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(54) Twist-nematic liquid-crystal display

(57)  Atwist-nematic liquid crystal display includes a
first substrate and a second substrate disposed to op-
pose to the first substrate with distance d1 therebe-
tween, either one of the first and second substrates be-
ing a transparent substrate; a plurality of pixel elec-
trodes formed on either one of a surface of the first sub-
strate and a surface of the second substrate, said sur-
faces opposing to each other; a common electrode
formed on other one of the surfaces respectively of the
first and second substrates, a voltage applying unit for
applying a voltage between the pixel electrodes and the

FIG.1A

common electrode, twist-nematic liquid crystal sand-
wiched between the first and second substrates, mole-
cules of the liquid crystal respectively having long axes
continuously twisted between the first and second sub-
strates. When the twist-nematic liquid crystal has a bi-
refringence index (retardation) of An, An x d; > 2 umis
satisfied, where d; is expressed in micrometers. This
provides a liquid crystal display in which transmittivity in
a base section in which pixel electrodes are not dis-
posed is almost equal to transmittivity in a non-selected
section in which pixel electrodes are disposed.
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Description

[0001] This application is based on the Japanese Pat-
ent Application, Hei11-331500, filed on November 22,
1999, all the content of which is incorporated in this ap-
plication by reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The presentinvention relates to a twist-nemat-
ic (TN) liquid crystal display, and in particular, to a twist-
ed-nematic liquid crystal display of which display quality
is improved as compared with the prior art.

[0003] Inanematic state of liquid crystal, liquid crystal
molecules linearly elongated in a rod-like shape have
optical axes aligned in one direction or orientation.
[0004] In atwist-nematic state of liquid crystal, all lig-
uid crystal molecules sandwiched between two sub-
strate surfaces are aligned in parallel with the substrate
surfaces, but their orientation is 90° twisted between
both substrate surfaces. Therefore, the orientation of
alignment of liquid crystal molecules are continuously
changed by a total of 90° between the substrate surfac-
es.

Description of the Related Art

[0005] Fig. 5 (A) and Fig. 5 (B) show schematic con-
figurations of a twist-nematic liquid crystal display.
[0006] As can be seen in Fig. 5(A), a twist-nematic
liquid crystal display A includes two glass substrate 101
and 103 which are arranged to each other and apart
from each other by predetermined distance d and which
are opposing to each other, two transparent electrodes
105 and 107 formed on inner surfaces respective of the
glass substrates 101 and 103, nematic liquid crystal EM
(to be represented as Np liquid crystal herebelow) which
is sandwiched between two glass substrates and which
is positive in dielectric anisotropy, and a pair of polariz-
ing plates 111 and 113 disposed outside the glass sub-
strates 101 and 103, respectively.

[0007] Two glass substrates 101 and 103, tow trans-
parent electrodes 105 and 107, and molecules of the
nematic liquid crystal EM form pixels 115. The transpar-
ent electrode 105 is a pixel electrode of segment type
and the transparent electrode 107 is a shared or com-
mon electrode. The system further includes a voltage
source 117 to apply a desired voltage between the trans-
parent electrodes 105 and 107. The system includes a
plurality of transparent pixel electrodes 105. Fig. 5 (a)
shows a state in which no voltage is applied between
the transparent electrodes 105 and 107.

[0008] Alarge number of molecules of the nematic lig-
uid crystal EM in the cell 115 has a twist pitch which is
sufficiently larger than a wavelength of visible light.
When linearly polarized light is vertically incident to the
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glass substrate 103, the light is polarized 90° (90° po-
larization) alone the twisted state of the molecules of the
nematic liquid crystal EM while passing through the cell
115. In the cell 11, when two polarizing plates 111 and
113 have polarizing axes in a parallel Nicols state,
namely, when the polarizir g axes are parallel to each
other, namely, the light is interrupted.

[0009] Fig. 5 (B) shows a state in w rich a voltage is
applied between the transparent electrodes 105 and
107.

[0010] When a predetermined voltage applied to the
pixel 115 from the voltage source 117 and the voltage
exceeds a threshold voltage Vth, long axes of liquid
crystal molecules EM start changing their direction to-
ward a direction of an electric field associated with the
voltage.

[0011] When the voltage is about twice the threshold
voltage Vth, the long axes of liquid crystal molecules in
other than the neighborhood of surfaces of the transpar-
ent electrodes 105 and 107 are uniformly re-aligned to
be parallel to the direction of the electric field and the
polarization of 90° is lost. In this state, contrary to the
state in which no voltage is applied between the trans-
parent electrodes 105 and 107, light is allowed to pass
therethrough in the parallel Nicols state.

[0012] In the twist-nematic liquid crystal display A,
when the polarizing plates 111 and 113 are arranged in
the parallel Nicols state, the liquid crystal display can be
operated in a normally black mode.

[0013] The liquid crystal molecules EM are sand-
wiched between two glass substrates 101 and 103 of
the display A. To increase contrast between white and
black in displayed images, thickness d of the cell of lig-
uid-crystal molecules EM is determined as follows.
[0014] When 0 voltage is applied between the trans-
parent electrodes 105 and 107, the pixels of the liquid-
crystal display has transimittivity expressed as

T=sin’{n (1 +u?) 2211 + u?) 3)

where, u = 2And/A and An = (n,, - ny).

[0015] In expression (3), A is a wavelength of the in-
cident light and N, is a refractive index of liquid crystal
molecules in an axial direction parallel to the long axis
of the liquid crystal molecules, and N; is a refractive in-
dex of the liquid crystal molecules in an axial direction
vertical to the long axis of the liquid crystal molecules.
By determining the value of d for which the transmittivity
T of the pixels takes a minimum (minimal) value in ex-
pression (3), images can be displayed with a high con-
trast ratio.

[0016] The function of expression (3) is a periodic
function. Therefore, the transmittivity takes a plurality of
minimal values. Namely, a plurality of values of d exist
for the minimal values. Usually, a first or second minimal
value of d at a lower order is used in ordinary cases.
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[0017] Inthe liquid crystal displays using twist-nemat-
ic liquid crystal, images are displayed in primarily two
ways, namely, display of segment type and display of
matrix type.

