt-
age altering device in the sub-pixel, as is described
above. The latter method is advantageous in that sim-
pler driving integrated circuits may be used and the
number of data lines in the display may also be reduced.
[0050] It shall also be noted that the above-described
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sub-pixel voltage altering device may be realized as a
more complicated circuit than the above single capaci-
tor. For example, in the case of a LTPS (Low tempera-
ture Poly-Si) display, a voltage altering device compris-
ing several transistors, resistors and capacitors is pre-
ferred.

Claims

1. A transflective liquid crystal display device (11),
having at least one pixel, comprising a reflective
sub-pixel (11b) including a first liquid crystal cell and
a transmissive sub-pixel (11a) including a second
liquid crystal cell, characterized in that said first
and second liquid crystal cells are arranged to be
driven at mutually different driving voltages.

2. A display device as in claim 1, wherein one of said
sub-pixels (11a, 11b) is provided with a sub-pixel
voltage altering device (C1).

3. A display device as in claim 2, wherein said sub-
pixel voltage altering device (C1) is connected in se-
ries with a liquid crystal cell of said one sub-pixel.

4. A display device as in claim 2 or 3, wherein said
sub-pixel voltage altering device is constituted by a
first capacitor (C1).

5. A display device as in any one the claims 2-4,
wherein a second altering circuit is connected in
parallel with the liquid crystal cell of said one sub-
pixel, being connected in series with said sub-pixel
voltage altering device.

6. A display device as in claim 5, wherein said second
altering circuit is constituted by a second capacitor
C2.

7. A display device as in any one of the preceding
claims, wherein the liquid crystal material of said
first and a second liquid crystal cells, have mutually
different twist angles.

8. A display device as in any one of the claims 2-7,
wherein said sub-pixel voltage altering device is ar-
ranged to alter a voltage applied to said one sub-
pixel by a data line of said display.

9. A method for addressing a transflective liquid crys-
tal display device, having at least one pixel (11),
comprising a first sub-pixel (11a) including a first liq-
uid crystal cell (15a) and a second sub-pixel (11b)
including a second liquid crystal cell (15b) compris-
ing the following steps:

- applying a first driving voltage (V1) over said

first liquid crystal cell and
- applying a second driving voltage (V2) over

said second liquid crystal cell, said first driving
voltage being different from said second driving
voltage.

10. A method according to claim 9, in which the liquid
crystal display comprises in said first sub-pixel, a
sub-pixel voltage altering device, the method fur-
ther comprising the steps of:

applying a common voltage VTOT, equal to the
desired second driving voltage (V2), over said
first and second sub-pixels, respectively, the
voltage over said first liquid crystal cell (15a)
due to the sub-pixel voltage altering device be-
ing substantially equal to said first driving volt-
age (V1), when the second driving voltage is
applied to the second sub-pixel.

11. The method according to claim 10, said driving volt-
ages (V1, V2) having been individually determined
in order to optimize the reflection in case of a reflec-
tive sub-pixel or the transmission in case of a trans-
missive sub-pixel of said display device.

12. The method according to claim 10 or 11, in which
said sub-pixel voltage altering device (C1) is ar-
ranged in series with said liquid crystal cell (15a) of
said one sub-pixel.

13. The method according to claim 10, 11 or 12, wherein
said sub-pixel voltage altering device is constituted
by a first capacitor (C1).

14. The method according to any one of the claims
10-13, the device further comprising a second alter-
ing circuit (C2) in parallel with the liquid crystal cell
(15a) of said one sub-pixel, being connected in se-
ries with said sub-pixel voltage altering device.

15. The method according to claim 14, wherein said
second altering circuit is constituted by a second ca-
pacitor (C2).

16. The method in accordance with any one of the
claims 9-15, the device further comprising a first
twist angle of a liquid crystal layer of said first sub-
pixel, and a second twist angle of a liquid crystal
layer of said second sub-pixel, said first and second
twist angles being mutually different.

Patentansprüche

1. Transflektive Flüssigkristallanzeigevorrichtung (11)
mit mindestens einem Pixel, welches ein reflektives
Subpixel (11b) mit einer ersten Flüssigkristallzelle
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und ein transmissives Subpixel (11a) mit einer zwei-
ten Flüssigkristallzelle aufweist, dadurch gekenn-
zeichnet, dass die erste und zweite Flüssigkristall-
zelle so angeordnet sind, dass diese bei gegensei-
tig unterschiedlichen Steuerspannungen angesteu-
ert werden.

2. Vorrichtung nach Anspruch 1, wobei eines der Sub-
pixel (11a, 11b) mit einem Subpixelspannungsän-
derungselement (C1) versehen ist.

