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Description

[0001] The present invention is related to liquid crystal display devices, and, in particular to active matrix liquid crystal
display devices.
[0002] A liquid crystal display device changes the direction of orientation of liquid crystals by applying an electric field
to a layer of liquid crystals held in between two substrates, and carries out display using the changes in the optical
characteristics of the liquid crystal layer resulting from such changes in the direction of orientation of the crystals. In a
conventional active matrix type liquid crystal display, as is typified by the twisted nematic (TN) display mode in which
the display is made utilizing the optical rotation characteristics of liquid crystals, the orientation of the electric field applied
to the liquid crystal was set to be almost perpendicular to the substrate boundary surface. On the other hand, the method
of carrying out display using the birefringence characteristics of liquid crystals (the in-plane switching mode) by making
the orientation of the electric field applied using comb-tooth shaped electrodes to the liquid crystal almost parallel to the
substrate, has been proposed, for example, in Japanese Patent Publication No. Sho 63-21907, and Japanese Unex-
amined Patent Publication No. Hei 5-505247. This in-plane switching mode has the advantage of wider viewing angles
compared to the conventional TN mode and is a very promising technology for active matrix type liquid crystal display
devices.
[0003] As liquid crystal materials for active matrix type liquid crystal display devices of the in-plane switching mode,
it has been proposed to use liquid crystal mixtures having relatively low specific resistances (Japanese Unexamined
Patent Publication No. Hei 7-306417), liquid crystal mixtures containing 4-(cyclohexylcarbonyloxy)-benzonitrile in order
to achieve both low driving voltage and high response speed (Japanese Unexamined Patent Publication No. Hei
9-125063), liquid crystal mixtures containing chemical compounds having fluorine as a polar group (Japanese Unex-
amined Patent Publication Nos. Hei 9-85541 and Hei 9-181823), or liquid crystal materials containing constituents with
cyano group (D.Klement et al, SID International Symposium 98, 26.3), etc.
[0004] Further, in this in-plane switching mode, the relationships given by the following equations [Eqn. 1] and [Eqn.
2] are known to exist between the driving voltage, the liquid crystal response time, and the physical properties of the
liquid crystal material (Masahito Oh-e and Katsumi Kondo, Applied Physics Letters, Vol. 67, pp. 3895-3897, 1995;
Masahito Oh-e and Katsumi Kondo, Applied Physics Letters, Vol. 69, pp. 623-625, 1996). 

[0005] Here, Vth is the threshold voltage of the liquid crystal, K22 is the twist elastic constant of the liquid crystal material,
Δε is the dielectric anisotropy, L is the electrode spacing (see Fig. 1), d is the thickness of the liquid crystal layer (see
Fig. 1), τoff is the response time of the liquid crystals from the voltage applied condition to the no-voltage condition, and
γ1 is the rotational viscosity of the liquid crystals.
[0006] Further, it is possible to transform [Eqn. 1] and [Eqn. 2] respectively into [Eqn. 3] and [Eqn. 4] because d x An
is almost constant in order to maintain the optical characteristics. 

[0007] As can be seen from these equations, the response time τoff becomes shorter as the viscosity of the liquid
crystal γ1 becomes lower, and the driving voltage becomes lower as the dielectric anisotropy Δε becomes larger. However,
in the case of most liquid crystal materials, there is an almost proportional relationship between the viscosity and the
dielectric anisotropy Δε, that is, there is a trend that the viscosity is lower in liquid crystals with smaller Δε and the viscosity
becomes higher as Δε becomes larger. This is because there is a trend that the dipole moments of high polar liquid
crystal molecules which make Δε of mixtures large are large, and the intermolecular interaction between molecules is
large in materials with large dipole moment, and consequently, the viscosity of the entire liquid crystal becomes large.
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Therefore, in the in-plane switching mode of display, there is a trade-off between the high-speed response characteristics
of liquid crystals and low driving voltage. In other words, if a large amount of low polarity component with |Δε| ≤ 1 and
relatively low viscosity, that is, a so called neutral component, is added, although the viscosity gets reduced and a fast
response can be achieved, the driving voltage also increases at the same time. Further, if a large amount of high polar
component with large Δε is added, although the driving voltage can be reduced, the viscosity increases thereby making
the response of the liquid crystal slower. Furthermore, not much has so far been proposed about the method of controlling
the twist elastic constant K22 which is one additional parameter affecting the driving voltage and the response time.
[0008] On the other hand, in order to achieve high contrast, a number of technologies have been developed for placing
the spacers to keep the spacing between the pair of substrates constant in a non-displaying region of the display device.
For example, such methods have been proposed as described in Japanese Unexamined Patent Publication No. Hei
10-170928, Japanese Unexamined Patent Publication No. Hei 9-61828, Japanese Unexamined Patent Publication No.
Hei 6-250194, Japanese Unexamined Patent Publication No. Hei 5-53121, Japanese Unexamined Patent Publication
No. Hei 5-173147, Japanese Unexamined Patent Publication No. Hei 8-160433, Japanese Unexamined Patent Publi-
cation No. Hei 8-292426, and Japanese Unexamined Patent Publication No. Hei 7-325298, etc.
[0009] EP 0 673 986 A2 discloses an active matrix type liquid crystal display apparatus. It comprises a pair of substrates,
the spacing of which is determined by spacers, a liquid crystal therebetween, a set of electrodes and a pair of polarizers.
[0010] US 4 372 871 discloses a nematic liquid crystal for display devices. What is discussed is a vertical display
device with a twisted liquid crystal and electrodes on both substrates.
[0011] DE 196 25 100 A1 describes an electro-optical liquid crystal display. What is described is a nematic mixture
with values of γ1 of 103 and Δn of 0.0792.

SUMMARY OF THE INVENTION

[0012] As has been described above, in the liquid crystal materials for active matrix type liquid crystal display devices
using the in-plane switching mode, there is a trade-off relationship between the response time and the driving voltage
of the liquid crystals, that is, the driving voltage increases if the response time is decreased by reducing the viscosity of
the liquid crystals by increasing the neutral liquid crystal component and the response time decreases if the dielectric
anisotropy Δε is made large, and hence there was the problem that it was difficult to achieve both lower viscosity and
higher Δε of the liquid crystal material, that is, to achieve both high-speed response and low driving voltage. In addition,
so far the method of controlling the twist elastic constant K22 of the liquid crystals was not clear.
[0013] Further, from the results of experiments, it was found that there is a trade-off relationship between high response
speed and high contrast in the in-plane switching mode active matrix type liquid crystal display devices. It was also found
that when the content of the neutral component in the liquid crystal layer was increased thereby attempting to obtain a
high response speed due to reduced viscosity, there was a reduction in the contrast, and it is because the brightness
at the black state increased. In active matrix type liquid crystal display devices using the in-plane switching mode,
normally, polarizers placed so that the polarization axes are approximately at right angles are used as the optical means
for changing the optical characteristics in accordance with the molecular orientation of the liquid crystal layer. In this
case, the transmittance increases as the voltage applied to the liquid crystal layer is increased, that is, the normally
closed mode is used. In the case of this normally closed display mode, the orientation of the liquid crystal molecules
around the spacers for keeping the spacing between the substrates constant differs from the direction of controlled
orientation of the liquid crystal molecules near the substrate, and hence light leaks around the spacers at the black state
thereby increasing the black brightness and consequently reducing the contrast. From the results of further investigations,
it was found that, as the content of the neutral component in the liquid crystal layer is increased, this light leak around
the spacers increases, the brightness at the black state increases, and as a result, the contrast decreases.
[0014] In view of the above problems in the conventional technology, the first objective of the present invention is to
provide an active matrix type liquid crystal display device using the in-plane switching mode in which both high response
speed and high contrast are achieved. This first objective is reached with the liquid crystal display device of claim 1. The
second objective of the present invention is to provide an active matrix type liquid crystal display device using the in-
plane switching mode in which both high response speed and high contrast are achieved, while also achieving a low
driving voltage. This second objective is reached with the liquid crystal display device of claim 2.
[0015] Further aspects of the invention are addressed in dependent claims 3 to 13.
[0016] In addition, the liquid crystal display device according to the present invention has the characteristic that the
response time between the lowest brightness level and the highest brightness level is less than or equal to one frame
period. Also, it is preferable that the response time between gray levels is less than or equal to one frame period.