[0018] The liquid crystal display of the segment type
includes a relatively small number of segment-type pixel
electrodes and is suitable when a limited number of
symbols, numerals, and the like are repetitiously dis-
played. The liquid crystal displays of segment type are
broadly used, for example, for desktop computers (cal-
culators), watches, measuring instruments, computer
game machines, and devices to display bar graphs.
[0019] In the liquid crystal display of matrix type, a
large number of pixel electrodes are arranged, for ex-
ample, in a contour of a simple matrix. Liquid crystal dis-
plays of matrix type are suitably used to display complex
images and the like and are employed, for example, for
personal computers and television sets.

[0020] The liquid-crystal displays are operated by
static or multiplex driving.

[0021] The static driving is mainly employed when the
display includes a small number of pixel electrodes.
Each of the pixel electrode of the liquid crystal display
receives a voltage individually from a driving circuit (driv-
er). During a display period, the driver continuously ap-
plies a display voltage Vs between segment-type pixel
electrodes of pixels to be displayed and the common
electrode. All segment-type pixel electrodes can be si-
multaneously driven.

[0022] In the liquid-crystal display operated by static
driving, 0 volt is applied to segment-type pixel elec-
trodes for a non-display section (not selected for the dis-
play operation). Namely, this voltage is the same as that
applied to a base section in which no segment-type elec-
trode exists and only a common electrode exsist. The
transmittivity and hue in the non-display section are al-
most the same as those in the base section. Namely,
the non-display section and the base section can be
readily discriminated from a display section.

[0023] The multiplex driving is also called time-divi-
sion driving or dynamic driving and is used, for example,
in a liquid crystal display of segment type including a
relatively large number of segment-type pixel electrodes
to be displayed. The multiplex driving is also applied to
a liquid crystal display of matrix type having a large
number of pixel electrodes.

[0024] Figs, 6 and 7 show an example of the multiplex
driving in a liquid crystal display.

[0025] Fig. 6 shows wiring of a liquid crystal display B
in which numerals are displayed at 12 places or posi-
tions. Each numeral is displayed with seven segments
by multiplex driving. Fig. 6 shows an example in which
only three places of numerals are displayed.

[0026] For each place, a common electrode 105 is
subdivided into 12 sections for place electrodes X;, i.e.,
X4 to Xq,. All segment-type pixel electrodes 107 are
classified into seven groups Y, i.e., Y4 to Y;. For each
group, the electrodes 107 belonging thereto are con-
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nected to each other.

[0027] At each place, segment-type pixel electrodes
(display electrodes) Y; to be displayed are selectively
driven at timing synchronized with timing at which the
place electrodes X; are sequentially driven by time-divi-
sion driving with a duty factor of 1/12.

[0028] The configuration of the liquid crystal display
requires 19 driver elements and 19 lead terminals. The
number of driver elements and that of lead terminals are
remarkably reduced when compared with a case in
which the static driving is used.

[0029] However, since a large number of pixel elec-
trodes 107 are commonly connected, various divided
voltages are applied to the pixel electrodes (non-display
electrodes) 107 other than those driven for the display
operation. This decreases contrast in displayed images
and hence leads to a phenomenon of so-called "cross-
talk".

[0030] The crosstalk occurs because the liquid crystal
equally responds to positive and negative voltages and
has a slow electrochemical response (voltage-display
contrast) characteristic.

[0031] To minimize influence of the crosstalk, a volt-
age averaging method is employed when the liquid crys-
tal display is driven by multiplex driving.

[0032] Fig. 7 including sections (A) to (C) shows sig-
nal timing charts of driving pulse signals in a liquid crys-
tal display operated by n-division driving in a voltage av-
eraging method.

[0033] Fig. 7 (A) is a signal timing chart showing op-
eration to apply signal voltages V(X;) to V(X)) to the
common electrodes, i.e., the place electrodes X, to X,,.
Assume that one scan period is expressed as Tg. A
pulse signal of V is applied to one place electrode X;
for a period of Tg /n.

[0034] Inone sean period thereafter, a pulse of -V, is
applied thereto.

[0035] Ascan be seenfrom Fig. 7 (B), throughout one
scan period, a voltage of -V/a and a voltage of V/a are
applied to the pixel electrode YJ- in a data-on state and
in a data-off state, respectively. In a subsequent period,
Vy/a and -Vy/a are respectively applied thereto in the
data-on and data-off states, respectively.

[0036] As shown in Fig. 7 (C), when a signal voltage
of +V is applied to the common electrode, the voltage
V(X;Y;) applied between the pixel electrode and the
common electrode is £(1 + 1/a)V with respect to each
display electrode and is +(1 - 1/a)V with respect to each
non-display electrode. When the signal voltage of V|,
is not applied to the common electrode, the voltage V
(X;,Y;) applied between the pixel electrode and the com-
mon electrode is +Vy/a with respect to each display
electrode and is -(+V/a) with respect to each non-dis-
play electrode.

[0037] Assume in the voltage averaging method that
the scanning pulse and the data input signal pulse are
Vp and V/a in the time-division driving and the number
of scanning electrodes is n. An effective voltage Vg
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which is an effective voltage applied to a liquid crystal
layer of a selected pixel and an effective voltage V¢
which is an effective voltage applied to a liquid crystal
layer of a non-selected pixel are expressed as follows.

Vg = (Vo/a){(32 +2a+ n)/n}o.s @

V. = (Vo/a)(a® - 2a + n)in}>® (5)

[0038] An optimal value of a in expressions (4) and
(5) can be obtained when the display contrast takes a
maximum value, namely, when V/V,; becomes maxi-
mum. The-optimal vlalue is obtained as follows.

_ .05
a=n

(6)

[0039] In a normally-black liquid crystal display oper-
ated by time-division driving, contrast between pixels is
defined as T4/T,q, where Tj is transmittivity of a pixel to
which a selection signal is applied and T, is transmit-
tivity of the pixel to which a non-selection signal is ap-
plied.

[0040] When the twist-nematic liquid crystal display is
operated by time-division driving, a predetermined volt-
age is applied between the common electrode and the
pixel electrodes also in the non-selected state (for the
pixels not to be displayed).

[0041] Therefore, the transmittivity of the base section
differs from that of the section of non-selected pixels
(pixels not to be displayed). Namely, these sections vary
also in hue from each other.

[0042] Since the non-display section and the base
section differ in transmittivity and hue from each other,
the non-display section cannot be clearly discriminated
from the display section depending on cases.