3. Vorrichtung nach Anspruch 2, wobei das Subpixel-
spannungsänderungselement (C1) in Reihe mit ei-
ner Flüssigkristallzelle des einen Subpixels ge-
schaltet ist.

4. Vorrichtung nach Anspruch 2 oder 3, wobei das
Subpixelspannungsänderungselement durch einen
ersten Kondensator (C1) gebildet wird.

5. Vorrichtung nach einem der Ansprüche 2 bis 4, wo-
bei ein zweiter Änderungsschaltkreis parallel zu der
Flüssigkristallzelle des einen Subpixels geschaltet
ist, welcher in Reihe mit dem Subpixelspannungs-
änderungselement geschaltet ist.

6. Vorrichtung nach Anspruch 5, wobei der zweite Än-
derungsschaltkreis durch einen zweiten Kondensa-
tor (C2) gebildet wird.

7. Vorrichtung nach einem der vorangegangenen An-
sprüche, wobei das Flüssigkristallmaterial der er-
sten und einer zweiten Flüssigkristallzelle gegen-
seitig unterschiedliche Verdrehungswinkel auf-
weist.

8. Vorrichtung nach einem der Ansprüche 2 bis 7, wo-
bei das Subpixelspannungsänderungselement so
angeordnet ist, dass es eine, an das eine Subpixel
durch eine Datenleitung der Anzeige angelegte
Spannung ändert.

9. Verfahren zur Adressierung einer transflektiven
Flüssigkristallanzeigevorrichtung mit mindestens
einem Pixel (11), welches ein erstes Subpixel (11a)
mit einer ersten Flüssigkristallzelle (15a) und ein
zweites Subpixel (11b) mit einer zweiten Flüssigkri-
stallzelle (15b) aufweist, wonach

- eine erste Steuerspannung (V1) an die erste
Flüssigkristallzelle angelegt wird und

- eine zweite Steuerspannung (V2) an die zweite
Flüssigkristallzelle angelegt wird, wobei die er-
ste Steuerspannung von der zweiten Steuer-
spannung abweicht.

10. Verfahren nach Anspruch 9, wobei die Flüssigkri-
stallanzeigevorrichtung in dem ersten Subpixel ein

Subpixelspannungsänderungselement aufweist,
wobei das Verfahren weiterhin die folgenden Schrit-
te vorsieht:

Anlegen einer, der gewünschten zweiten Steu-
erspannung (V2) gleichenden, gemeinsamen
Spannung VTOT an jeweils das erste und zwei-
te Subpixel, wobei die Spannung an der ersten
Flüssigkristallzelle (15a) auf Grund des Subpi-
xelspannungsänderungselements im Wesent-
lichen der ersten Steuerspannung (V1) ent-
spricht, wenn die zweite Steuerspannung an
das zweite Subpixel angelegt wird.

11. Verfahren nach Anspruch 10, wobei die Steuer-
spannungen (V1, V2) einzeln ermittelt werden, um
die Reflexion bei einem reflektiven Subpixel oder
die Transmission bei einem transmissiven Subpixel
der Anzeigevorrichtung zu optimieren.

12. Verfahren nach Anspruch 10 oder 11, wobei das
Subpixelspannungsänderungselement (C1) in Rei-
he mit der Flüssigkristallzelle (15a) des einen Sub-
pixels geschaltet ist.

13. Verfahren nach Anspruch 10, 11 oder 12, wobei das
Subpixelspannungsänderungselement durch einen
ersten Kondensator (C1) gebildet wird.

14. Verfahren nach einem der Ansprüche 10 bis 13, wo-
bei die Vorrichtung weiterhin einen zweiten Ände-
rungsschaltkreis (C2) parallel zu der Flüssigkristall-
zelle (15a) des einen Subpixels aufweist, welcher
in Reihe mit dem Subpixelspannungsänderungs-
element geschaltet ist.

15. Verfahren nach Anspruch 14, wobei der zweite Än-
derungsschaltkreis durch einen zweiten Kondensa-
tor (C2) gebildet wird.

16. Verfahren nach einem der Ansprüche 9 bis 15, wo-
bei die Vorrichtung weiterhin einen ersten Verdre-
hungswinkel einer Flüssigkristallschicht des ersten
Subpixels und einen zweiten Verdrehungswinkel ei-
ner Flüssigkristallschicht des zweiten Subpixels
aufweist, wobei der erste und zweite Verdrehungs-
winkel gegenseitig unterschiedlich sind.

Revendications

1. Dispositif d'affichage à cristaux liquides transflectif
(11), comportant au moins un pixel, comprenant un
sous-pixel réflectif (11b) comprenant une première
cellule à cristaux liquides et un sous-pixel transmis-
sif (11a) comprenant une seconde cellule à cristaux
liquides, caractérisé en ce que lesdites première
et seconde cellules à cristaux liquides sont agen-
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cées de manière à être pilotées à des tensions de
pilotage mutuellement différentes.