DETAILED DESCRIPTION OF THE DRAWINGS

[0017] Figure 1 is a schematic diagram showing the principle of operation of liquid crystals in a liquid crystal display
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device using the in-plane switching mode according to the present invention. Fig. 2 is a diagram showing the angles
subtended respectively by the liquid crystal molecule longitudinal axis orientation direction and the polarized light trans-
mission axis of the polarizers with the electric field direction of the liquid crystal display device according to the present
invention. Fig. 3 is a figure showing the relationship between the liquid crystal molecule orientation direction and the
polarized light transmission axis of the polarizers of the liquid crystal display device according to the present invention.
Fig. 4 is a schematic diagram of one pixel part of the liquid crystal display device according to the present invention
showing the plan view and the cross-sectional view of the placement of the set of electrodes, insulating layers, and
alignment layer. Fig. 5 is a schematic diagram showing the principle of operation of liquid crystals in the liquid crystal
display device according to the present invention. Fig. 6 is a schematic diagram of one pixel part of the liquid crystal
display device according to the present invention showing the plan view and the cross-sectional view of the placement
of the set of electrodes, insulating layers, and alignment layer. Fig. 7 is a schematic diagram of one pixel part of the
liquid crystal display device according to the present invention showing the plan view and the cross-sectional view of
the placement of the set of electrodes, insulating layers, and alignment layer. Fig. 8 is a graph showing the relationship
between the content of the neutral component in the liquid crystal layer and the response time in the liquid crystal display
device using in-plane switching mode according to the present invention. Fig. 9 is a graph showing the relationship
between γ1/Δn2 of the liquid crystal material and the response time in the liquid crystal display device using in-plane
switching mode according to the present invention. Fig. 10 is a graph showing the relationship between γ1/Δn2 of the
liquid crystal material and the content of the neutral component’ in the liquid crystal material in the liquid crystal display
device using in-plane switching mode according to the present invention. Fig. 11 is a schematic cross-sectional diagram
of the measurement cell for the observation of the liquid crystal orientation around the spacers. Fig. 12 is a schematic
diagram showing the amount of constituent component with |Δε| ≤ 1 in the liquid crystal layer and the light leakage around
the spacers in a liquid crystal display device according to the present invention. Fig. 13 is a schematic diagram showing
the estimated condition of liquid crystal orientation around the spacers. Fig. 14 is a schematic cross-sectional diagram
of a pixel section of a liquid crystal display device using pillar-shaped spacers in a preferred embodiment of the present
invention. Fig. 15 shows an example of the circuit system configuration in the liquid crystal display device of the preferred
embodiment 1. Fig. 16 is an exploded pictorial view showing the different constituent parts of the liquid crystal display
device of the preferred embodiment 1. Fig. 17 is a schematic cross-sectional diagram of a pixel section of a liquid crystal
display device using spherical spacers in a preferred embodiment of the present invention.

DESCRIPTION OF THE PREFERRED EMBODIMENT

[0018] Firstly, the principle of operation of liquid crystals in a liquid crystal display device using the in-plane switching
mode type which is being proposed in the present invention is described below using the schematic diagram of Fig. 1.
Fig. 1 shows the operation of liquid crystals in a liquid crystal panel of the in-plane switching mode type, and the parts
(a) and (b) of the figure show the cross-sectional view, and the parts (c) and (d) show the plan view. Further, while stripe-
shaped electrodes are formed in the entire display in the form of a matrix to configure a number of pixels, only the part
of one pixel has been shown in Fig. 1 for the sake of simplicity. Fig. 2 shows the definitions of the angle Φp between
the direction of the transmittance axis 202 of the polarizer with the 1 direction of the electric field 203 (113 in Fig. 1) and
the angle ΦLC of the direction of orientation 201 (111 in Fig. 1) of the longitudinal axis (optical axis) of the liquid crystal
molecules in the vicinity of the interface with the substrate.
[0019] The condition of the liquid crystal when no voltage has been applied is shown in Fig. 1 (a) and the plan view
at that time is shown in Fig. 1 (c). Stripe-shaped electrodes 102 and 103 are formed on the inside of a pair of transparent
substrates 101 and 101’, and the alignment layer 108 is formed on top of them. Further, the liquid crystal mixture is held
between the two substrates. The rod shaped liquid crystal molecules 106 are oriented in the orientation direction 111
indicated by the arrow mark 201 in Fig. 2 by the alignment layer 108 so that 45° ≤ |ΦLC| < 90° when no electric field has
been applied. Further, the dielectric anisotropy of the liquid crystals is assumed to be positive. The fact that ΦLC is not
equal to 90° is that the direction of movement of the liquid crystal molecules is restricted to one direction with respect
to the electric field. In other words, in Fig. 1, the setting has been made so that the liquid crystal molecules 106 always
move in the direction from the common electrode 102 towards the pixel electrode 103 relative to the direction of the
electric field 113. If ΦLC is allowed to be equal to 90°, the liquid crystal molecules 106 in the above figure can move in
both clockwise and counter-clockwise directions thereby generating domains and consequently causing display defects.
[0020] Next, as is shown in Fig. 1 (b) and (d), when the electric field 113 is applied between the electrodes 102 and
103, the liquid crystal molecules 106 change their orientation in the clockwise direction. At this time, the birefringence
of the liquid crystal layer and the effect of the polarizers 109 and 109’ cause a change in the optical characteristics of
the liquid crystal device, and the images are displayed due to this change.
[0021] In the liquid crystal display device according to the present invention, the liquid crystal display device is of the
in-plane switching mode type with a pair of polarizers, and has the characteristic that the polarization axes of the pair
of polarizers are almost at right angles to each other, and the controlled orientation directions of liquid crystal molecules
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at the two interfaces between the liquid crystal layer and the pair of substrates are almost parallel to each other, and
the axis of polarization of one of the polarizers almost matches with the controlled orientation direction. This arrangement
is shown in Fig. 3. When this kind of arrangement is used, black can be displayed at low voltages and white can be
displayed at high voltages, that is, the brightness increases with increasing driving voltage, in other words, the device
becomes a normally closed display device. By using this arrangement, it is possible to make the black state darker, and
thus to obtain a liquid crystal display device that has a high contrast. On the other hand, when the axes of the pair of
polarizers and the controlled orientation direction of the liquid crystal molecules are all parallel to each other, although
display is possible, the brightness at the black state becomes higher and hence the contrast becomes lower.
[0022] Further, while the above description has been made when the dielectric anisotropy of the liquid crystals 106 in
Fig. 1 is positive, it can also be negative without changing the effects described above. In that case, it is sufficient to
orient the initial orientation condition so that 0° ≤ |ΦLC| < 45° relative to the vertical direction of the stripe-shaped electrodes.
[0023] Fig. 4 is a drawing showing the plan view of the structure of the different types of electrodes and their cross-
sectional view for a single pixel of a liquid crystal display device according to the first preferred embodiment of the present
invention. The device comprises a glass substrate 401 on which the common electrode 402 and the scanning signal
electrode 414 are formed, the insulating layer 404 is formed on top of these electrodes, the thin film of amorphous silicon
layer 416 is formed on top of this insulating layer, and the video signal electrode 410 and the pixel electrode 403 are
formed on top of them to form the thin film transistor 415 (TFT) which is the active device in this display device, and
finally another insulating layer 404 if formed on top of these. Although it is possible to use thin film diodes as an alternative
active device, it is preferable to use TFTs because they have superior operating characteristics as a switching device.
[0024] Further, when the common electrode or the pixel electrode is made of a transparent material, as is shown in
Fig. 5 to Fig. 7, the reduction in brightness is small even when the electrode is made wide. In Fig. 5, (a) and (b) show
the cross-sectional view, while (c) and (d) show the plan view. Similar to Fig. 1 and Fig. 2, the liquid crystal orientation
direction is along the transmittance axis of the polarizers, and the liquid crystal molecules 506 change their orientation
due to the electric field, and the display is made by the change in the optical characteristics. Fig. 6 and Fig. 7 represent
the second and third preferred embodiments of the present invention, and show the plan view structure and the cross-
sectional diagram of the different electrodes for one pixel part of the liquid crystal display device. The points of difference
with the structure shown in Fig. 3 is that the common electrode and the pixel electrode are transparent electrodes that
transmit visible light, and is made, for example, of Indium-Tin-Oxide (ITO).
[0025] In the liquid crystal display device according to the present invention, the liquid crystal layer contains 40% or
more weight percentage but 100% or less weight percentage of a constituent component with a dielectric anisotropy of
|Δε| ≤ 1. This is because, the first objective of fast response is being achieved by making the content of the neutral
component large thereby lowering the viscosity of the liquid crystal layer. A neutral component can basically lower the
viscosity of the liquid crystal layer. This is because, the constituent component with |Δε| ≤ 1 has a small dipole moment
and hence the intermolecular interaction is small. For example, while the dipole moments of 4-methyl-(4-cyanophe-
nyl)cyclohexane and 4-methyl-(4-cyano-3,5-difluorophenyl)cyclohexane, which are chemical compounds with large di-
electric anisotropy, as calculated using the molecular orbital calculation software MOPAC93 (AM1) are 3.93 debyes and
5.43 debyes, respectively, the dipole moments are extremely small for the materials with |Δε| ≤ 1, such as 4-methylcy-
clohexane and 4-methylbenzene, being 0.035 debyes and 0.027 debyes, respectively. In other words, from this calcu-
lation, it is evident that the chemical compounds with |Δε| ≤ 1 have a small dipole moment and consequently have small
intermolecular interactions, and hence it is possible to explain that this makes it possible to lower the viscosity.
[0026] Next, the response time is described below. In a liquid crystal display device according to the present invention,
various displays are made by adjusting the brightness by controlling the condition of orientation of the liquid crystals
based on the applied voltage. The response time is the time taken when the voltage is changed from one voltage to
another voltage until the brightness reaches the desired value. Since the display is changed at every one-frame period,
the required brightness will not be obtained if the response of the liquid crystal is not complete at least within one frame
period. In particular, when displaying moving images, the image appears blurred because of the delay in the response
of the liquid crystals. Here, the one-frame period is 1/60 seconds = about 17 msec, when the scanning frequency of the
scanning circuit is 60 Hz. Fig. 8 shows the relationship between content of the neutral component and the response
time of the liquid crystal display device according to the present invention, as obtained from the results of experiments.
In the liquid crystal display device according to the present invention, it was found that when the content of the neutral
component is 40% or more by weight, the response time becomes smaller than one frame period of about 17 msec
when the frame frequency is 60 Hz. Therefore, in the liquid crystal display device according to the present invention, we
decided to make the content of the neutral component 40% or more by weight. However, if the amount of neutral
component is 100% by weight, Δε becomes 0, and it will not be possible to drive the liquid crystal by electric field.
Therefore, in order to drive the liquid crystal, it is necessary that the amount of neutral component is less than 100%,
and it is preferable that the content of the neutral component for practical use is 90% or less by weight.
[0027] Further, in the liquid crystal display device according to the present invention, as has been indicated above in
Eqn. 1 and Eqn. 3, the response time depends not only on the viscosity of the liquid crystal, but also on the cell gap,
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that is, the parameter Δn of the liquid crystal layer. In view of this, in the liquid crystal display device according to the
present invention, the relationship between the parameter γ1/Δn2 and the response time between the voltages yielding
the minimum brightness and the maximum brightness is shown by the graph in Fig. 9. From this graph, it became clear
that it is sufficient if γ1/Δn2 ≤ 1.2 3 104mPa.s in order to achieve a response time of less than 17msec. The temperature
at the time of measuring γ1 and Δn in this case was 25°C. Further, on the liquid crystal display screen, not only the
minimum brightness and maximum brightness images are displayed, but also it is necessary to display images in gray
levels between these two levels. Therefore, even the response times of gray levels are important. In the liquid crystal
display devices using the in-plane switching mode adopted in the present invention, the response time of gray levels is
about twice the response time between the minimum and maximum brightness levels. Therefore, in order to make even
the response time of gray levels less than 17msec, it is sufficient if the response time between the minimum and the
maximum brightness levels is 8msec, and hence it became clear that it is sufficient in this case if the condition γ1/Δn2