[0043] To facilitate discrimination of these sections in
the liquid crystal display operated by the time-division
driving, itis desired that the transmittivity T, 4 of the pixel
to which a non-selection signal is applied is substantially
equal to transmittivity T, of the pixel in the base section.
When T4/T ¢ takes a large value and T,s = Ty, only a
desired display section can be clearly discriminated and
hence the liquid crystal display is improved in display
quality.

[0044] Fig. 8 shows dependence of transmittivity T of
pixels on retardation A nd in a twist-nematic liquid crystal
display of the normally black mode in the prior art.
[0045] In the graph of Fig. 8, small circles represent
a characteristic of transmittivity T, of pixels in a base
section (a section in which the common electrode 105
is visible in Fig. 6). This graph shows transmittivity T,
up to a third minimal value thereof.

[0046] Small rectangles represent dependence of
transmittivity of non-selection pixels on retardation A nd
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when a non-selection voltage V, ¢ is applied between the
pixel electrodes (of segment type) of the pixels and the
common electrode 105. As in expression (5), the non-
selection voltage V, is represented by + (Vy/a){(a? - 2a
+ n)/n}05, The voltage is ordinarily set to a value for
which the transmittivity takes a minimum value in the
characteristic thereof with respect to the voltage.
[0047] The transmittivity T of pixels in the base sec-
tion takes first, second, and third minimal values.
[0048] In contrast therewith, the transmittivity T, 5 of
pixels in the non-selection state takes minimal values in
a range of A nd from 1.2 micrometers (u m) to 1.3 u m
(a range between the second minimal value to the third
minimal value of the transmittivity T).

[0049] Consequently, in the twist-nematic liquid crys-
tal display operated by time-division driving, the contrast
(T4/T,s) becomes higher when the retardation A nd is
set to a minimal value of the transmittivity (A nd = 1.2
umto 1.3 um as shown in Fig.8) not in a state in which
the applied voltage is zero but in a state in which the
non-selection voltage is applied.

[0050] Also in an actual twist-nematic liquid crystal
display, the contrast is increased by setting A nd to a
minimal characteristic value in a state in which the non-
selection voltage is applied, for example, to a value in a
range 1.2 umto 1.3 u m.

[0051] By setting A nd to a value in the vicinity of a
minimal characteristic value in a state in which the non-
selection voltage is applied, the value of T is lowered
and a high contrast (T¢/T,;) is obtained in images dis-
played by the liquid crystal display.

[0052] However, even when the retardation A nd is set
to a value in the neighborhood of a minimal value of the
transmittivity T, To considerably differs from T .
[0053] In a full-dot-matrix liquid crystal display in
which pixel electrodes occupy almost the entire display
screen area, the base section has quite a small area in
many cases. Even when T, considerably differs from
T, there does not arise any particular problem which
hinders easy discrimination between the non-display
section and the base section.

[0054] However, when the base section occupies a
large area as in the liquid crystal display shown in Fig.
6, the considerable difference between Ty and T,
leads to the so-called crosstalk in which not only the sec-
tion of selected pixels but also the section of pixels not
selected are discriminated from the base section. This
reduces clarity of images displayed by the liquid crystal
display.

[0055] Fig. 9 shows a relationship between transmit-
tivity T of pixels and a wavelength of incident light in a
liquid crystal display.

[0056] In the graph, dependence of the wavelength is
compared between the transmittivity T and the trans-
mittivity T, of non-selection pixels.

[0057] As can be seen from the graph, the transmit-
tivity Ty has a maximal value for wavelengths of 420 na-
nometers (nm) and 550 nm and the transmittivity T, of
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non-selection pixels has a maximal value for a wave-
length of 390 nm. T, differs from T, not only in the ab-
solute value but also in the wavelength dependence.
[0058] Therefore, the hue remarkably varies in imag-
es displayed by the liquid crystal display and the display
quality is deteriorated.

[0059] The display quality is more reduced when the
displayed image is watched from another angle of view.
[0060] The graph of Fig. 10 shows wavelength de-
pendence of the transmittivity T when the liquid crystal
display is viewed from an inclined direction. In the graph,
the wavelength dependence of the transmittivity T, is
compared with that of the transmittivity T.

[0061] The liquid crystal display is viewed from posi-
tion at a side thereof when a voltage is applied to the
associated electrodes. Specifically, assume that the
aligning direction (a direction of long axes) of liquid crys-
tal molecules in a central section of a liquid crystal cell
is the direction of 6 o'clock on a dial of a watch. The
liquid crystal display is viewed from the direction of 9
o'clock on the dial. Namely, the viewing direction is 40°
inclined from a normal of the liquid crystal cell.

[0062] The transmittivity T has a minimal value for a
wavelength of 410 nm and a maximal value for a wave-
length of 500 nm. The transmittivity T, of non-selection
pixels has a minimal value for a wavelength of about
390 nm.

[0063] Comparison of the spectral characteristic be-
tween Fig. 9 and Fig. 10 implies remarkable discrepancy
of the absolute value and the wavelength dependence
between the transmittivity Ty and the transmittivity T .
[0064] Inawavelength range from 500 nm to 780 nm,
the transmittivity T; of pixels viewed from the inclined
direction of Fig. 10 is disadvantageously higher than the
transmittivity T, of pixels viewed from the same direc-
tion.

[0065] The display characteristic is much more dete-
riorated when the liquid crystal display is viewed from
the incline direction.

SUMMARY OF THE INVENTION

[0066] Itis therefore an object of the presentinvention
to provide a liquid crystal display in which even when
the display is operated by time-division driving, there is
obtain a satisfactory display characteristic of high con-
trast and reduced difference in the transmittivity T and
the wavelength dependence (hue) between the base
section and the section of non-selection pixels.

[0067] Another object of the present invention is to
provide a liquid crystal display in which the satisfactory
display characteristic can be obtained in a wide viewing
angle.

[0068] Toachieve the objects according to the present
invention, there is provided a twist-nematic liquid crystal
display including a first substrate and a second sub-
strate disposed to oppose to said first substrate with dis-
tance d1 therebetween, either one of said first and sec-
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ond substrates being a transparent substrate; a plurality
of pixel electrodes formed on either one of a surface of
said first substrate and a surface of said second sub-
strate, said surfaces opposing to each other; a common
electrode formed on other one of said surfaces respec-
tively of said first and second substrates; voltage apply-
ing means for applying a voltage between said pixel
electrodes and said common electrode; twist-nematic
liquid crystal sandwiched between said first and second
substrates, molecules of said liquid crystal respectively
having long axes continuously twisted between said first
and second substrates. When said twist-nematic liquid
crystal has a birefringence index (retardation) of A n, ex-
pression A n x d; > 2 p m is satisfied, where d, is ex-
pressed in micrometers.