2. Dispositif d'affichage suivant la revendication 1,
dans lequel un desdits sous-pixels (11a, 11b) est
pourvu d'un dispositif modificateur de tension de
sous-pixel (C1).

3. Dispositif d'affichage suivant la revendication 2,
dans lequel ledit dispositif modificateur de tension
de sous-pixel (C1) est connecté en série avec une
cellule à cristaux liquides dudit sous-pixel.

4. Dispositif d'affichage suivant la revendication 2 ou
3, dans lequel ledit dispositif modificateur de ten-
sion de sous-pixel est constitué par un premier con-
densateur (C1).

5. Dispositif d'affichage suivant l'une quelconque des
revendications 2-4, dans lequel un second circuit
modificateur est connecté en parallèle avec la cel-
lule à cristaux liquides dudit sous-pixel, étant con-
necté en série avec ledit dispositif modificateur de
tension de sous-pixel.

6. Dispositif d'affichage suivant la revendication 5,
dans lequel ledit second circuit modificateur est
constitué par un second condensateur C2.

7. Dispositif d'affichage suivant l'une quelconque des
revendications précédentes, dans lequel les cris-
taux liquides de ladite première et de ladite seconde
cellules à cristaux liquides, ont des angles de tor-
sion en hélice mutuellement différents.

8. Dispositif d'affichage suivant l'une quelconque des
revendications 2 à 7, dans lequel ledit dispositif mo-
dificateur de tension de sous-pixel est agencé de
manière à modifier une tension appliquée audit
sous-pixel d'une ligne de données dudit affichage.

9. Procédé pour adresser un dispositif d'affichage à
cristaux liquides transflectif, comportant au moins
un pixel (11), comprenant un premier sous-pixel
(11a) comprenant une première cellule à cristaux
liquides (15a) et un second sous-pixel (11b) com-
prenant une seconde cellule à cristaux liquides
(15b), comprenant les étapes suivantes :

- appliquer une première tension de pilotage
(V1) sur ladite première cellule à cristaux liqui-
des, et

- appliquer une seconde tension de pilotage (V2)
sur ladite seconde cellule à cristaux liquides,
ladite première tension de pilotage étant diffé-
rente de ladite seconde tension de pilotage.

10. Procédé suivant la revendication 9, dans lequel l'af-

fichage à cristaux liquides comprend, dans ledit
premier sous-pixel, un dispositif modificateur de
tension de sous-pixel, le procédé comprenant en
outre les étapes suivantes :

appliquer une tension commune VTOT, égale
à la seconde tension de pilotage souhaitée
(V2), sur lesdits premier et second sous-pixels,
respectivement, la tension sur ladite première
cellule à cristaux liquides (15a), suite au dispo-
sitif modificateur de tension de sous-pixel,
étant sensiblement égale à ladite première ten-
sion de pilotage (V1), lorsque la seconde ten-
sion de pilotage est appliquée au second sous-
pixel.

11. Procédé suivant la revendication 10, lesdites ten-
sions de pilotage (V1, V2) ayant été individuelle-
ment déterminées afin d'optimiser la réflexion dans
le cas d'un sous-pixel réflectif ou la transmission
dans le cas d'un sous-pixel transmissif dudit dispo-
sitif d'affichage.

12. Procédé suivant la revendication 10 ou 11, dans le-
quel ledit dispositif modificateur de tension de sous-
pixel (C1) est monté en série avec la cellule à cris-
taux liquides (15a) dudit sous-pixel.

13. Procédé suivant la revendication 10, 11 ou 12, dans
lequel ledit dispositif modificateur de tension de
sous-pixel est constitué d'un premier condensateur
(C1).

14. Procédé suivant l'une quelconque des revendica-
tions 10-13, le dispositif comportant en outre un se-
cond circuit modificateur (C2) en parallèle avec la
cellule à cristaux liquides (15a) dudit sous-pixel,
connecté en série avec ledit dispositif modificateur
de tension de sous-pixel

15. Procédé suivant la revendication 14, dans lequel le-
dit second circuit modificateur est constitué d'un se-
cond condensateur (C2).

16. Procédé suivant l'une quelconque des revendica-
tions 9 - 15, le dispositif comprenant en outre un
premier angle de torsion en hélice d'une couche de
cristaux liquides dudit premier sous-pixel, et un se-
cond angle de torsion en hélice d'une couche de
cristaux liquides dudit second sous-pixel, lesdits
premier et second angles de torsion en hélice étant
mutuellement différents.
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