≤ 6.0 x 103mPa.s is satisfied.
[0028] Next, we investigated the relationship between the content of the neutral component and the parameter γ1/Δn2.
The result is shown in Fig. 10. It was found that if the content of neutral content in the liquid crystal layer is made 40%
or more by weight, it is possible to achieve the condition of γ1/Δn2 ≤ 1.2 3 104 mPa.s.
[0029] In the liquid crystal display device according to the present invention, the parameter d.An is set so that - 0.2
mm < d.Δn < 0.4 mm
where the birefringence of the liquid crystal layer is Δn and its thickness is d. In display modes using the birefringence
such as the in-plane switching mode, the intensity of the transmitted light measured by enclosing the liquid crystals
between the polarizers whose axes of polarization are at right angles to each other, is proportional to sin(πd.Δn/λ). Here,
λ is the wavelength of the light beams under consideration. In order to make the intensity of the transmitted light a
maximum, while is sufficient to make d.Δn equal to λ/2, 3λ/2, 5λ/2, ..., the setting is preferably made at λ/2 so that
transmitted white light is obtained while suppressing dependency on the wavelength of the transmitted light. In other
words, if light of 550nm wavelength, which has a high visibility, is considered, d.Δn will be equal to 0.275 mm. Such a
value of d. Δn should preferably be at least in the range from 0.2 mm to 0.4 mm for the sake of practicability.
[0030] The liquid crystal display device according to the present invention is of the in-plane switching mode type having
spacers held between a pair of substrates, and the spacers held between said pair of substrates are in a non-displaying
area. The effect of this is described below.
[0031] As has already been described above, when the content of the constituent component with |Δε| ≤ 1 in the liquid
crystal layer is increased, the viscosity of the liquid crystal layer decreases, thereby making faster response speed
possible. However, it became clear that the contrast gets reduced with an increase in the content of the neutral component
in the liquid crystal layer. As a result of detailed investigation, it was found that as the content of the constituent component
with |Δε| ≤ 1 in the liquid crystal layer is increased, the amount of light leakage around the spacers increases during
black display. As has been described earlier, in the liquid crystal display device using the in-plane switching mode
according to the present invention, the orientations of the polarizers or the direction of controlled orientation of liquid
crystals are arranged so that the normally closed display is made in which black state is obtained at low driving voltages.
Also, as has already been mentioned above, when spacers are present in the liquid crystal layer, the direction of
orientation of liquid crystals is not uniform near the interface between the spacers and the liquid crystals thereby making
the direction of orientation of the liquid crystals at the interface between the spacers and liquid crystals different, and
consequently, there is light leakage around the spacers even at the black state, the brightness of black state increases,
that is, the contrast becomes lower. This reduction in the contrast due to light leakage around the spacers is particularly
significant in the case of normally closed type of liquid crystal displays. In the present invention, when the content of the
neutral component in the liquid crystal layer is made 40% or more by weight, there was a particularly significant reduction
in the contrast. From the results of detailed investigations, it was found that the significant reduction in contrast was
caused by a significant increase in light leakage around the spacers. Therefore, in order to clarify the cause of light
leakage around the spacers, we prepared the measurement cell shown in Fig. 11. This measurement cell is one in which
the liquid crystal layer 1105 is held between the pair of glass substrates that are separated by the spacers 1104. Polyimide
alignment layer 1103 are formed on the glass substrates, and their rubbing directions are mutually anti-parallel. In this
cell, a mixed liquid crystal material with the composition ratio changed from those given by (1) and (2) below is injected,
and the orientation of the liquid crystals around the spacers is observed in the condition in which the rubbing direction
of the cell is aligned with the axis of polarization of one of the polarizers under the crossed nicols condition.

(1) Neutral component: Equal weight mixture of PCH302 (1-(4-ethoxyphenyl)-4-propylcyclohexane) and PCH304
(1-(4-butoxyphenyl)-4-propylcyclohexane) (Δε equal to about 0)
(2) Component with large Δε: ZLI-1083 [a three-component mixture of cyano-PCH with Δε equal to about 10 (PCH
stands for phenylcyclohexane)] manufactured by Merck Corporation.

[0032] The reason for using the equal quantity mixture of PCH302 and PCH304 in (1) above is, as has already been
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explained above, that it is effective in liquid crystal display devices using the in-plane switching mode to use at least
40% or more by weight of a liquid crystal material with |Δε| ≤ 1. In other words, the liquid crystal material of (1) was used
as an example of liquid crystal materials with |Δε| ≤ 1.
[0033] As a result, in the case of a mixed liquid crystal material with 50% by weight of the liquid crystal material (1)
and 50% by weight of the liquid crystal material (2), as is shown in Fig. 12 (a), a ring-shaped bright part 1201 was
observed on the periphery of the spacer 1204, and the outside of the bright part 1201 was dark. Further, dark cross-
shaped lines 1202 and 1203 that coincided in direction with the axes of polarization of the polarizers were observed in
the bright part 1201. When the details were observed using a polarizing microscope, it was suggested that the liquid
crystal molecules 1301 around the spacer 1302 were oriented as shown in Fig. 13 (a). Although in Fig. 13 (a) only a
single molecular layer has been shown around the spacers 1302, in actuality, multiple molecular layers were oriented
in this manner over a region corresponding to almost the entire length of the bright part 1201 of Fig. 12 in the radial
direction. In the dark part outside the bright part 1201, the liquid crystal molecules were oriented in a direction parallel
to the rubbing direction. Therefore, outside the bright part 1201, the region has become a dark part because light cannot
pass through the polarizers that are at right angles to each other. As is shown in Fig. 13 (a), in the part where the liquid
crystal molecules are oriented on the periphery of the spacer 1302, only the dark lines 1202 and 1203 in Fig. 12 (a) are
observed in the part where the direction of orientation of the liquid crystal molecules 1301 is aligned with the axes of
polarization of the polarizers. The part where the direction of orientation of the liquid crystal molecules is inclined relative
to the axes of polarization of the polarizers becomes the bright part 1201 in Fig. 12 (a) because of the generation of
polarized light components that can pass through the polarizers.
[0034] Further, the conditions on the periphery of the spacer are shown in Fig. 12 (b) and (c) in the case of a mixed
liquid crystal material with 45% by weight of the liquid crystal material (1) and 55% by weight of the liquid crystal material
(2), and in the case of a mixed liquid crystal material with 40% by weight of the liquid crystal material (1) and 60% by
weight of the liquid crystal material (2), respectively. In these cases, unlike in the case of a mixed liquid crystal material
with 50% by weight of the liquid crystal material (1) and 50% by weight of the liquid crystal material (2) shown earlier,
dark lines 1205 and 1206 appeared newly in directions different from the axes of polarization of the polarizers in the
bright part 1201. Upon detailed investigation, as is shown in Fig. 13 (b) and (c), it was suggested that the condition of
orientation of the liquid crystal molecules was a mixed presence of liquid crystal molecules 1301 that are oriented
perpendicular to the surface of the spacer 1302 and liquid crystal molecules 1301 that are oriented parallel to the surface.
[0035] Furthermore, when these liquid crystal materials were injected in the liquid crystal display device shown in Fig.
1 and the contrast was measured, the contrast ratio decreased in the sequence 200:1, 160:1, and 100:1, respectively
for the materials with liquid crystal material (1) : liquid crystal material (2) = 40% by weight : 60% by weight, liquid crystal
material (1) : liquid crystal material (2) = 45% by weight: 55% by weight, liquid crystal material (1) : liquid crystal material
(2) = 50% by weight : 50% by weight, respectively. In other words, the contrast decreased as the content of the liquid
crystal material (1) that has |Δε| ≤ 1 was increased. In particular, at 50% or more by weight of the neutral component,
the light leakage becomes larger and the contrast gets reduced. This can be explained be the fact that, when the content
of the neutral liquid crystal component material is increased, the liquid crystal molecules on the surface of the spacers
go into the orientation condition shown in Fig. 13 (a) as has been explained above, and in this condition of orientation,
the light leakage around the spacers increases during black display. In other words, increasing the content of the liquid
crystal material having |Δε| ≤ 1 to obtain a faster response and obtaining high contrast ratio have a mutual trade-off
relationship.
[0036] In view of this, as a means for avoiding said trade-off and achieving both low driving voltage and high contrast
ratio, the spacers are placed outside the displaying region (the pixel region) in the present invention. Because of this,
by increasing the content of the neutral liquid crystal component material, even if the light leakage around the spacers
gets increased, the brightness at the black state does not get increased because the spacers are not present in the
displaying region. This means that a high contrast can be achieved. This non-displaying region where the spacers are
placed is, for example in Fig. 1, on the electrode substrate, the area where no light is transmitted such as on the common
electrodes 102, pixel electrodes 103, and video signal electrodes 110. On a substrate with color filters formed on it, the
area where no light is transmitted is in the black matrix 1411 (Fig. 14), which is the light cut-off area. The method of
placing spherical-shaped spacers selectively in the non-displaying region, or the method of forming pillar-shaped spacers
in the non-displaying region, etc., are used as methods of placing spacers in the non-displaying region. The method of
forming pillar-shaped spacers can be that of using photosensitive materials and photolithographic processes to form the
spacers in the required locations easily, and the use of this method is more desirable. An example of a liquid crystal
display device using pillar-shaped spacers according to the present invention is shown in Fig. 14. The liquid crystal
display device shown in Fig. 14 is an example in which the planarizing film 1407 formed on the color filter 1405 and the
pillar shaped spacer 1412 are formed simultaneously using a photosensitive polymer. In this manner, in the present
invention, by making the content of neutral component in the liquid crystal layer 40% or more by weight and placing the
spacers in a non-displaying region, it has been possible to achieve a high response speed with the response time being
less than one-frame period and also to obtain a high contrast ratio by suppressing the brightness increase during black
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state.
[0037] Further, in the present invention, as a constituent component with |Δε| ≤ 1 it is possible to use chemical com-
pounds having two ring structures in the molecule, and these ring structures can be combinations of a benzene ring and
a hexane ring. The typical structures of chemical compounds having such structures are given in the chemical formulae
shown below.