[0069] According to the present invention, there is
provided a twist-nematic liquid crystal display including
a first substrate and a second substrate disposed to op-
pose to said first substrate with distance d2 therebe-
tween, either one of said first and second substrates be-
ing a transparent substrate; a plurality of pixel elec-
trodes formed on either one of a surface of said first sub-
strate and a surface of said second substrate, said sur-
faces opposing to each other; a common electrode
formed on other one of said surfaces respectively of said
first and second substrates; voltage applying means for
applying a voltage between said pixel electrodes and
said common electrode; twist-nematic liquid crystal
sandwiched between said first and second substrates,
molecules of said liquid crystal respectively having long
axes continuously twisted between said first and second
substrates. When said twist-nematic liquid crystal has a
birefringence index (retardation) of A n, expression A n
xdy,>22um

is satisfied, where d; is expressed in micrometers.
[0070] According to the present invention, there is
provided a twist-nematic liquid crystal display including
a first substrate and a second substrate disposed to op-
pose to said first substrate with a distance therebe-
tween, either one of said first and second substrates be-
ing a transparent substrate; a plurality of pixel elec-
trodes formed on either one of a surface of said first sub-
strate and a surface of second substrate, said surfaces
opposing to each other; a common electrode formed on
other one of said surfaces respectively of said first and
second substrates; voltage applying means for applying
a voltage between said pixel electrodes and said com-
mon electrode; twist-nematic liquid crystal sandwiched
between said first and second substrates, molecules of
said liquid crystal respectively having long axes contin-
uously twisted between said first and second sub-
strates; and a first area in which said pixel electrodes
are formed and a second area in which only said com-
mon electrode is formed, said second area being in a
periphery of said first area. Contrast obtained according
to transmittivity of light through said first area and trans-
mittivity of light through said second area is used to dis-
play an image. Said voltage applying means applies a
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selection voltage or a non-selection voltage to said pixel
electrodes. The selection voltage and the non-selection
voltage are set to values, the values increasing discrep-
ancy between transmittivity of light through said first ar-
ea when the selection voltage is applied to said pixel
electrodes by said voltage applying means and trans-
mittivity of light through said first area when the non-
selection voltage is applied to said pixel electrodes by
said voltage applying means, the values decreasing dis-
crepancy between transmittivity of light through said first
area when the non-selection voltage is applied to said
pixel electrodes and transmittivity of light through said
second area.

[0071] In a liquid crystal display according to the
present invention, the contrast ratio takes a value which
can be used without causing any problem in practices.
The transmittivity of the base section is almost the same
as that of the section of non-selected pixels, and sub-
stantially a completely black color can be displayed in
both sections.

BRIEF DESCRIPTION OF THE DRAWINGS

[0072] The objects and features of the present inven-
tion will become more apparent from the consideration
of the following detailed description taken in conjunction
with the accompanying drawings in which:

Fig. 1 is a schematic diagram showing a principle
of an embodiment of a liquid crystal display of twist
nematic type according to the present invention in
which (A) shows a state in which no voltage is ap-
plied to electrodes and (B) shows a state in which
a voltage is applied to electrodes;

Fig. 2 is a plan view schematically showing an em-
bodiment of a liquid crystal display of twist nematic
type according to the present invention;

Fig. 3 is a graph showing a A nd dependence of
transmittivity of the liquid crystal display shown in
Fig. 2;

Fig. 4 is a graph showing a A nd dependence of a
contrast ratio of the liquid crystal display shown in
Fig. 2;

Fig. 5 is a diagram showing a principle of a liquid
crystal display of twist nematic type in which (A)
shows a state in which no voltage is applied to elec-
trodes and (B) shows a state in which a voltage is
applied to electrodes;

Fig. 6 is a diagram schematically showing a liquid
crystal display of twist nematic type;

Fig. 7 is a diagram of signal timing charts (A) to (C)
showing driving pulses employed in time-division
driving of the liquid crystal display shown in Fig. 6;
Fig. 8 is a graph showing a A nd dependence of
transmittivity of a liquid crystal display;

Fig. 9is a graph showing a wavelength dependence
of transmittivity of a liquid crystal display of twist
nematic type when viewed from a normal direction
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of a cell; and

Fig. 10 a graph showing a wavelength dependence
of transmittivity of a liquid crystal display of twist
nematic type when viewed from a direction inclined
40° from a normal direction of a cell.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

[0073] Fig. 1 schematically shows in (A) and (B) a
configuration of a liquid crystal display of twist nematic
type.

[0074] As can be seenfromFig. 1 (A), a twist-nematic

liquid crystal display C includes two glass substrates 1
and 3 which are parallel to each other and are apart from
each other by a predetermined distance of d,, transpar-
ent electrodes 5 and 7 respectively formed on inner sur-
faces respectively of the glass substrates 1 and 3,
nematic liquid crystal (Np liquid crystal) EM which is
sandwiched between the glass substrates 1 and 3,
which is twisted by 90° in an off state, and which is pos-
itive in dielectric anisotropy; and two polarizing plates
11 and 13 respectively disposed on the outside of each
of the glass substrates 1 and 3. Although the polarizing
plates 11 and 13 are apart from surfaces of the glass
substrates 1 and 3 in Fig. 1 (A), the polarizing plates 11
and 13 may be brought into contact with the glass sub-
strates 1 and 3, respectively.

[0075] The glass substrates 1 and 3, the transparent
electrodes 5 and 7, and the nematic liquid crystal EM
constitute pixels 15. Using a voltage source 17, a de-
sired voltage can be developed across the transparent
electrodes 5 and 7. The system of Fig. 1 (A) is in an off
state in which no voltage is applied between the trans-
parent electrodes 5 and 7.

[0076] The twist pitch of a large number of nematic
liquid crystal molecules EM held in the nematic liquid
crystal cell 15 is sufficiently larger than that of a wave-
length of visible light. While the linearly polarized light
vertically incident to the glass substrate 3 is passing
through the nematic liquid crystal molecules EM, the di-
rection of polarization of the light is twisted by 90° (op-
tical rotation of 90°) along the twisted state of the nemat-
icliquid crystal molecules EM. When the polarization ax-
es respectively of the polarizing plates 11 and 13 are
parallel to each other (parallel Nicols state), the nematic
liquid crystal cell 15 interrupts light.