[0038] (R1 and R2 in these formulae represent substituents that are either identical to each other or are different from
each other, and are either an alkyl group, an alkenyl group, or an alkoxyl group with the number of carbon of 12 or less.
X represents an alkylene group, an alkenyl group, a triple carbon-carbon bond, an ether group, or an ester group.)
[0039] Concrete examples of such chemical compounds are shown in the chemical formulae given below.

[0040] As has been described above, since the dipole moments of such chemical compounds having such structures
are very small being near 0, the intermolecular interaction is small, and hence it is possible to make the viscosity low.
[0041] Further, in the present invention, the characteristic is that is that chemical compounds having a single ring
structure that contain only one ring structure in the molecule are used as the constituent component with |Δε| ≤1 in the
liquid crystal material. Concrete examples of such chemical compounds are shown in the chemical formulae given below.
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[0042] Chemical compounds with single ring structures in the molecules reduce the viscosity and hence it is possible
to achieve high response speeds. Only benzene ring structures or hexane ring structures are desirable in single ring
structures. In addition, it is desirable that such ring structures contain to alkyl groups, alkenyl groups, or alkoxyl groups.
Chemical compounds with such single ring structures particularly have a large effect of reducing the viscosity, and are
very beneficial for achieving high response speeds. Further, since the structure is a single ring structure, it is possible
to make the birefringence Δn small, thereby making it also possible to reduce the color shift dependent upon the viewing
angle that is typical in the liquid crystal displays using in-plane switching mode. This is because the color shifts dependent
upon the viewing angle in the liquid crystal displays using in-plane switching mode are caused by changes in the cell
gap and Δn of the liquid crystals according to the viewing angle. Therefore, if Δn is basically small, even the amount of
its change becomes small, and hence changes in the color depending on the viewing angle get reduced.
[0043] In the liquid crystal display device according to the present invention, the liquid crystal layer contains 40% or
more by weight of a constituent component with |Δε| ≤ 1. Therefore, Δε becomes small thereby increasing the driving
voltage. Considering this, in order to achieve the second objective of the present invention, which is that of achieving
also a low driving voltage while obtaining both fast response and high contrast ratio, chemical compounds which have
4-cyano-3-fluorophenyl, 4-cyano-3,5-difluorophenyl structures in the molecules are contained in the liquid crystal layer.
Particularly desirable is a chemical compound with 4-cyano-3,5-difluorophenyl structure in the molecule. As has been
explained earlier, these chemical compounds have high polarity and large dipole moments with large Δε values. For
example, chemical compounds containing cyanofluorophenyl and cyanodifluorophenyl structures in the molecules have
extremely large values of Δε of more than 20 to about 60, and it is possible to make the value of Δε of the overall liquid
crystal mixture large by adding only a small quantity of these compounds. Examples of such chemical compounds are
given by the following chemical formulae.
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[0044] In the liquid crystal display device according to the present invention, a new problem was found when attempts
were made to reduce the driving voltage by using said liquid crystal component material with a high polarity and a neutral
component material in the liquid crystal mixture. This is a problem related to the miscibility between the liquid crystal
materials. With a combination of said high polar component and a neutral component, the miscibility, and consequently,
the stability of the liquid crystal phase becomes lower, and particularly at low temperatures, there was the problem of
precipitation of the components from the mixtures.
[0045] Such problems of miscibility in liquid crystal mixtures, are treated as problems in mixing ideal solutions, as has
been indicated in the paper by Y. Tanaka and S. Naemura, IDW ’97 Proceedings, pp. 41-44, and methods are being
studied for suppressing the precipitation of the liquid crystal components at low temperatures. However, from the results
of similar studies, it was found not possible to reproduce actually low temperature stability by treating as ideal solutions.
In particular, as in the present invention, with combinations of a neutral component and a high polar component, it was
not possible to solve the problem of miscibility by treating in the said manner. Therefore, in the present invention, sufficient
consideration has been given to the intermolecular interaction between the liquid crystal constituent components, and
in order to solve the problem of miscibility, we adapted solubility parameters of liquid crystal constituent components.
In concrete terms, we used the method of calculating solubility parameters given in the paper by R. F. Fedors, Polymer
Engineering and Science, 1974, vol. 14, No. 2, pp. 147-154). As a result, the low temperature stability predicted by
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calculations agreed well with the low temperature stability of actual liquid crystal mixtures, and also it was possible to
obtain valuable knowledge.
[0046] In other words, since it has become possible to estimate the effect of intermolecular interaction on the miscibility
of liquid crystals from the solubility parameters, it was possible to obtain guide lines for improving the low temperature
stability of liquid crystal mixtures by taking into consideration the solubility parameters of liquid crystal components.
[0047] Therefore, it was found possible to improve the low temperature stability by a great amount by adding liquid
crystal components with medium polarity between those of the low polar neutral component and the high polar component
containing a 4-cyano-3-fluorophenyl, or a 4-cyano-3,5-difluorophenyl structure in the molecule.
[0048] In specific terms, a solubility parameter value of about 8.3 was obtained for the chemical compound A given
by the chemical formula 9 and which is a neutral component. Also a solubility parameter value of about 11.8 was obtained
for the chemical compound B given by the chemical formula 10 and which is a high polar component. Therefore, it is
sufficient to add compounds with solubility parameters in the medium range between the above of 8.4-11.7. Further,
other neutral components mostly have solubility parameters of 9.2 or less, and since the high polar components used
in the present invention have solubility parameter values of 10.8 or more, it is preferable to use a component with a
solubility parameter of 9.3 to 10.7 as the medium polar component. Consequently, it becomes possible to include a large
number of high polar components.
[0049] It is still more desirable to use an medium polar component with Δε > 0. As a result of that, the value of Δε of
the liquid crystal mixture becomes larger, thereby making the driving voltage lower. In specific terms, it is possible to
use chemical compounds having monofluorobenzene, difluorobenzene, trifluorobenzene, monofluorocyclohexyl, difluor-
ocyclohexyl, trifluorocyclohexyl, cyanobenzene, or cyanocyclohexyl structures in the molecule.
[0050] Since the liquid crystal layer contains 40% or more and less than 100% by weight, or in practice, 40% to 90%
by weight of the neutral component, it is possible to achieve a low driving voltage and to greatly improve the low
temperature stability by including in the liquid crystal layer said medium polar component and high polar component to
the amount of less than 60% by weight or, in actual practice, 10% or more but less than 60% by weight.
[0051] Further, in the present invention, when an opaque material, as for example, chromium is used, the spacing L
between the pixel electrodes and the common electrodes, the birefringence Δn of said liquid crystal layer, and the
dielectric anisotropy Δε, are set so that LΔn/√Δε ≤ 0.55 mm, or still better, so that LΔn/√Δε ≤ 0.4 mm. As can be understood
from Eqn. 2 and Eqn. 4, in the in-plane switching mode, the driving voltage is dependent on the spacing L between the
pixel electrodes and the common electrodes, Δn, and Δε. Therefore, although the driving voltage becomes smaller as
L is made small, when an opaque material is being used for the electrodes, simultaneously the aperture ratio becomes
smaller, that is, the brightness decreases. Therefore, it is necessary to make L large to some extent. In actuality, L is in
the range of 20 mm to 5 mm. From the results of experiments it was found that, in order to make the driving voltage equal
to a value that permit driving the display device using existing drivers, it is necessary to make LΔn/√Δε ≤ 0.55 mm. Further,
it is still more desirable that LΔn/√Δε ≤ 0.4 mm.
[0052] Further, in the present invention, the birefringence Δn and the dielectric anisotropy Δε are set so that they satisfy
the condition of LΔn/√Δε ≤ 0.4 mm. and still more preferably, the condition Δn/√Δε ≤ 2.7 3 10-2. The effect of this is
described below.
[0053] On the one hand, when the electrodes are made of a transparent material, such as indium-tin-oxide, there is
almost no reduction in the brightness even when L is small, and it is possible to reduce the driving voltage. However, if
L=0, that is, even if the structure is such that the pixel electrodes and the common electrodes are overlapping each
other, as is shown in Fig. 5 and Fig. 7, it was found from experiments that it is not possible to make the driving voltage
zero. Therefore, when L is small, it is necessary to revise Eqn. 2 and Eqn. 4. Upon experimental verification, when L=0,
it was found that the driving voltage will be in a range in which it is possible to drive using the current drivers if the setting
is made such that LΔn/√Δε ≤ 0.4 mm.
[0054] Further, it is possible to achieve low driving voltage even by making the dielectric anisotropy of the liquid crystal
layer Δε ≥ 7, and the twist elastic constant K22 ≤ 5.5pN.
[0055] In the following, the preferred embodiments of the present invention are described concretely.

[PREFERRED EMBODIMENT 1]

[0056] First, the method of manufacturing an active matrix type liquid crystal display device according to the present
invention is described here using Fig. 4 and Fig. 14 as the first preferred embodiment of the present invention. The
common electrodes 402 and the scanning signal electrodes 414 are formed on the glass substrate 401. Next, the
insulating layer 404 is formed on top of these electrodes, on top of which are formed the video signal electrodes 410,
the pixel electrodes 403, and the TFT 415 comprising the amorphous silicon layer 416. In this first preferred embodiment,
the common electrodes 402 and the pixel electrodes 403 are made of chromium, which does not transmit light in the
visible region. Also, the spacing between the common electrodes and the pixel electrodes is 13 mm. Further, on top
these is formed the insulating layer 404. In addition, each pixel is separated into four segments by the common electrodes
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402 parallel to the video signal electrode and the pixel electrodes 403. On top of the substrate containing this set of
electrodes is formed the alignment layer 408 using Optomer-AL3046 manufactured by JSR Co., Ltd. After the alignment
layer is formed, orientation processing is carried out on the surface of the alignment layer by the rubbing method.
[0057] Next, in Fig. 14, on the substrate 1401’ opposite to this substrate 1401 containing the TFT 415 are formed the
color filter 1405 and the black matrix 1411. The planarizing film 1407 is formed on top of the color filter 1405. At this
time, a photosensitive polymer is used for the planarizing film 1407, and pillar shaped spacers 1412 are formed on top
of the black matrix 1411 simultaneously with the formation of the planarizing film 1407 by photolithographic techniques.
Next, the alignment layer 1408 is formed and rubbing operation is made as in the case of the substrate 1401. The two
substrates 1401 and 1401’ placed opposite to each other so that their rubbing directions are the same, and are bonded
together using a sealant (not shown in the figure). In the present preferred embodiment of the invention, the spacing d
between the substrate was about 3.1 mm. After injecting the liquid crystal material in the space between the substrates,
the polarizers 1409 and 1409’ were adhered to the substrates, thereby completing the preparation of the liquid crystal
display device shown in Fig. 14. The polarizer film 1409 is aligned so that its polarized light transmission axis is almost
aligned with the rubbing direction, and the polarized light transmission axis of the other polarizer film 1409’ is made
almost perpendicular to it. This relationship is shown in Fig. 3. Because of this, the transmittance increases with an
increase in the voltage applied to the liquid crystal layer, that is, it is possible to obtain the so-called normally closed
characteristics.
[0058] Next, as is shown in Fig. 15, the driving LSI is connected, the vertical scanning circuit 1501, the video signal
driving circuit 1502, and the common electrode driving circuit 1503 on the TFT substrate are connected, and the scanning
signal voltage, the video signal voltage, and the timing signals are supplied from the power supply circuit and the controller
1504, thereby preparing the active matrix type liquid crystal display device. In this figure, 1505 is the common electrode
line, 1506 is the video signal electrode line, and 1507 is the scanning signal electrode line. The scanning frequency of
the liquid crystal display device in the present preferred embodiment is 60 Hz.
[0059] Fig. 16 is an exploded pictorial view showing the different constituent parts of the liquid crystal display module
1601 of the preferred embodiment 1. Here, 1602 is a frame-shaped shield case (metal frame) made from a metallic
plate, 1603 is its display window, 1606 is the liquid crystal display panel, 1605 is the power supply circuit board, 1607
is the optical scattering plate, 1608 is the light guide, 1609 is the reflector plate, 1610 is the back-light fluorescent tube,
and 1611 is the back-light case, and these parts are all piled up on each other in the placement relationship shown in
the figure thereby assembling the module 1601. The inverter circuit board 1612 is connected to the back-light fluorescent
tube 1610 and becomes the power supply to the back-light fluorescent tube. In this figure, 1613 is the vertical scanning
circuit (1501 in Fig. 15) and 1604 is the video signal driving circuit (1502 in Fig. 15). The liquid crystal display panel 1606
in the present preferred embodiment of the invention has a size of 15.0-inch diagonal and has XGA resolution (1024 3
768 3 3 dots).
[0060] Next, for the sake of comparison, we prepared a liquid crystal display panel with spherical spacers distributed
between the substrates instead of pillar shaped spacers. Fig. 17 shows the cross-sectional diagram of that liquid crystal
display panel. Although the method of manufacturing the substrates is the same as that described for the above liquid
crystal display panel, the pillar shaped spacers were not formed at the time of forming the planarizing film 1707. At the
time of bonding together the substrates, spherical spacers 1711 were dispersed on the substrate. All other steps in the
method of manufacture were identical to that of the liquid crystal display device described above.
[0061] The liquid crystal material used in the present preferred embodiment consists of a mixture of 15% by weight
of a liquid crystal compound with phenyl cyclohexane structure and 25% by weight of a liquid crystal compound with
bicyclohexyl structure making up a total of 40% by weight of the liquid crystal material with |Δε| ≤ 1, 15% by weight of a
liquid crystal compound having a cyanophenyl group and a compound having a 4-cyano-3,5-difluorophenyl group, and
45% by weight of a liquid crystal compound having a 3,4,5-trifluorophenyl group, which are all mixed together to form
the liquid crystal mixture (I). When the physical parameters of this liquid crystal composite material were measured (at
25°C), they were found to be: γ1 = 88mPa.s, Δn = 0. 094, Δε = 8.5, and K22 = 5.5pN. Therefore, in the liquid crystal
display device according to the present preferred embodiment of the invention, γ1/Δn2 was 1.0 3 104mPa.s, and d. Δn
was 0.291 mm. In addition,LΔn/√Δε ≤ 0.4 mm. LΔn/√Δε ≤ 0.4 mm. was 0.42 which is less than 0.55.
[0062] When this liquid crystal component material (I) was used in said liquid crystal display device, the liquid crystal
response time was 14msec when the voltage was changed from that for minimum brightness to that for maximum
brightness. Thus, this response time was smaller than the one-frame period in the present preferred embodiment, which
is 1/60=16.7msec.
[0063] The contrast ratios of the liquid crystal display device using pillar shaped spacers shown in Fig. 14 and the
liquid crystal display device using spherical spacers shown in Fig. 17 were 350:1 and 200:1, respectively. When the
liquid crystal alignment around the spacers in a liquid crystal display device using spherical spacers was observed under
a microscope, it was almost the same as that shown in Fig. 12 (c).
[0064] Further, it was possible to apply a voltage to the liquid crystals using the driving IC that was sufficient to give
the maximum brightness
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[PREFERRED EMBODIMENT 2]

[0065] In a liquid crystal display device prepared in a manner similar to that of Preferred Embodiment 1 above, we
injected a liquid crystal mixture consisting of - a mixture of 16% by weight of a liquid crystal compound with phenylcy-
clohexane structure and 29% by weight of a liquid crystal compound with bicyclohexyl structure making up a total of
45% by weight of the liquid crystal material with |Δε| ≤ 1, 20% by weight of a liquid crystal compound having a 4-cyano-
3,5-difluorophenyl group, and 35% by weight of a liquid crystal compound having a 3,4,5-trifluorophenyl group, which
are all mixed together to form the liquid crystal mixture (II). The physical parameters of this liquid crystal mixture were
found to be: γ1 = 75mPa.s, Δn = 0.096, and Δε = 9.0. Therefore, in the liquid crystal display device according to the
present preferred embodiment of the invention, γ1/Δn2 was 8.14 3 103mPa.s, and d. Δn was 0. 2 98 mm. In addition,
LΔn/√Δε was 0.42 which is less than 0.55.
[0066] Further, in the liquid crystal display device according to the present preferred embodiment of the invention, the
liquid crystal response time was 13msec when the voltage was changed from that for minimum brightness to that for
maximum brightness. Thus, this response time was smaller than the one-frame period in the present preferred embod-
iment, which is 1/60 = 16.7msec.
[0067] The contrast ratios of the liquid crystal display device using pillar shaped spacers and the liquid crystal display
device using spherical spacers were 340:1 and 190:1, respectively. When the liquid crystal alignment around the spacers
in a liquid crystal display device using spherical spacers was observed under a microscope, it was almost the same as
that shown in Fig. 12 (b).
[0068] Further, it was possible to apply a voltage to the liquid crystals using the driving IC that was sufficient to give
the maximum brightness.