[0077] When the polarization axes respectively of the
polarizing plates 11 and 13 are vertical to each other
(orthogonal Nicols state), the nematic liquid crystal cell
15

passes light therethrough.

[0078] Fig. 1 (B) shows a state in which a voltage is
applied between the transparent electrodes 5 and 7.
[0079] When the voltage source 17 applies a prede-
termined voltage to a pixel 15 configured as above and
the voltage exceeds a threshold voltage Vth, the long
axis of liquid crystal molecules in the pixel 15 start
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changing their directions toward a direction of an asso-
ciated electric field.

[0080] When the applied voltage becomes about
twice the threshold voltage Vth, the long axes of liquid
crystal molecules in regions other than regions near the
surfaces of the transparent electrodes 5 and 7 uniformly
re-align to be parallel to the direction of the electric field.
The optical rotation of 90° is therefore lost. In contrary
to a case in which no voltage is applied between the
transparent electrodes 5 and 7, light passes through the
cell 15in the parallel Nicols state. The light is interrupted
in the orthogonal Nicols state.

[0081] When the polarizing plates 11 and 13 are
placed in the parallel Nicols state as in the twist-nematic
liquid crystal display C, the display can operate in a nor-
mally black display mode.

[0082] The transparent electrode 5 is a pixel elec-
trode. A plurality of pixel electrodes 5 are formed on the
glass substrate 1. The transparent electrode 7 is a com-
mon electrode. Assume that an area in which the pixel
electrodes 5 are formed is a first area and an area in
which only the common electrode 7 are formed is a sec-
ond area.

[0083] Fig. 2 shows an example of multiplex driving
operation of the liquid crystal display C.

[0084] In Fig. 2 showing the liquid crystal display C in
a schematic plan view, 12-place symbols are operated
by multiplex driving. For each symbol, four-segment pix-
el electrodes are disposed.

[0085] The common electrode 5 is divided into 12 par-
titions, i.e., X4 to X4, for the symbol places. All segment
electrodes 7 are classified into four groups Y;, i.e., Y, to
Y,. For each group, the electrodes belonging to the per-
tinent group are connected to each other.

[0086] At timing synchronized with timing to drive the
place electrodes X; with a duty factor of 1/12 by time-
division driving, segment-type pixel electrodes Y; to be
displayed are selectively driven for each place.

[0087] The number of segment-type pixel electrodes
is not limited to four.

[0088] In the configuration of the liquid crystal display
C, dependence of transmittivity T on the retardation A
nd having a larger value (up to A nd = 2.75) has been
examined by experiments.

[0089] Fig. 3 shows the results of the experiments in
a graph, namely, the dependence of transmittivity T on
A nd for pixels of the liquid crystal display C.

[0090] Likeinthe graph of Fig. 8, the transmittivity Tns
of pixels to which a non-selection voltage is applied
takes a minimal value when Andis 1.2 umand 1.3 n
m. When A nd is further increased, the transmittivity T ¢
becomes greater. Consequently, when A nd is in-
creased, the contrast which is a ratio of the transmittivity
T, to the transmittivity T, becomes smaller. The results
of experiments support the commonly known event that
a satisfactory image cannot be displayed when A nd be-
comes greater.

[0091] However, through experiments using a liquid
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crystal display with a larger value of A nd, the transmit-
tivity T has been obtained as follows. Results of the ex-
periments will be next described.

[0092] Inarange of Andfrom1.8 umto 1.9 um,the
transmittivity T, of non-selection pixels abruptly be-
comes smaller. In a range in which A nd is equal to or
more than 1.9 um, the transmittivity T ¢ of non-selection
pixels gradually becomes smaller when A nd becomes
greater. When A nd is equal to or more than 2.2 um, the
transmittivity T, of the base section becomes substan-
tially equal to the transmittivity T, of the section of non-
selection pixels.

[0093] Fig. 4 shows dependence of the contrast ratio
(T4 /Tps) of pixels on A nd when the liquid crystal display
is driven with a duty factor of 1/4 (four scanning opera-
tions per period).

[0094] Inarange of Andfrom1.2umto 1.3 um,the
contrast ratio takes a maximum value of about 2000. In
a range of A nd from 1.2 u m to 1.8 u m, the contrast
ratio abruptly becomes smaller as A nd increases. When
Andis 1.9 p m or more, the contrast ratio increases as
A nd becomes greater.

[0095] When A nd is about 2.2 um, the contrast ratio
exceeds 100. When A nd becomes about 2.7 um, the
contrast ratio is about 200. Although this value is smaller
than the maximum value of 2000, the value of about 200
is applicable to practices. When the contrast ratio is 100
or more, there arises substantially no problem in prac-
tices.

[0096] When A ndis 2 u m or more, the transmittivity
T, of a pixel to which 0 volt is applied is almost equal to
the transmittivity T, 5 of a non-selection pixel. The trans-
mittivily T itself also takes a low value of about 0.4%.
[0097] Therefore, the base section and the section of
the non-selected pixels equally perceived by the viewer.
Since almost completely neutral black is displayed in
both sections, the liquid crystal display can display im-
ages with remarkably high display quality.

[0098] The results imply that it is only necessary that
the value of A nd ranges from 1.9 um to 2.7 um; favora-
bly, from 2.0 um to 2.7 um, and more favorably from 2.2
um to 2.7 um. The present invention is also applicable
to liquid crystal displays of which A nd is 2.7 um or more.
However, when thickness d of the liquid crystal cell is
excessively large, the response speed of the cell is low-
ered. Therefore, it is favorable to employ liquid crystal
of which A n has a large value.

[0099] For a pixel of which A nd is from 1.2 um to 1.3
um, the contrast ratio is actually increased, and the neu-
tral black is displayed when the non-selection voltage is
applied thereto. However, the base section is greenish
and the transmittivity T, is increased. Therefore, the
section of non-selection pixels appears as the so-called
crosstalk and the display quality is deteriorated.

[0100] The tendency of the deterioration in display
quality becomes remarkable when the viewing angle is
changed as described above.

[0101] Description will now be given of comparative
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examples and an embodiment of a liquid crystal display
according to the present invention.

Comparative example 1
[0102]

1) Substrate: Glass substrate with transparent elec-
trodes.

2) Alignment film: SE-150 of Nissan Chemical In-
dustries, Ltd.; Pre-tilt angle of 2°.