[PREFERRED EMBODIMENT 3]

[0069] In a liquid crystal display device prepared in a manner similar to that of Preferred Embodiment 1 above, we
injected a liquid crystal mixture consisting of - a mixture of 10% by weight of a liquid crystal compound with phenylcy-
clohexane structure, 30% by weight of a liquid crystal compound with bicyclohexyl structure, and 10% by weight of a
liquid crystal compound with phenylbicyclohexane structure making up a total of 50% by weight of the liquid crystal
material with |Δε| ≤ 1, 25% by weight of a liquid crystal compound having a 4-cyano-3-fluorophenyl group and a liquid
crystal compound having a 4-cyano-3,5-difluorophenyl group, and 25% by weight of a liquid crystal chemical compound
having a 3,4,5-trifluorophenyl group, which are all mixed together to form the liquid crystal mixture (III). The physical
parameters of this liquid crystal composite material were found to be: γ1 = 70mPa.s, An = 0.096, and Δε = 9.0. Therefore,
in the liquid crystal display device according to the present preferred embodiment of the invention, γ1/Δn2 was 7.6 3
103mPa.s, and d.Δn was 0.298 mm. In addition, LΔn/√Δε ≤ 0.4 mm. was 0.42 which is less than 0.55.
[0070] Further, in the liquid crystal display device according to the present preferred embodiment of the invention, the
liquid crystal response time was 12 msec when the voltage was changed from that for minimum brightness to that for
maximum brightness. Thus, this response time was smaller than the one-frame period in the present preferred embod-
iment, which is 1/60 = 16.7 msec.
[0071] The contrast ratios of the liquid crystal display device using pillar shaped spacers and the liquid crystal display
device using spherical spacers were 340:1 and 150:1, respectively. When the liquid crystal alignment around the spacers
in a liquid crystal display device using spherical spacers was observed under a microscope, it was almost the same as
that shown in Fig. 12 (a).
[0072] Further, it was possible to apply a voltage to the liquid crystals using the driving IC that was sufficient to give
the maximum brightness.

[PREFERRED EMBODIMENT 4]

[0073] In a liquid crystal display device prepared in a manner similar to that of Preferred Embodiment 1 above, we
injected a liquid crystal mixture consisting of - a mixture of 20% by weight of a liquid crystal compound with a phenylcy-
clohexane structure, 10% by weight of a liquid crystal compound with a bicyclohexyl structure, 10% by weight of a liquid
crystal chemical compound with a phenylbicyclohexane structure, and 10% by weight of dialkenyloxybenzene derivatives
making up a total of 50% by weight of the liquid crystal material with Δε ≤ 1, 25% by weight of a liquid crystal compound
having a 4-cyano-3-fluorophenyl group and a liquid crystal compound having a 4-cyano-3,5-difluorophenyl group, and
25% by weight of a liquid crystal chemical compound having a 3,4,5-trifluorophenyl group, which are all mixed together
to form the liquid crystal mixture (IV). The physical parameters of this liquid crystal mixture were found to be: γ1 =
65mPa.s, Δn = 0.093, and Δε = 8.5. Therefore, in the liquid crystal display device according to the present preferred
embodiment of the invention, γ1/Δn2 was 7.5 3 103mPa.s, and d.Δn was 0.288 mm. In addition, LΔn/√Δε was 0.41 which
is less than 0.55.
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[0074] Further, in the liquid crystal display device according to the present preferred embodiment of the invention, the
liquid crystal response time was 11 msec when the voltage was changed from that for minimum brightness to that for
maximum brightness. Thus, this response time was smaller than the one-frame period in the present preferred embod-
iment, which is 1/60=16.7 msec.
[0075] The contrast ratios of the liquid crystal display device using pillar shaped spacers and the liquid crystal display
device using spherical spacers were 350:1 and 150:1, respectively. When the liquid crystal alignment around the spacers
in a liquid crystal display device using spherical spacers was observed under a microscope, it was almost the same as
that shown in Fig. 12 (a).
[0076] Further, it was possible to apply a voltage to the liquid crystals using the driving IC that was sufficient to give
the maximum brightness.

[PREFERRED EMBODIMENT 5]

[0077] In a liquid crystal display device prepared in a manner similar to that of Preferred Embodiment 1 above, we
injected a liquid crystal constituent material consisting of - a mixture of 30% by weight of a liquid crystal compound with
a phenylcyclohexane structure, 20% by weight of a liquid crystal compound with a bicyclohexyl structure, 20% by weight
of a liquid crystal compound with a phenylbicyclohexane structure, and 10% by weight of dialkenyloxybenzene derivatives
making up a total of 80% by weight of the liquid crystal material |Δε| ≤ 1, 10% by weight of a liquid crystal compound
having a 4-cyano-3,5-difluorophenyl group, and 10% by weight of a liquid crystal compound having a 3,4,5-trifluorophenyl
group, which are all mixed together to form the liquid crystal mixture (V). The physical parameters of this liquid crystal
composite material were found to be: γ1 = 55mPa.s, Δn = 0.096, and Δε = 5.5. Therefore, in the liquid crystal display
device according to the present preferred embodiment of the invention, γ1/Δn2 was 6.0 x 103mPa.s, and d.An was 0.298
mm. In addition, LΔn/√Δε ≤ 0.4 mm. was 0.53 which is less than 0.55.
[0078] Further, in the liquid crystal display device according to the present preferred embodiment of the invention, the
liquid crystal response time was 7 msec when the voltage was changed from that for minimum brightness to that for
maximum brightness. Thus, this response time was smaller than the one-frame period in the present preferred embod-
iment, which is 1/60 = 16.7 msec. In addition, when the response time of gray levels was measured, even the worst
response time was 16 msec, which is a response time less than one-frame period.
[0079] The contrast ratios of the liquid crystal display device using pillar shaped spacers and the liquid crystal display
device using spherical spacers were 350:1 and 140:1, respectively. When the liquid crystal alignment around the spacers
in a liquid crystal display device using spherical spacers was observed under a microscope, it was almost the same as
that shown in Fig. 12 (a).

[PREFERRED EMBODIMENT 6]

[0080] Next, the active matrix type liquid crystal display device according to a second example of the preferred em-
bodiments of the present invention is described below using Fig. 7. The major point of difference from the liquid crystal
display device described in Preferred Embodiment 1 is that, in this case, the material of the pixel electrodes 703 and
the common electrodes 702 is ITO, which is a transparent conductive material.
[0081] The common electrodes 702 and the scanning signal electrodes 714 are formed on the glass substrate 701.
Next, the insulating film 704 is formed on top of these electrodes, on top of which are formed the video signal electrodes
710, the source electrodes 717, and the TFT 715 comprising the amorphous silicon layer 716. Next, the pixel electrodes
703 are formed on the insulating film 704’. The source electrodes and the pixel electrodes 703 are in electrical contact
with each other. On top of the substrate containing this set of electrodes is formed the alignment layer 708 using Optomer-
AL3046 manufactured by JSR Co., Ltd. After the alignment layer is formed, orientation processing is carried out on the
surface of the layer by the rubbing method. All other steps of preparation are identical to those described earlier for the
Preferred Embodiment 1, and both liquid crystal display devices with pillar shaped spacers and liquid crystal display
devices with spherical spacers were prepared. In addition, the order of vertical placement of the different layers of
electrodes on the substrate given in this preferred embodiment is only a sample provided for reference, and does not
restrict the intentions and extent of the present invention.
[0082] The liquid crystal mixture (V) described in Preferred Embodiment 5 was injected into the liquid crystal display
device prepared as above. In this case, it was found that Δn/√Δε = 4.2 3 10-2 ≤ 5.5 3 10-2.
[0083] Further, in the liquid crystal display device according to the present preferred embodiment of the invention, the
liquid crystal response time was 7msec when the voltage was changed from that for minimum brightness to that for
maximum brightness. Thus, this response time was smaller than the one-frame period in the present preferred embod-
iment, which is 1/60 = 16.7msec. In addition, when the response time of gray levels was measured, even the worst
response time was 15msec, which is a response time less than one-frame period.
[0084] The contrast ratios of the liquid crystal display device using pillar shaped spacers and the liquid crystal display
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device using spherical spacers were 350:1 and 140:1, respectively. When the liquid crystal alignment around the spacers
in a liquid crystal display device using spherical spacers was observed under a microscope, it was almost the same as
that shown in Fig. 12 (a).
[0085] Further, it was possible to apply a voltage to the liquid crystals using the driving IC that was sufficient to give
the maximum brightness.

[PREFERRED EMBODIMENT 7]

[0086] In a liquid crystal display device prepared in a manner similar to that of Preferred Embodiment 6 above, we
injected a liquid crystal mixture consisting of - a mixture of 25% by weight of a liquid crystal compound with a phenylcy-
clohexane structure, 20% by weight of a liquid crystal compound with a bicyclohexyl structure, 20% by weight of a liquid
crystal compound with a phenylbicyclohexane structure, 10% by weight of dialkenylcyclohexane derivatives, and 10%
by weight of dialkenyloxybenzene derivatives making up a total of 85% by weight of the liquid crystal material with |Δε|
≤ 1, 10% by weight of a liquid crystal chemical compound having a 4-cyano-3,5-difluorophenyl group, and 5% by weight
of a liquid crystal compound having a 3,4,5-trifluorophenyl group, which are all mixed together to form the liquid crystal
mixture (VI). The physical parameters of this liquid crystal mixture were found to be: γ1 = 45mPa.s, Δn = 0.094, and Δε
= 4.5. Therefore, in the liquid crystal display device according to the present preferred embodiment of the invention,
γ1/Δn2 was 5.1 3 103mPa·s, and d.An was 0.291 mm. In addition, it was found that Δn/√Δε = 4.4 3 10-2 ≤ 5.5 3 10-2.
[0087] Further, in the liquid crystal display device according to the present preferred embodiment of the invention, the
liquid crystal response time was 5msec when the voltage was changed from that for minimum brightness to that for
maximum brightness. Thus, this response time was smaller than the one-frame period in the present preferred embod-
iment, which is 1/60 = 16.7msec. In addition, when the response time of gray levels was measured, even the worst
response time was 11msec, which is a response time less than one-frame period.
[0088] The contrast ratios of the liquid crystal display device using pillar shaped spacers and the liquid crystal display
device using spherical spacers were 350:1 and 135:1, respectively. When the liquid crystal alignment around the spacers
in a liquid crystal display device using spherical spacers was observed under a microscope, it was almost the same as
that shown in Fig. 12 (a).
[0089] Further, it was possible to apply a voltage to the liquid crystals using the driving IC that was sufficient to give
the maximum brightness.
[0090] According to the present invention, in a liquid crystal display device using in-plane switching mode of the
normally closed type, it is possible to achieve fast response of less than one-frame period by adjusting the liquid crystal
mixtures, thereby making the content 40% or more weight percentage but 100% or less weight percentage of a constituent
component with a dielectric anisotropy of |Δε| ≤ 1. In addition, it is also possible to achieve high response speed of less
than one-frame period by adjusting the liquid crystal mixtures, thereby adjusting the rotational viscosity γ1 and the
birefringence Δn so that the following condition is satisfied: 1 3 103mPa.s ≤ γ1/Δn2 ≤ 1.2 3 104mPa·s
[0091] In addition, it is possible to achieve a high contrast ratio by placing the spacers in a non-displaying area.

Claims

1. A liquid crystal display device of in-plane switching mode having a pair of substrates (101, 101’, 501, 501’, 401,
1401, 1401’, 1701, 1701’, 1412, 1711) whose spacing is determined by spacers, a liquid crystal layer (106, 506,
1406) filled in the space between said pair of substrates, a set of electrodes (102, 103, 502, 503, 410, 403, 402,
1402, 1403, 1702, 1703) formed on the surface of one of the substrates of said pair of substrates for applying an
electric field to said liquid crystal layer, and a pair of optical polarizers (109, 109’, 509, 509’, 1409, 1409’, 1709,
1709’) placed so that they enclose said liquid crystal layer and with their axes of polarization substantially at right
angles to each other;
wherein the directions of controlled orientation of liquid crystal molecules at the two surfaces between said liquid
crystal layer and said pair of substrates are substantially parallel, and the axis of polarization of one of the polarizers
is substantially aligned with the direction of controlled orientation of liquid crystal molecules at said surfaces,
characterised in that
said spacers are placed in a non-displaying region, and
said liquid crystal layer contains 40 weight-% or more and less than 100 % of a constituent component with a
dielectric anisotropy of |Δε| ≤ 1.

2. A liquid crystal display device according to claim 1;
characterised in that
the rotational viscosity γ1 and the birefringence Δn of said liquid crystal layer satisfy the condition of 
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3. A liquid crystal display device according to Claim 2 wherein the rotational viscosity γ1 and the birefringence Δn of
said liquid crystal layer satisfy the condition of 1 3 103mPa*s ≤ γ1/Δn2 ≤ 6 x 103mPa*s.

4. A liquid crystal display device according to Claim 1 further comprising active elements (415) and wherein said set
of electrodes comprises pixel electrodes (403) and common electrodes (402), and at least either one of said pixel
electrodes and said common electrodes are formed as transparent electrodes.

5. A liquid crystal display device according to Claim 1 wherein the birefringence Δn and thickness d of said liquid crystal
layer satisfy the condition of 0.2 mm < d*Δn < 0.4 mm.

6. A liquid crystal display device according to Claim 1 wherein said constituent component with a dielectric anisotropy
of Δε ≤ 1 contained in said liquid crystal layer comprises at least one chemical compound having two ring structures
in the molecule, and said ring structure is a benzene ring or a cyclohexane ring.

7. A liquid crystal display device according to Claim 1 wherein said constituent component with a dielectric anisotropy
of |Δε| ≤ 1 contained in said liquid crystal layer comprises at least one chemical compound having only one ring
structures in the molecule, and said ring structure is either a benzene ring or a cyclohexane ring.

8. A liquid crystal display device according to Claim 7 wherein said at least one chemical compound present in said
liquid crystal layer and having only one ring structure in the molecule has a structure represented by the following
chemical formula:

wherein in this formula, A denotes a 1 ,4-cyclohexylene ring or a 1,4-phenylene ring, B1 and B2 are groups selected
from the groups comprising -COO-, -OOC-, -OCO-, -CX2-, =CX-, -CX=, and -O-, and X is either a hydrogen atom
or a halogen atom, and R1 and R2 are alkyl groups with a carbon number in the range 1-8 and can be substituted
by halogen atoms, or can contain double bonds in the carbon chain.

9. A liquid crystal display device according to Claim 1 wherein said liquid crystal layer contains a chemical compound
having a structure represented by the following chemical formula in its molecules:

wherein XI and X2 denote either H or F, and said liquid crystal layer contains a medium polar component whose
polarity characteristics are in between those of a low polar component with a dielectric anisotropy of |Δε| ≤1 and of
a high polar component represented by the above chemical formula.

10. A liquid crystal display device according to Claim 1 wherein said set of electrodes comprises pixel electrodes and
common electrodes which are formed using opaque materials, and the spacing L between said pixel electrodes and
common electrodes, the birefringence Δn and dielectric anisotropy Δε of said liquid crystal layer satisfy the condition
of LΔn/√|Δε| ≤ 0.55mm.

11. A liquid crystal display device according to Claim 10 wherein the spacing L between said pixel electrodes and
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common electrodes, the birefringence Δn and dielectric anisotropy Δε of said liquid crystal layer satisfy the condition
of LΔn/√|Δε| ≤ 0.4mm.

12. A liquid crystal display device according to Claim 4 wherein the birefringence Δn and dielectric anisotropy Δε of said
liquid crystal layer satisfy the condition of Δn/√|Δε| ≤ 5.5*10-2.

13. A liquid crystal display device according to Claim 4 wherein said liquid crystal layer has a dielectric anisotropy of 7
or more and a twist elastic constant K22 of 5.5pN or less.

Patentansprüche

1. Flüssigkristall-Anzeigevorrichtung vom In-Plane-Switching-Typ, die aufweist:

zwei Substrate (101, 101’, 501, 501’, 401, 1401, 1401’, 1701, 1701’, 1412, 1711), deren Abstand durch Ab-
standshalter vorgegeben ist, eine Flüssigkristallschicht (106, 506, 1406), die in den Raum zwischen den beiden
Substraten eingefüllt ist, einen Satz Elektroden (102, 103, 502, 503, 410, 403, 402, 1402, 1403, 1702, 1703),
die auf der Oberfläche eines der beiden Substrate ausgebildet sind und zum Anlegen eines elektrischen Feldes
an die Flüssigkristallschicht dienen, und zwei optische Polarisatoren (109, 109’, 509, 509’, 1409, 1409’, 1709,
1709’), die so angeordnet sind, dass sie die Flüssigkristallschicht einschließen, wobei ihre Polarisationsachsen
im Wesentlichen rechtwinklig zueinander liegen,
wobei die Richtungen der kontrollierten Orientierung der Flüssigkristallmoleküle an den beiden Oberflächen
zwischen der Flüssigkristallschicht und den beiden Substraten im Wesentlichen parallel sind und die Polarisa-
tionsachse eines der Polarisatoren im Wesentlichen in der Richtung der kontrollierten Orientierung der Flüs-
sigkristallmoleküle an den Oberflächen ausgerichtet ist,
dadurch gekennzeichnet, dass
die Abstandshalter in einem Nichtanzeigebereich angeordnet sind und die Flüssigkristallschicht mindestens 40
Gew.-% und weniger als 100 % einer einen Bestandteil bildenden Komponente mit einer dielektrischen Aniso-
tropie von |Δε| ≤ 1 enthält.

2. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1,
dadurch gekennzeichnet, dass
die Rotationsviskosität γ1 und die Doppelbrechung an der Flüssigkristallschicht der Bedingung 

genügen.

3. Flüssigkristall-Anzeigevorrichtung nach Anspruch 2, bei der die Rotationsviskosität γ1 und die Doppelbrechung Δn
der Flüssigkristallschicht der Bedingung 

genügen.

4. Flüssigkristall-Anzeigevornchtung nach Anspruch 1, die ferner aktive Elemente (415) aufweist und bei welcher der
Satz von Elektroden Pixel-Elektroden (403) und gemeinsame Elektroden (402) umfasst, wobei die Pixel-Elektroden
und/oder die gemeinsamen Elektroden als transparente Elektroden ausgebildet sind.

5. Flüssigkristall-Anzeigevornchtung nach Anspruch 1, bei der die Doppelbrechung Δn und die Dicke d der Flüssig-
kristallschicht der Bedingung 0,2 mm < d·Δn < 0,4 mm genügen.

6. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1, bei der die einen Bestandteil bildende Komponente mit einer
dielektrischen Anisotropie von |Δε| ≤ 1 , die in der Flüssigkristallschicht enthalten ist, mindestens eine chemische
Verbindung mit zwei Ringstrukturen im Molekül umfasst und die Ringstruktur ein Benzolring oder ein Cyclohexanring
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ist.

7. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1, bei der die einen Bestandteil bildende Komponente mit einer
dielektrischen Anisotropie von |Δε| ≤ 1, die in der Flüssigkristallschicht enthalten ist, mindestens eine chemische
Verbindung mit nur einer Ringstruktur im Molekül umfasst und die Ringstruktur entweder ein Benzolring oder ein
Cyclohexanring ist.

8. Flüssigkristall-Anzeigevorrichtung nach Anspruch 7, bei der die mindestens eine chemische Verbindung, die in der
Flüssigkristallschicht vorliegt und nur eine Ringstruktur im Molekül aufweist, eine Struktur besitzt, die durch die
nachstehende chemische Formel

dargestellt wird,
wobei in dieser Formel bedeuten:

A einen 1,14-Cyclohexylen-Ring oder einen 1,4-Phenylen-Ring, B1 und B2 Gruppen, die aus den Gruppen ausge-
wählt sind, die -COO-, -OOC-, -OCO-, -CX2-, =CX-, -CX= und -O-umfassen, wobei X entweder ein Wasserstoffatom
oder ein Halogenatom ist,
und
R1 und R2 Alkylgruppen mit einer Anzahl von Kohlenstoffatomen im Bereich von 1 bis 8, die durch Halogenatome
substituiert sein können oder Doppelbindungen in der Kohlenstoffkette enthalten können.

9. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1, bei der die Flüssigkristallschicht eine chemische Verbindung
enthält, die eine Struktur in ihren Molekülen besitzt, die durch die nachstehende chemische Formel

dargestellt wird, in der X1 und X2 entweder H oder F bezeichnen, und die Flüssigkristallschicht eine Komponente
mittlerer Polarität enthält, deren Polaritätseigenschaften zwischen denen einer Komponente mit geringer Polarität
und einer dielektrischen Anisotropie von |Δε| ≤ 1 und denen einer Komponente mit hoher Polarität liegen und die
durch die obige chemische Formel dargestellt wird.

10. Flüssigkristall-Anzeigevorrichtung nach Anspruch 1, bei welcher der Satz von Elektroden Pixel-Elektroden und
gemeinsame Elektroden umfasst, die unter Verwendung von lichtundurchlässigen Materialien erzeugt sind, und der
Abstand L zwischen den Pixel-Elektroden und den gemeinsamen Elektroden, die Doppelbrechung Δn und die
dielektrische Anisotropie Δε der Flüssigkristallschicht der Bedingung L·Δn /√|Δε| ≤ 0,55 mm genügen.

11. Flüssigkristall-Anzeigevorrichtung nach Anspruch 10, bei welcher der Abstand L zwischen den Pixel-Elektroden
und den gemeinsamen Elektroden, die Doppelbrechung Δn und die dielektrische Anisotropie Δε der Flüssigkristall-
schicht der Bedingung L·Δn/√|Δε| ≤ 0,4 mm genügen.

12. Flüssigkristall-Anzeigevorrichtung nach Anspruch 4, bei welcher die Doppelbrechung Δn und die dielektrische An-
isotropie Δε der Flüssigkristallschicht der Bedingung Δn /√|Δε| ≤ 5,5·10-2 genügen.

13. Flüssigkristall-Anzeigevorrichtung nach Anspruch 4, bei der die Flüssigkristallschicht eine dielektrische Anisotropie
von 7 oder mehr und eine elastische Konstante der Verdrillungs-Deformation K22 von 5,5 pN oder weniger aufweist.
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Revendications

1. Dispositif d’affichage à cristaux liquides de mode de commutation dans le plan ayant une paire de substrats (101,
101’, 501, 501’, 401, 1401, 1401’, 1701, 1701’, 1412, 1711) dont l’espacement est déterminé par des espaceurs,
une couche (106, 506, 1406) de cristaux liquides remplie dans l’espace entre ladite paire de substrats, un ensemble
d’électrodes (102, 103, 502, 503, 410, 403, 402, 1402, 1403, 1702, 1703) formées sur la surface d’un des substrats
de ladite paire de substrats pour appliquer un champ électrique à ladite couche de cristaux liquides, et une paire
de polariseurs optiques (109, 109’, 509, 509’, 1409, 1409’, 1709, 1709’) placés de telle manière qu’ils enferment
ladite couche de cristaux liquides et avec leurs axes de polarisation sensiblement à angles droits l’un par rapport
à l’autre ;
dans lequel les sens d’orientation contrôlée des molécules de cristaux liquides au niveau des deux surfaces entre
ladite couche de cristaux liquides et ladite paire de substrats sont sensiblement parallèles, et l’axe de polarisation
d’un des polariseurs est sensiblement aligné avec le sens d’orientation contrôlée des molécules de cristaux liquides
au niveau desdites surfaces,
caractérisé en ce que
lesdits espaceurs sont placés dans une région de non affichage, et
ladite couche de cristaux liquides contient 40% en poids ou plus et moins de 100% d’un composant constituant
avec une anisotropie diélectrique de |Δε| ≤ 1.

2. Dispositif d’affichage à cristaux liquides selon la revendication 1,
caractérisé en ce que
la viscosité en rotation γ1 et la biréfringence An de ladite couche de cristaux liquides satisfont à la condition de 

3. Dispositif d’affichage à cristaux liquides selon la revendication 2 dans lequel la viscosité en rotation γ1 et la biréfrin-
gence Δn de ladite couche de cristaux liquides satisfont à la condition de 

4. Dispositif d’affichage à cristaux liquides selon la revendication 1 comprenant en outre des éléments actifs (415) et
dans lequel ledit ensemble d’électrodes comprend des électrodes de pixels (403) et des électrodes communes
(402), et au moins les unes ou les autres des électrodes de pixels et des électrodes communes sont formées comme
des électrodes transparentes.

5. Dispositif d’affichage à cristaux liquides selon la revendication 1 dans lequel la biréfringence An et l’épaisseur d de
ladite couche de cristaux liquides satisfont à la condition de 0,2 mm < d*Δn < 0,4 mm.

6. Dispositif d’affichage à cristaux liquides selon la revendication 1 dans lequel ledit composant constituant avec une
anisotropie diélectrique de |Δε| ≤ 1 contenu dans ladite couche de cristaux liquides comprend au moins un composé
chimique ayant deux structures de noyau dans la molécule, et ladite structure de noyau est un noyau benzène ou
un noyau cyclohexane.

7. Dispositif d’affichage à cristaux liquides selon la revendication 1 dans lequel ledit composant constituant avec une
anisotropie diélectrique de |Δε| ≤ 1 contenu dans ladite couche de cristaux liquides comprend au moins un composé
chimique ayant une seule structure de noyau dans la molécule, et ladite structure de noyau est soit un noyau
benzène, soit un noyau cyclohexane.

8. Dispositif d’affichage à cristaux liquides selon la revendication 7 dans lequel ledit au moins un composé chimique
présent dans ladite couche de cristaux liquides et ayant une seule structure de noyau dans la molécule a une
structure représentée par la formule chimique suivante :
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dans lequel, dans cette formule, A dénote un noyau 1,4-cyclohexylène ou un noyau 1,4-phénylène, B1 et B2 sont
des groupes choisis parmi les groupes comprenant -COO-, -OOC-, -OCO-, -CX2-, =CX-, -CX=, et -O-, et X est soit
un atome d’hydrogène, soit un atome d’halogène, et R1 et R2 sont des groupes alkyle avec un nombre de carbones
dans la plage de 1 à 8 et peuvent être substitués par des atomes d’halogène, ou bien peuvent contenir des liaisons
doubles dans la chaîne carbonée.

9. Dispositif d’affichage à cristaux liquides selon la revendication 1 dans lequel ladite couche de cristaux liquides
contient un composé chimique ayant une structure représentée par la formule chimique suivante dans ses
molécules :

dans laquelle X1 et X2 dénotent soit H, soit F, et ladite couche de cristaux liquides contient un composant moyen-
nement polaire dont les caractéristiques de polarité sont entre celles d’un composant faiblement polaire avec une
anisotropie diélectrique de |Δε| ≤ 1 et celles d’un composant fortement polaire représenté par la formule chimique
ci-dessus.

10. Dispositif d’affichage à cristaux liquides selon la revendication 1 dans lequel ledit ensemble d’électrodes comprend
des électrodes de pixels et des électrodes communes qui sont formées en utilisant des matériaux opaques, et
l’espacement L entre lesdites électrodes de pixels et électrodes communes, la biréfringence Δn et l’anisotropie
diélectrique Δε de ladite couche de cristaux liquides satisfont à la condition de 

11. Dispositif d’affichage à cristaux liquides selon la revendication 10 dans lequel l’espacement L entre lesdites élec-
trodes de pixels et électrodes communes, la biréfringence An et l’anisotropie diélectrique Δε de ladite couche de
cristaux liquides satisfont à la condition de 

12. Dispositif d’affichage à cristaux liquides selon la revendication 4 dans lequel la biréfringence Δn et l’anisotropie
diélectrique Δε de ladite couche de cristaux liquides satisfont à la condition de 

13. Dispositif d’affichage à cristaux liquides selon la revendication 4 dans lequel ladite couche de cristaux liquides a
une anisotropie diélectrique de 7 ou plus et une constante élastique de torsion K22 de 5,5 pN ou moins.
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