3) Rubbing: With rubbing cloth of rayon.

4) Direction of alignment: 90° between alignment
directions of upper and lower substrates.

5) Cell thickness: 7.1 um.

6) Liquid crystal: Liquid crystal of Merck (A n=0.15)
to which 0.1wt% chiral agent (S-811 of Merck) is
added (counterclockwise twist).

7) A nd of cell: 1.065 um.

Comparative example 2
[0103]

1) Substrate: Glass substrate with transparent elec-
trodes.

2) Alignment film: SE-150 of Nissan Chemical In-
dustries, Ltd.; Pre-tilt angle of 2°.

3) Rubbing: With rubbing cloth of rayon.

4) Direction of alignment: 90° between alignment
directions of upper and lower substrates.

5) Cell thickness: 8.3 um.

6) Liquid crystal: Liquid crystal of Merck (A n=0.15)
to which 0.1wt% chiral agent (S-811 of Merck) is
added (counterclockwise twist).

7) A nd of cell: 1.245 um.

Embodiment 1
[0104]

1) Substrate: Glass substrate with transparent elec-
trodes.

2) Alignment film: SE-150 of Nissan Chemical In-
dustries, Ltd.; Pre-tilt angle of 2°.

3) Rubbing: With rubbing cloth of rayon.

4) Direction of alignment: 90° between alignment
directions of upper and lower substrates.

5) Cell thickness: 11.7 um.

6) Liquid crystal: Liquid crystal of Melk (A n = 0.21)
to which 0.1wt% chiral agent (S-811 of Melk) is add-
ed (counterclockwise twist).

7) A nd of cell: 2.457 um.

[0105] Description will now be given of results of eval-
uation of the contrast ratios (measured at a position ex-
isting on a normal of the cell).

[0106] For data of the liquid crystal display operated
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by static driving, the ratio between transmittivity values
respectively of a base section and a pixel section is
measured in a case in which 5 V is applied to the pixel
electrode and in a case in which 0 V is applied thereto.
[0107] In the time-division driving, the ratio between
the on transmittivity to the off transmittivity is measured
by applying driving waveform with a bias of 1/3 and a
duty factor of 1/4. The driving voltage is set to obtain the
maximum contrast ratio under the condition.

[0108] The polarizing plates used for the measure-
ment are G-1220 of Nitto Electric Industrial Co., Ltd. In
the measurement, the plates are arranged in the parallel
Nicols state, and the lower substrate has an alignment
direction parallel to a direction of a transmission axis of
the lower polarizing plate.

[0109] Description will now be given of results of
measurement of contrast ratios in the static driving and
in the time-division driving of comparative examples 1
and 2 and embodiment 1.

[0110] The contrast ratio in the static driving is ob-
tained as 56 for pixels of comparative example 1, 47 for
pixels of comparative example 2, and 114 for pixels of
embodiment 1.

[0111] The contrast ratio in the time-division driving is
obtained as 94 for pixels of comparative example 1, 250
for pixels of comparative example 2, and 119 for pixels
of embodiment 1.

[0112] As can be seen from the results, the contrast
ratio in the static driving takes the highest value for pix-
els of embodiment 1, and the contrast ratio in the time-
division driving takes the highest value for pixels of com-
parative example 2.

[0113] Pixels of comparative example 2 seem to be
advantageous because of the highest contrast ratio in
the time-division driving. However, there actually exists
considerable discrepancy between the contrast ratio of
pixels in the static driving and that of pixels in the time-
division driving. In the static driving, the voltage applied
to the pixels not selected is 0 V. This is equal to the volt-
age applied to the base section. However, in the time-
division driving, the voltage applied to the base section
differs from that applied to pixels not selected, which
leads to discrepancy in the contrast ratios. Therefore, in
the time-division driving of pixels of comparative exam-
ple 2, the crosstalk takes place.

[0114] For the pixels of embodiment 1, the contrast
ratio of pixels in the static driving is almost equal to that
of pixels in the time-division driving. Therefore, the
crosstalk rarely occurs.

[0115] Consequently, the pixels of embodiment 1 in
which influence of crosstalk is minimized and the con-
trast ratio is increased are superior to those of compar-
ative examples 1 and 2.

[0116] Description will now be given of results ob-
tained by visually evaluating pixels of comparative ex-
amples 1 and 2 and embodiment 1.

[0117] When pixels of comparative example 1 are
viewed from a position on a normal thereto, the base
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section seems to be considerably colored. When the
viewing angle is changed, the base section and the non-
selection section remarkably change in hue. The display
quality is therefore deteriorated.

[0118] When pixels of comparative example 2 are
viewed from a position on a normal thereto, crosstalk
clearly takes place due to the difference in transmittivity
between the base section and the non-selection section.
The base section is less colored as compared with pix-
els of comparative example 1, but is still conspicuous.
When the viewing angle is changed, the base section
and the non-selection section also remarkably change
in hue. The display quality is therefore deteriorated.
[0119] In embodiment 1, when pixels thereof are
viewed from a position on a normal thereto, the trans-
mittivity of pixels to which a selection voltage is applied
is slightly low. However, a section of pixels to which a
non-selection voltage is applied and a base section
have hue of neutral black. Transmittivity and hue of the
non-selection section are almost the same as those of
the base section. Images on these sections are clearly
viewed and crosstalk is hardly perceivable. This results
in acceptable display quality. The base section viewed
from a position on a normal to the cell also has quite a
satisfactory color.

[0120] Even when the viewing angle is changed to a
considerable extent, the neutral black and darkness are
kept unchanged in the base section and the non-selec-
tion section. In a wide viewing angle, the hue is kept
unchanged. This leads to good display quality.

[0121] Also in the visual evaluation, it has been con-
firmed that high display quality is obtained by the pixels
of the liquid crystal display of embodiment 1.

[0122] Description has been given of examples of a
simple liquid crystal display of twist nematic type. How-
ever, the present invention is naturally applicable to a
color, twist-nematic liquid crystal display including a
color filter, a liquid crystal display of thin-film transistor
(TFT) type, a liquid crystal display of metal-insulator-
metal (MIM) type, and the like.

[0123] In the description, the twist angle is 90° in the
twist-nematic liquid crystal display. The present inven-
tion is not restricted by the examples. Concretely, the
present invention is applicable to twist-nematic crystal
displays having a twist angle ranging from 60° to 120°.
[0124] The polarizing plates are installed in the paral-
lel Nicols state in the description. However, even when
the angle between the polarizing plates is about 30°, a
similar advantage can be obtained.

[0125] In the description, the transmission axes of re-
spective polarizing plates is parallel to (the long axis of)
liquid crystal molecules. Even when the axes have an
angle of 30° therebetween, the present invention is ef-
ficiently applicable.

[0126] However, when the polarizing plates are ar-
ranged in the parallel Nicols state for twist of 90° and
the transmission axes of the polarizing plates are paral-
lel to the direction of alignment of liquid crystal on either
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one of the glass substrates, the transmittivity becomes
lower for the base section and the non-selected section,
neutral black can be obtained for these section, and the
contrast ratio takes a highest value.

[0127] While the present invention has been de-
scribed with reference to the particular illustrative em-
bodiments, it is not to be restricted by those embodi-
ments but only by the appended claims. It is to be ap-
preciated that those skilled in the art can change or mod-
ify the embodiments without departing from the scope
and spirit of the present invention.

[0128] According to its broadest aspect the invention
relates to a twist-nematic liquid crystal display, compris-
ing: a first substrate and a second substrate disposed
to oppose to said first substrate with distance d1 there-
between, either one of said first and second substrates
being a transparent substrate; a plurality of pixel elec-
trodes formed on either one of a surface of said first sub-
strate and a surface of said second substrate, said sur-
faces opposing to each other; a common electrode
formed on other one of said surfaces respectively of said
first and second substrates; voltage applying means for
applying a voltage between said pixel electrodes and
said common electrode.

[0129] It should be noted that the objects and advan-
tages of the invention may be attained by means of any
compatible combination(s) particularly pointed outin the
items of the following summary of the invention.

SUMMARY OF THE INVENTION
[0130]
1. A twist-nematic liquid crystal display, comprising:

a first substrate and a second substrate dis-
posed to oppose to said first substrate with dis-
tance d1 therebetween, either one of said first
and second substrates being a transparent
substrate;

a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of said second substrate, said surfaces
opposing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode;

twist-nematic liquid crystal sandwiched be-
tween said first and second substrates, mole-
cules of said liquid crystal respectively having
long axes continuously twisted between said
first and second substrates, wherein

when said twist-nematic liquid crystal has a
birefringence index of A n,
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Anxd;>2pum (1)

is satisfied, where d, is expressed in micrometers.
2. Atwist-nematic liquid crystal display according to
item 1, further comprising a pair of polarizing plates
arranged in a parallel Nicols state, said polarizing
plates being respectively disposed outside said first
substrate and outside said second substrate.

3. Atwist-nematic liquid crystal display according to
item 1, wherein at least two of said pixel electrodes
are used in combination with each other to display
an image.

4. Atwist-nematic liquid crystal display according to
item 1, further comprising:

a first area in which said pixel electrodes are
formed; and

a second area in which only said common elec-
trode is formed, said second area being in a pe-
riphery of said first area, wherein

contrast obtained according to transmittivity of
light through said first area and transmittivity of
light through said second area is used to dis-
play an image.

5. Atwist-nematic liquid crystal display according to
item 4, wherein discrepancy between transmittivity
of light through said first area when a selection volt-
age is applied to said pixel electrodes by said volt-
age applying means and transmittivity of light
through said first area when a non-selection voltage
is applied to said pixel electrodes by said voltage
applying means is used to display an image.

6. A twist-nematic liquid crystal display according to
item 5, wherein the non-selection voltage is select-
ed to almost equalize transmittivity of light through
said first area when the non-selection voltage is ap-
plied to said pixel electrodes to transmittivity of light
through said second area.

7. A twist-nematic liquid crystal display, comprising:

a first substrate and a second substrate dis-
posed to oppose to said first substrate with dis-
tance d2 therebetween, either one of said first
and second substrates being a transparent
substrate;

a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of said second substrate, said surfaces
opposing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode;
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10

twist-nematic liquid crystal sandwiched be-
tween said first and second substrates, mole-
cules of said liquid crystal respectively having
long axes continuously twisted between said
first and second substrates, wherein

when said twist-nematic liquid crystal has a
birefringence index (retardation) of A n,

Anxd,>22um (2)

is satisfied, where d; is expressed in micrometers.
8. A twist-nematic liquid crystal display according to
item 7, further comprising a pair of polarizing plates
arranged in a parallel Nicols state, said polarizing
plates being respectively disposed outside said first
substrate and outside said second substrate.

9. A twist-nematic liquid crystal display according to
item 7, wherein at least two of said pixel electrodes
are used in combination with each other to display
an image.

10. A twist-nematic liquid crystal display according
to item 7, further comprising:

a first area in which said pixel electrodes are
formed; and

a second area in which only said common elec-
trode is formed, said second area being in a pe-
riphery of said first area, wherein

contrast obtained according to transmittivity of
light through said first area and transmittivity of
light through said second area is used to dis-
play an image.

11. A twist-nematic liquid crystal display according
to claim 10, wherein discrepancy between transmit-
tivity of light through said first area when a selection
voltage is applied to said pixel electrodes by said
voltage applying means and transmittivity of light
through said first area when a non-selection voltage
is applied to said pixel electrodes by said voltage
applying means is used to display an image.

12. A twist-nematic liquid crystal display according
to item 11, wherein the non-selection voltage is se-
lected to almost equalize transmittivity of light
through said first area when the non-selection volt-
age is applied to said pixel electrodes to transmit-
tivity of light through said second area.

13. A twist-nematic liquid crystal display, compris-

ing:

a first substrate and a second substrate dis-
posed to oppose to said first substrate with a
distance therebetween, either one of said first
and second substrates being a transparent
substrate;
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a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of second substrate, said surfaces op-
posing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode;

twist-nematic liquid crystal sandwiched be-
tween said first and second substrates, mole-
cules of said liquid crystal respectively having
long axes continuously twisted between said
first and second substrates; and

a first area in which said pixel electrodes are
formed and a second area in which only said
common electrode is formed, said second area
being in a periphery of said first area, wherein:
contrast obtained according to transmittivity of
light through said first area and transmittivity of
light through said second area is used to dis-
play an image;

said voltage applying means applies a selec-
tion voltage or a non-selection voltage to said
pixel electrodes;

the selection voltage and the non-selection
voltage are set to values, the values increasing
discrepancy between transmittivity of light
through said first area when the selection volt-
age is applied to said pixel electrodes by said
voltage applying means and transmittivity of
light through said first area when the non-se-
lection voltage is applied to said pixel elec-
trodes by said voltage applying means, the val-
ues decreasing discrepancy between transmit-
tivity of light through said first area when the
non-selection voltage is applied to said pixel
electrodes and transmittivity of light through
said second area.

14. A twist-nematic liquid crystal display according
to item 13, further comprising a pair of polarizing
plates arranged in a parallel Nicols state, said po-
larizing plates being respectively disposed outside
said first substrate and outside said second sub-
strate.

15. A twist-nematic liquid crystal display according
to item 13, wherein at least two of said pixel elec-
trodes are used in combination with each other to
display an image.

Claims

A twist-nematic liquid crystal display, comprising:

a first substrate and a second substrate dis-
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posed to oppose to said first substrate with dis-
tance d1 therebetween, either one of said first
and second substrates being a transparent
substrate;

a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of said second substrate, said surfaces
opposing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode;

twist-nematic liquid crystal sandwiched be-
tween said first and second substrates, mole-
cules of said liquid crystal respectively having
long axes continuously twisted between said
first and second substrates, wherein

when said twist-nematic liquid crystal has a
birefringence index of A n,

Anxdy;>2um (1

is satisfied, where d; is expressed in micrometers.

A twist-nematic liquid crystal display according to
claim 1, further comprising a pair of polarizing plates
arranged in a parallel Nicols state, said polarizing
plates being respectively disposed outside said first
substrate and outside said second substrate.

A twist-nematic liquid crystal display according to
claim 1, wherein at least two of said pixel electrodes
are used in combination with each other to display
an image.

A twist-nematic liquid crystal display according to
claim 1, further comprising:

a first area in which said pixel electrodes are
formed; and

a second area in which only said common elec-
trode is formed, said second area being in a pe-
riphery of said first area, wherein

contrast obtained according to transmittivity of
light through said first area and transmittivity of
light through said second area is used to dis-
play an image.

A twist-nematic liquid crystal display according to
claim 4, wherein discrepancy between transmittivity
of light through said first area when a selection volt-
age is applied to said pixel electrodes by said volt-
age applying means and transmittivity of light
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through said first area when a non-selection voltage
is applied to said pixel electrodes by said voltage
applying means is used to display an image,

and/ or wherein preferably the non-selection
voltage is selected to almost equalize transmittivity
of light through said first area when the non-selec-
tion voltage is applied to said pixel electrodes to
transmittivity of light through said second area.

A twist-nematic liquid crystal display, comprising:

a first substrate and a second substrate dis-
posed to oppose to said first substrate with dis-
tance d2 therebetween, either one of said first
and second substrates being a transparent
substrate;

a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of said second substrate, said surfaces
opposing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode;

twist-nematic liquid crystal sandwiched be-
tween said first and second substrates, mole-
cules of said liquid crystal respectively having
long axes continuously twisted between said
first and second substrates, wherein

when said twist-nematic liquid crystal has a
birefringence index (retardation) of A n,

Anxdy>22um @)

is satisfied, where d, is expressed in micrometers.

A twist-nematic liquid crystal display according to
any of the preceding claims, further comprising a
pair of polarizing plates arranged in a parallel Nicols
state, said polarizing plates being respectively dis-
posed outside said first substrate and outside said
second substrate,

and/ or wherein preferably at least two of said
pixel electrodes are used in combination with
each other to display an image,

and/ or further preferably comprising:

a first area in which said pixel electrodes
are formed; and

a second area in which only said common
electrode is formed, said second area be-
ing in a periphery of said first area, wherein
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contrast obtained according to transmittiv-
ity of light through said first area and trans-
mittivity of light through said second area
is used to display an image,

and/ or wherein preferably discrepancy be-
tween transmittivity of light through said first ar-
ea when a selection voltage is applied to said
pixel electrodes by said voltage applying
means and transmittivity of light through said
first area when a non-selection voltage is ap-
plied to said pixel electrodes by said voltage ap-
plying means is used to display an image,
and/ or wherein preferably the non-selection
voltage is selected to almost equalize transmit-
tivity of light through said first area when the
non-selection voltage is applied to said pixel
electrodes to transmittivity of light through said
second area.

8. A twist-nematic liquid crystal display, comprising:

a first substrate and a second substrate dis-
posed to oppose to said first substrate with a
distance therebetween, either one of said first
and second substrates being a transparent
substrate;

a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of second substrate, said surfaces op-
posing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode;

twist-nematic liquid crystal sandwiched be-
tween said first and second substrates, mole-
cules of said liquid crystal respectively having
long axes continuously twisted between said
first and second substrates; and

a first area in which said pixel electrodes are
formed and a second area in which only said
common electrode is formed, said second area
being in a periphery of said first area, wherein:
contrast obtained according to transmittivity of
light through said first area and transmittivity of
light through said second area is used to dis-
play an image;

said voltage applying means applies a selec-
tion voltage or a non-selection voltage to said
pixel electrodes;

the selection voltage and the non-selection
voltage are set to values, the values increasing
discrepancy between transmittivity of light
through said first area when the selection volt-
age is applied to said pixel electrodes by said
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voltage applying means and transmittivity of
light through said first area when the non-se-
lection voltage is applied to said pixel elec-
trodes by said voltage applying means, the val-
ues decreasing discrepancy between transmit-
tivity of light through said first area when the
non-selection voltage is applied to said pixel
electrodes and transmittivity of light through
said second area.

9. A twist-nematic liquid crystal display according to
any of the preceding claims, further comprising a
pair of polarizing plates arranged in a parallel Nicols
state, said polarizing plates being respectively dis-
posed outside said first substrate and outside said
second substrate,

and/ or wherein preferably at least two of said
pixel electrodes are used in combination with each
other to display an image.

10. A twist-nematic liquid crystal display, comprising:

a first substrate and a second substrate dis-
posed to oppose to said first substrate with dis-
tance d1 therebetween, either one of said first
and second substrates being a transparent
substrate;

a plurality of pixel electrodes formed on either
one of a surface of said first substrate and a
surface of said second substrate, said surfaces
opposing to each other;

a common electrode formed on other one of
said surfaces respectively of said first and sec-
ond substrates;

voltage applying means for applying a voltage
between said pixel electrodes and said com-
mon electrode.
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